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The effect and regulatory mechanism of the ferroptosis in type H vessels on
osteoporotic osteoarthritis
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Abstract: The risk of osteoporotic osteoarthritis increases with age in postmenopausal women, which seriously endangers the life
and health of the elderly. Modern research has found that vascular formation and abnormal function are important events that
aggravate the pathological degeneration of osteoporosis and osteoarthritis. However, the function of type H vessels coupling for
angiogenesis and osteogenesis is beneficial to the repair of osteoporosis and osteoarthritis. Ferroptosis, as a new cell death pattern,
has been discovered in recent years which is mainly caused by iron-dependent lipid peroxidation and damage induced by reactive
oxygen species. However, the way and mechanism of the effect of ferroptosis of type H vessels on the course of osteoporotic
osteoarthritis is to be explored. This paper aims to open up a new direction for the prevention and treatment of osteoporotic
osteoarthritis by taking the ferroptosis of type H vessels as the entry point in the future.

Key words: type H vessels; ferroptosis; osteoarthritis; osteoporosis

B RATR (osteoarthritis, OA ) B —F LR Y PR, H B Z R R BN T b 80l HE R &
?&ﬁ*‘gﬁﬁ'ﬁ%#ﬁ@ﬂﬁx%’iﬂéﬁiﬁu aigs AR GRAE BOE T R BOR LU R Ak At B
BREEAL AR IRB A B RRMRT . B RBAE (osteoporosis, OP ) 45 Sk — i 5 4
AR B IR 2 A 4 DI AH S O AU B R R, K
EE AR R PR B O ] R, B A R 2 R
BRI WA AR (019001363) ARER LR pepe g o0 e i A0 s PR 260 3] AR

ERZRNAFOEE 3% &5 1 (X2019011-A4) .
= 4 3 7 BL A% A (2]
« BEMEH . 5 F, Email:993001232@ qq.com e BFRRO HBEEF AEERERESE S W




140 M RER VR oy

2021 4E 1 A% 27 4% 1 8] Chin J Osteoporos, January 2021, Vol 27, No.1l

B BB AL & IR B R R, AN B BB A M R
5 4 (osteoporosis osteoarthritis, OPOA ) , H 3= 5 DL #
R OE RTINS R R R R AW S Y 8t
RETRBEER S, WATHR RS EIRIT R EE R
R 1A B OPOA [ % A R ik 30% ~
80% ", B 5 4F iy R 3 LA S DI SRk vk, B M 4F i
TR, OPOA Y % 5 AL b 2 A Wik e ™ o Bl
Harba NN 2R IE, OPOA K K Jim R J5 2
W RS, - EfaFE T RENMERE.

IR X BB A B DG R B 25 iR T AR
B DLGE At b AR AR (PRI AN TG 45 ), T R I RE,
RedawhE. RV HZUHEgEER D KM
Y (o HALEE HAL =S EBCR AR (F
WEE RS CE OB (RUBERR #5455 ) AE SRR
(RFEEEH) R ERE(AETH) L HAE
BRE M 3, HB a0 HAE—ERE Fg
OPOA B3 1y #8453 iln PRAE AR, (HHK & FI 25 19 A 458
ARG IR T 2 Y BRI AR R ey XU, B S
JOL ) 3 A A 500 L BB 0 330 2 B A PR O R A
fEHER BT H A0 (A AN SR
0516 5 b e BB A S A R B 2 BE , HIE S 5
LA R B TR AL R R B E R
BRCASIEIGT OPOA W iz —. Hf H Al
B BRIE TR N B AR P A G R B AR A
B, WA H R el vk A2 KR 5 AL AT R0 R
VAN 4 05 L H B i 8 8RBT T O U0 A R HE T B R
B BB PR B S S TTRE T 7 ) o

1 HEMmMEE OPOA MG EdRWAS
£ H

HL 7R 11 A5 T 45 S5 3 3K I /I - TR 00 RS T 4
TAi Ak (CD31) 5 M f K5 2 11 4 4K (endomucin,
EMCN) " oA Sy — b 37 B0 58 S0 750 (B0 H &) 5@
BT REETHRE THH-S 5 AL, = h
Kusumbe [ BA 44 BF 5% 1 5% 71 2 76 ( Natrue ) 24 &1
FEIA S 2 14 T 36 LA IS A5 A S e, B H A
LA B 43T BB S AR A (L B BB O, B AR
38, BRI A B G D BV 4 % R AL 4 B
R BRI S . IRE BFFEIE S 78k BUE B 9
R D H A M T A R 5T R KR
TR B P ) 7 A B /N SR 32 1T 5 T 7 6 B 88
INREBEA R N SR B AR . o
TR0 1155 A VR R AN P B 56 A IR 1 i
AR R AR B A < QD BRI 5 4 - A TR L 10 A5 6 1

F 240 T A S I A S 2R, I A B A A I ELE U T R
I A8 P, T I R B 2 BT B SRR N — A B R SR
Yl B AR R VA (R B
BB S a SN T %) s g it
FEMTE T A/ NRERMRE CEAE . FNE L
B P o QA8 PN T B o BB SR R B I S S b
AW SBEEH A0 AT 2 i 85oE B e B4
AP HECRER B A B R RL, ZHa
MRS e . QR TR
W AN A °H R 8 N R B 25 S T
SRR B S | I R = 1 = o=
FHG R #5772 — A 45 3 A ook 2, LTS PR I Oy H 7Y
I8 PN B A R AT WG 5 | R0 T B T A 4 M ) 32
BN A e AT A8, Sojo & IRAT SAE 5L,
I8 FAE AR T S T BB kA TR AR B A R U
IR RCE B 200 %) T A i R AR RS e %) 3 A R
NIRRT ER Th SR = 7 E i/t S AN B AT L = ¢
LB A B ST B 18 E b, BRI 4 AT AR BF i
WS B S, R VRE N B RO BE R B
HHLSEM SN BENTFE, I RTERESE
A AR, AR R e R . A, RZIE
TR Z BN REL A, T E s
S T S AT R W UM, I, 8
A 4ERE H B E R DR, ok 5RO, AT e
T FE S B AN TR B O A e B AR 1Y B BRI
wZz—,

2 HEME#TET X OPOA 5 & it 12 iy

=

AT (Ferroptosis ) J2& — Ffi 2 B 40 AK 4 14 IR it
T EAAL S KBS (ROS) R i #09 R AT A
4T 5 40 0 A oA, LT G | RS A0 S T R, SOk
AE/NEEUUE  HEW N — RV R R BG5S %
S BT R AT A e K Bk
& 4 ( glutathione peroxidase 4,GPX4) % &, ] BH 45 If
Wk 0 A D IR S RS R, HE T B R I AT A fik
ROS 7E [5J5 9 K BHIL 4 7 25 3, ik i % & kst 1o
WA BT IR o TR e 4l B A 5 0 I K i 2 R A
51 4 (AcylCoA synthetase long-chain familymember4,
ACSL4A) 1E R ERFE T G BE N &, AT AL IR 25 )
B (AEA D09 TR B B IRER ) AR M A HH g A W (R
A VO THE CoA VB B JIRTE CoA) , HETH AF 8 2 4H 41
B B L R B A (B R BE W i R AR 15 UL B
%) . Doll % ™V BEJY % B, i Wi Bk ACSL4 A,



FEE RGN ZEE 202141 A4 27 %% 18] Chin ] Osteoporos, January 2021, Vol 27, No.1 141

AR &> GPX4 171 6 57) (RSL3 ) 5 5 Y 40 g #k 4
T WA BRRBEAENRERTERPLET
FRER, — B 40 88 7 /A, AL NI TE i
BAMH R R ROS, Fe& G A& X T RIF
HORZET  H B & e 5 % N S AR RAET,
2 PR AR 2 R, | AR E FR Y A I FE 2
BRACUH S (32 30 0 20 48 Jf R i 2R 8K 55 ) ST
1% Fenton S A= K& ROS 58 H B 4 (4
B An ) BRIE TSR A o

T B BB AAPE B O R B0 gt AR v 1 AL
BEA T A RES M T RS SN EHEE, &5
Je, H B & Bk FET- 5 5 06 B A AR i 4 1 5K ) B
BIET . EZRER R R, BRAE TR = 80 5 3] R
ML (PR 40 ) B0 . B2 1Y o R it 5
PR ZERL R o R AT T4 4 590 ] AR/ Bl S T ke I - P
WV R . B OA BE A Y BRI B
erastin (5 wmol/L ¥ ) 7T J 3 35| & 1L % PY Bz 40 Py
REBRFET OB T WE BoR 5 sh Bk sE T4 = 0 i
BTN B AN A% A A TR A SR S5 A S TS R L
L2 i A £ R O T L 5 5 TR AR TR W R ) D
TN B2 20 i SOk (R [ 45 46/ BRIE TS A G 3 GPX4
FIE W EFRAL, T ER S T HW 5] Ferrostatin-1 M) AT 53
BEOMAE N A MR T R A, HOR G H B B R
FETZ AR T N JE] OPOA G5 R i i A 25 2k A, E
P AV R, H AN RAESIET S, HAL
7 4 T e R e 0 B R AL K SR R
KT N RCH ) [ B A i B 1 1 R (ROS) S HAth 5
WAL sy . Hor s O3t B iE 4 (ROS) 15
HESFPIRTCHEX BN EENER, FTERUGCHE
HEAR(H,0,) BEEABHE( - OH) , —~FHILA
(NO) H LA K M P B 145, MR RERLE
G R NI R B AT, PO AR A N Y TR
e =REY TR AN N I RER T g 0 el
SRR ST R T RY e It A, JFG ST i Ja A R R
fm >, @ I wE-2 ( cyclooxygenase-2, COX-2) /E
Sy — AR B R AR B O SR BR S, TR AR AR
DU Js R ) 20 78 B A R BT B IR R . W OT R
B 2 0% PR BT 130 liproxstatin-1 /)N R
G, AT COX-2 Zhie, M R FREL R,
- RIBHY COX-2 IS4 R & E2(PGE2) &
G RGN, J5 AT 55 5 3 B s A O
TR, ORI TL-18 X 458 40 M 09 B 38 5 73
TER AT S BB R RSl T e ™,

3 miRNAs #+ & H & &% % 3 OPOA
RIEHENAT

miRNAs £y — B i b O/ <F 09 3/ 3F 48 15
RNA, A7 i 3 45 & $ 2£ ] mRNA (3-UTR) JE &% X
B S R G5 S S UL, B ORI R
TRk, miRNAs W 792 2 5 40 a6 59 . 7 1k FE 1=
(W BRIET) F AR RN, AR KRBEFRE
B, miRNAs 1 4 ¥ 7E 10 97 B a3 2 18 B WE 3 98 44
mz—= £ R W, miRNAs 5 i 5 7 Rz 41
FfL 35 445 85 ) S 186, L P miRNA-9 A4 7] 8 2o A F: 4%
FET (ferroptosis ) 25 15 A ¥ I & P9 B2 40 ML B 2T,
miRNA- 9 iR VBN — M BRI Z W5 2 RAE R
37 B4 7 225 PR 2T X NF-kB A% 5% R T HEAT P 4
PET VR A e RE R o TR A B R T (g 2B
TNF-o 5 IL-1 48) W] #03% NF-«B & g, B4R
fL B NF-kB p65 ik A 4l B , B Z0] 5] 2 B 5 &
BB A, e BB R A L e Ah MR BTSE R
2" miRNA17-92 ( £ E £14F miRNA-17 . miRNA-
18a. . miRNA-19a/b. miRNA-20a. . miRNA-92a) /E N —
FYZ DI RE AT miRNA R X I 48 A A B L T e 1Y
RERAEEREBER. A%FIEL™, dxn
miRNA17-92 A {2 47 erastin & 5 ML & PN K2 40 Jif (9 2
FET:, BRI lipid-ROS 7= A= 5 Bk, HA il 5
T miRNA17-92 {4 ¥ 53+ A20, 33 i #0 #l £k 56 1
HHOCE ] ACSLA #YJAHC . % F4H ¢ miRNAs X H
RMESH T EEMEZERTEMN, LEG0ET
A5 H R B k50 T HE T 8 B R B M e
6 B FEEFE )40 miRNA-O 45 2 75 76 B BBk A #
B SR 5 B WA B o & RGO T E A, B miRNA-
9 AT H BN P B 40 B R A8 T 3 T R e
“RUE S B E T DI RE, ST A ECE A AR E R
N, JIE 22 5% H IR AR ML M R HE— 2 T 5 SR IE

4 NG5

gr b0 RIS T AR B 4R S R R N DLl
SR o S R O P B R AR e
oy TR A5 BB RO AR B SR B IR T R AT
B oAb X HOAY I RS T B A A R
N IE G B R B EE R AR TR G . (T H
T BRAE T AE YR I B RGP O Y A I PR 5 2
BT RAT S #E— L IT 5 &, i H 4 E 1 AR A
B RIERT RA S8R WM, T ERAR
iFs U, T 1R A Bk AR T A 04 B 1] 24 g AT



142

ol WO Vo

2021 4E 1 A% 27 4% 1 8] Chin J Osteoporos, January 2021, Vol 27, No.1l

S AR R S 2 RO AL P R OGO R B B R R
— , AT 18 RV AU 3B s R K0 20 B B0 AR 0 2 7 ik
FLTAE YA B2 s oy, I T o T R B Ay K i PR A
FHATRA R, % 4 5 18 5 5F B T I R 16 7 R
HABEZMH{E.

(2]

[3]

(4]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

{ 2 % x & |

Bamnett R.Osteoarthritis[ J].Lancet,2018,391(10134) .1985.
Aspray TJ, Hill TR. Osleoporosis and lhe ageing skeleton|[ J].
Subcell Biochem, 2019,91.453-476,

Zheng W, Ding B, Li X, el al. Knee loading repairs osleoporolic
osteoarthritis by velieving abnormal remodeling of subchondral
bone via Wnt/B-catenin signaling[ J].FASEB J,2020,34(2) .
3399-3412,

Deshpande BR, Katz JN, Solomon DH, et al. Number of persons
with symptomatic knee osteoarthritis in the US: Impact of race
and ethnicity, age, sex, and obesity [ J ]. Arthritis Care Res
(Hoboken) ,2016,68:1743-1750.

Geusens PP, van den Bergh JP. Osteoporosis and osteoarthritis;
shared mechanisms and epidemiology[ J].Curr Opin Rheumalol,
2016, 28(2) :97-103.

Herrero-Beaumont G, Roman-Blas JA, Mediero A, el al. Trealing
osteoporotic osteoarthritis, or the art of cutting a balding man’ s
hair[ J].Osleoarthrilis and Carlilage,2020,28(3) :239-241.

ShEY IME F AR TR A H R 0 SR R ERAAAE (] b
JRBAS 24,2018, 24(10) ;1353-1356.
Kusumbe AP, Ramasamy SK, Adams RH. Coupling of
angiogenesis and osteogenesis by a specific vessel subtype in bone
[J].Nature,2014,507(7492) :323-328.

Wang JM, Gao Y, Cheng PZ, et al. CD31hiEmcnhi vessels
support new irabecular bone formation at the frontier growth area
in the bone defect repair process[ J].Scientific Reports,2017,7
(1) :4990.

Xie H,Cui Z,Wang L, et al. PDGF-BB secreted by preosteoclasts
induces angiogenesis during coupling with osleogenesis [ J ]. Nal
Med, 2014, 20(11) :1270-1278.

Pu C, Rke J. Molecular mechanisms and clinical applicalions of
angiogenesis[ J]. Nature,2011(7347) :298-307.

Fa L. Building strong bones: molecular regulation of the
osteoblast lineage [ J]. Nature Reviews Molecular Cell Biology,
2011(1) :27-38.

Goerke SM, Obermeyer J, Plaha J, et al. Endothelial progenitor
cells from peripheral blood support bone regeneration by
provoking an angiogenic response[ J]. Microvasc Res,2015,98.
40-47.

Sojo K,Sawaki Y, Hauori H, et al.Immunohistochemical study of
vascular endothelial growth factor ( VEGF ) and bone
morphogenelic prolein — 2, -4 ( BMP-2,-4) on lengthened ral
femurs[ J].J Cranio-Maxillo-Facial Surgery,2005(4) :238-245.
Ka A, Aufd J, Du H,
osteoporosis| J].J Gerontology,2003 ,4:362-366.

Reeve J, Arlot M, Wootton R, et al. Skeletal blood flow, iliac

el al. Rele ol vascular [aclors in

histomorphometry, and strontium kinetics in osteoporosis: a

relationship between blood flow and corrected apposition rate[ ) ].

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

J Clin Endocrinology and Melabolism,1988, 6: 1124-1131.

Da W. Angiogenesis in osteoarthritis [ J ]. Current Opinion in
Rheumalology , 2008 ,5:573-580.

Viswanathan VS, Ryan MJ, Dhruy HD, et al. Dependency of a
therapy-resistant state of cancer cells on a lipid peroxidase
pathway[ J].Nature 2017, 547(7664) ;453-457.

Dixon S, Lemberg K, Lamprecht M, et al. Ferroptosis: an iron-
dependent form of nonapoptotic cell death[ J].Cell, 2012, 149;
1060-1072.
Dolma S, et al. Identification of

lethal

Lessnick SL, Hahn WC,

genotype-selective  antitumor agents using synthetic
chemical screening in engineered human tumor cells[ J].Cancer
Cell, 2003, 3(3) :285-296.

Tuo QZ, Lei P, Jackman KA, etal. Tau-medialed iron export
prevents ferroptotic damage after ischemic stroke [ J ]. Mol
Psychialry 2017, 22(11) :1520-1530.

Xiao FJ,Zhang D,Wu Y, et al. miRNA-17-92 Protects Endothelial
cells from erastin-induced ferroptosis targeting the A20-ACSL4
Axis [ J]. Biochem Biophys Res Commun, 2019, 515 (3):
448-454.

Tiku ML, Liesch JB, Robertson FM. Production of hydrogen

peroxide by rabbit articular chondrocytes. Enhancement by

cytokines[ J].J Immunol, 1990,145(2) :690-696.
Qian L, Han X, Xi L, et al. Inhibition of neuronal ferroptosis
prolecls hemorrhagic brain[ J].JCI Insight,2017,2(7) :e90777.
Shimada K, Hayano M, Pagano N, et al. Cell-line selectivity
improves the prediclive power of pharmacogenomic analyses and
helps identify NADPH as biomarker for ferroptosis sensitivity[ J].
Cell Chem Biol,2016,23:225-235.
Wang YS, Yu T, Jin H, et al. Knockdown MiR-302b alleviates
LPS-induced injury by targeting Smad3 in C28/12 chondrocytic
cells[ J].Cell Physiol Biochem,2018,45.733-743.
Zhang K, Wu L. miR-9 regulates ferroptosis by targeting glutamic-
oxaloacetic transaminase GOT1 in melanoma[ J].Mol Carcinog,
2018,57(11) : 1566-1576.
Contreras J, Rao DS. MicroRNAs in inflammation and immune
responses| J ].J Contreras,2012,26(3) :404-413.
Bazzoni F, Rossalo M, Fabbri M, el al. Induction and regulatory
function of miR-9 in human monocytes and neutrophils exposed to
proin{llammalory signals[ J ].Proc Nat Acad Sci USA,2009, 106
(13) :5282-5287.
Hu ZC, Xie Z], Tang Q,el al. Hydroxysalllor yellow A (HSYA)
targets the NF-kB and MAPK pathways and ameliorates the
development of osteoarthritis [ J ]. Food Funct, 2018,9 (8):
4443-4456.
Olive V, Jiang 1, He L. mir-17-92, a cluster of miRNAs in the
midst of the cancer network [ J].Int J Biochemistry & Cell
Biology,2010,42(8) . 1348-1354.
Treguer K, Heinrich EM, Ohtani K, et al. Role of the
microRNA-17-92 cluster in the endothelial differentiation of stem
cell[J]. J Vascular Research, 2012, 49(5) . 447-60.
Xiao FJ,Zhang D, Wu Y ,et al. miRNA-17-92 protects endothelial
cells [rom erastin-induced ferroplosis through largeling the A20-
ACSL4 axis[ J].Biochem Biophys Res Commun,2019,515(3)
448-454.

(WHs 0 37 2020-05-21 5 f& [/ 0 8] . 2020-06-01)



