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Research progress in vascular aging accelerating Spontaneous cerebral hemorrhage
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Abstract: Spontaneous cerebral hemorrhage is a common and severe disease in the elderly. Hypertension and cerebral
vascular structural changes are the main causes of Spontaneous cerebral hemorrhage. However, it is unclear why the
incidence of Spontaneous cerebral hemorrhage increases with age. Reviewing the literature on vascular aging and
Spontaneous cerebral hemorrhage in recent years, this paper discusses the mechanism of vascular aging accelerating
Spontaneous cerebral hemorrhage in two aspects: hypertension and changes in vascular structure and function, which are
caused by aging, hoping to provide new ideas and references for the prevention and treatment of Spontaneous cerebral
hemorrhage. [Journal of International Neurology and Neurosurgery, 2023, 50(6): 96-100]
Keywords: Spontaneous cerebral hemorrhage; Vascular aging; Chronic inflammatory response; Atherosclerosis; Arterial

remodeling

EE T B 76 B IR0 I R 22 2 F 58 O #8300 H (2022L.CZX-02) 5 B VG 2 5 5 00F & 1151 (2019ZDLSF04-06-01) 5 B V5 445 4 9 e + T A%
Sl IR H (2019-30) ; B PG 2 Hh s 2 R BB T BA (2019-YL15) .

WFs B #5:2022-12-09; &[5 B #§:2023-10-12

TEB BT FIVREE (1998—) , 2, LV Al o A, 32728 DA S5 G 463 47 L I 11 45552 9 o 28 2R e I 10 P P R 25 A I R TF 5%, Email: zeyu_s@
163.com,

BEES GU/NE(1979—) , 55 1t b2, EAT BV, A -0 7 28 S0, 3280 )3 i 4o 40 I AL 5 B Ao 428 2 4 I %) v 1 125 235 45 i R AF
5%, Email: szfyfxx@163.com,

- 06 -



2023,50(6)

FIPRER, 45« VAN SEE 13 R M s 1l 52 2 AR DGR ok J

http://www.jinn.org.cn

FI A I it CAS 2 465 0 e AR 2 e Dk s T2 5 RS 7))
SR NECR W 2SEHRE 2 — S PR T 2R | 5 Bk
R R A A TR A 2 AT e
VLA VP 24 TR B, A A it 1001 25 9 25 B 4 A
% B 34 KM 0 . B M Soderhamn Hb X ) — I0 B 5% &
B, XM 1 A SR T R S XA 1
B 56 Gt X K 249 20% BN AR TE 65 % B L
Do 2K H Tkeam 555 — TS LB, 5 45~54 5 1 N BE
A EE, 85 % R LA b AR 45 4 Ml H i fy JRUR 38 1 3 10
o —TRE KA LI, 65 % K UL b (A HEAR K Az i
HE I AR AT 8 R SR JXURS: L 65 %2 AR B RIS 547, 85 %
KL E R AEBER L 65~84 % 1 b B AE BRI E 2 /51
2 % P BRI K B0, 51~70 2 Sk i 00 4 703 % 4 i
Be, A KRB 72.4% . NILEH NN, M4 &1k
FIREAE— 2 B EE bt 7 i b i R A o AR SCHE A T
v ML R L 45 # RO 2 A D T Il A S A B A
i 14 11 A T TE LR BEA T 255 A OCIE RAR ES %
1 BAMRENAZENEZRRA

e UL 00078 4 P SO S 1 i e A S ot A A ) 32
S DR e I R L ) 482 A AR S PR A5 5, 3 I A
A PR O, — 5 TR I A B 18 B O (S 45 o A7 7 1T s T o g
S5y R L5 55— 5 T LA R ) R A O 1 A T /N B
I3 HE s/, 51 R SR I R T e, B R B i
BERY R L o X — W AMEAE R R A & P R I AR
FEA
1.1 SIER S & MRS & 4 &R e IR Eh E =

e ML A 1 A i 1 1 e T A A TR R e L
ANASUXT 11 A5 BE 3o JCRBE IR | B A S, R T I B
SZ AR /1N Bl KRB 40 i A R B A e R 2 R i Ak
B e s I A I PR R LA AR I A 2
PE I RE AR T 5 & A X AT g 5 B i T A
o WRFE KB, B MR ) - 2 1 4 TR (systolic blood
pressure, SBP) 2334 T[] i 1 1 KU 5 722 ] Fie AR %% A 345
b 2 AU Sl L, 22 ] e i B PR BT 45 455 E PRI
FIHERANESF T Y Bl S B R BRI AE 5 5 B i
2T DT 5 A 1 S, 3K T R A ) i 14 1 g A 17
3 —JE ™ Nardone %5 W55 £ W, A & WLIA 38 i 22
a5 & o= IR AEZ A T 09 MU e | A BH
8 B0 1 T AT RS 4 B I 2 S B S I
I . Lewington %W 5¢ K L, 4 % SBP # H F2 7 1)
= i 10 mmHg, = AP R BE B B AR 10°C, SBP 3 i 5.7
mmHg, 3 7] G825 B IRAT B 25 & AR i i %) S AL
1.2 MELERGER B R MR M & %89 RE

LA BE /i IS PN 2 20 i Cendothelial cells, EC) | L%
U LA ME (vascular smooth muscle cells, VSMC) il £F 4k
41 Jifd (fibroblasts cells, FBC) . J& 4l ifd (pericytes cells, PC)

« 07 .

DL K 255 K P 40 i 70 56 5T (extracellular matrix, ECM ) (3PE
B VRN JFL AR A A5 R o P sl LA T 2 LA
AP ZEE4 D AT 2B A A e & Il
FEAERITR &Rl v 8 A e TR & R 1R veMe 2%,
I ARRE A RE S DR 5, BRI, 2 i s ek
e I 5 | B 1 5 s o 5 380 /N 20 B R 17T A JUL PR
8 VRS VE T Bads W AL, 45 1f A REAR W 5 0 1Rk
3 LS S 2L VSMC B R AN 45, (45 VSMC Wi 2 11 3
IRFEARG, S o e T 1) 7 A 18 I, e 2o P A EC ML, DT )
55 1M 55 BE | T LB 3 IR O B e 4 s i e
2 REZNRT SMENLEHE
2.1 TESIZRMRERNMNESLENERIHE,
WM A8 T AR RAE SN S 5 1Y
BERRAS , ASAE SN T B AL O 25 5 Bopdin &) 2k
B Sy Re i A b A RE D) FIHT R RE T BRI A IR
BATE A FEHUADIRERE T, X — I BREZ N E
R RO WA S T e A R R
MAFZAS . Chiriacd 2" 58 4 ZAEAFE % % A K
WF5E R B A B 2 AR N AE A S B e 5l DG 19 1
R, H 40 & -6 (Interleukin—6, 11.—6) F1 P83 21 HE K
F—a(tumor necrosis factor—a, TNF—a ) %5 48 i K- I 7K -
2 it 25 4 I A 188 K 1T FH 7 5 Ungvard 220058 & 81, 1F %
LB, ECHI VSMC 15 R 323K 315 24 77 7 i 48 0 4%
A5 VA RAE S S N F (IL-6 \ TNF-«) EATL IH 7 B 43
T SR E G T Y R RS AR AR A I A RE A2 R TR B
TR T LA A R 4 SO ) RE AT T . RARAIL R
S L 1.

R
e, e
CEA

FE
i
BBB &
‘ 1L R A H L T "_QD_“ BkEEL , ‘ JHL/‘Q‘“.{NME;‘J!IIWJ‘

LS

s
ik
3

1

E1 e ZAitheik A MR b ALH  E B
RAETIRE A ) AR AR CC Rtk 32442, CC
FALk N 7324 5 Ak AL T CX3C 324 1 B HL it (Al 34
) Zh Bk FEE AL BERR b, sl T Sh kOB RERE AL . RAE
TR R AR R AR S i B IO R S P g2 SR T
LAk 3l Bk BE Ak . Toll # 52 4 (Toll-like receptor, TLR)



2023,50(6)

FIPRER, 45« VAN SEE 13 R M s 1l 52 2 AR DGR ok J

http://www.jinn.org.cn

JE AR S P S 2R G T B AR AR RO AR R A2 A AR
g 2R 138 o B 86 43k R 88 (myeloid differentiation
factor 88, MyD88) 4 1 id 45 ok MyD88 4K 4 1 i 45 175
T ELWR AN AL P ) TLRA VT | 48 95 6L 0K 40 1) JE i, 5 5
F1 A S5 4R, -8 i 20 ok ot A5 A AL S0E B A 1) 4 L PR
LT 4 )@ 25 A B (matrix metalloproteinases, MMPs) 1Y) e
Az 0 Bl KA AL 2 NOD Af 52 (R SR 1 45 1
AHOCHE 3 R AE /N MR JE T U0 E) P oAl A R 1B
(Interleukin-18, TL-1B8) I & Fl [ 40 il A~ £ -18
(Interleukin—18, TL-18) Fif A/ T W29 TL-18 F11L-18
(10 8, Jon S S0 I oS A R A P T B> S S SR
377 A Ko B4 M AT 240 FfL L B 4 A SR B2 4 A i
AR R R R R E P G YU, S SR T 4 M
(helper T cells, Th) G AL AN T 21 g 356 58 & AL 3 ik ok
FEREALAE T T 4038 o JAK-STAT {5 53 B 400 4 71k
9 Th1 40, Th 53 TRy, - F E RN 1L,
AR E Sy Jik oS FE B A A SR AN BREBR AT, 5 | ol A B 49 5 AR
i, S Eun TR

ECM A4 2L B 1 (Rt 1 L SR PE AR 155 ) M2 MMPs
SEPTL BE A (Y G0, B bk P R 28 e MMPs () [
A B A TS | A RS SRR 1 BB R
JU RIS R A B T R R R e S e A 2
Yy, A BRI AR 1 s R £ 1 SR T A A Y 2T AL D
T2 P 384 o, DT 5 | A8 P e A A JRIBEL T 16, AR T
I A TR s R, SR YR S
W0 R S B0 A S A 6 2 1) 0 WA RS RS i R
T ECM Y28 BK, T 1 h it 4k (I > . TR B, Bt
AL AE | I LI S AN s /b, 4 il i T B 3 47
LB AFRE T I 5 I KT LT I o 28 P4 530
G 5 R 14 10 38 B R B S T

o7 T 1L 45 BE HhR] 2 1Y VSMC B 1 B8 il mT 3 24
L5 58 3 2 7 A AR L B AR IR R A
7 3k R ) TR g 3 M % (reactive oxygen species,
ROS) (1 77 A, 7= A 19 S A 7 9 v] DUBOTS #% I 1 B
(nuclear factor-kB, NF-kB)-RANKL {5 518 %, 5| & {L£45
2 PR 147 A (0 TNF-o0) , 23 S kA A5 4L . 3t
BRAR AT F 1(Sirtuin 1, Sirtl) {9 N 345 F 802 4 IR
PE Sirt] AR I 2 Bt A Y TE R T PR S B 2 AL
NF-kB & 5 Y1) p65 WAk EAE A ] NF-«B {5 54 5, ik
A0 ROS (7= A 400 i 5 8546 1 Sirtl 28 (I 7E 40
Mg b kAR e AR 51 ROS I A=, ik i 4
BEALSS, BE Ak, VSMC 3 1] L3 33 Runt 1 56 5% 5% H 1
(runt-related transcription factor 2, Runx2) /1 5 1) PI3K-
AKT 15538 B 02 3 1 40 i o3 A R Ak 5 s 2 5 i 46
AR 2 9 Runx2 38, s VSMC ) B s AL , £
HE I B

2.2 ZHES|EMANEINEEER, 2RENEASHS—
FSE

EC & 4B 1ML 48 i 19— J2 4H B, 3 2 B a7 5 IR 7
WA 46 DXL 5 | R S e JUL A s st RIS 45, 81 3 10 A 5k 917
— AL AL TE VSMC ) m] i S IR i A SR B R
1 I S A5t 5 Y — A AU P A SZ AR, AR
P WA 45 25 TR, VSMC R st 0 55, 5 | ot e 7 v 5 [
i, EC B B2 % ~1 (Endothelin—1, ET-1) , %1 #%
VSMC 93 B R 5, 410541 N R — S AL A Tl 08 i s 2ot
0 — A B 7 R TS VSMC A Bt 557 . BF ST AIE
S, BB AR K, — AR A e TR
HET-1 RGHIE , ET-1 5 VSMC b N B2 26 A FTi 2
BZARZE A BOG BENR B C- LB — B IR R4, 5 24 i
PR (0 38 5 | LR 25 P J8 e 1 B 1 1, 328 17 4 VSMIC
K, (A kO 3G in
3 RZINRMELEIRE
3.1 FEEEBUREREMEMEEE, (B THESEW

L5 0 7 S 3 R v M R A RN i & A
AR — P PR AR Ak SR S N I 45 F 9 5 VSMC
FHYIA Ko BT, VSMC a1 WLALS)
A CEI UL 22— S E AB I UL-IEREE 1 A A
B -1 Zebn b i FE 1k, VSMC 6 B M Wic 45 2 1 5 1
SAETTFEG| & 0 MG 4505 ) 25 T B0 VSMC R R e 45 35
TR Sy Ay T2 R VSMC 2 B R 1
MMPs 7= AR RPERERSE . [RIAF , MMPs %o 480 fhi JEL RS
FF 52 AT e Mt W 8y A Y T ST Tt 0% 2 184 o 1 5 i), 3
1 SOX9/HD A C AR A AL il 114 2 W as 1 845, ok fidk Jig i 2
RSP B, O T BB R T I R 5 4 Ak 18 B bk BE
AR
3.2 I A H W E # 5 ¥ 5 E (blood-brain
barrier, BBB) &R

BBB & —Fh 5t B, 38 o I8 1 0 B4 R4 JE A
Mk A KR e R P AR 2 R GRS BEE R
14, BBB RO 25 F AN I BE & AR OB . e EEAT,
EC H1 2 B 73— 1 F04H A 18] G B 20 1 A9 Rk A T R,
3 3 5 ) 5% R 3 AR 1 T K IS BBB e Ak, 5k
BBB BN, PCAELERE T4 M 4 B 1l BBB 1) 56 4 |
TR R0 AL AT S 0 A e o AR A R h 4 R
FIPEF AR PCERD R WERT,
F RN PC 23 3 Bl ™ 5 AR IR R 05 B
AEWE 3, DN PC A T B It N 2 AR K TR T 22 AR B
f A PR R A 51 14 BBB 23 , S 20145 BBB U fE
RERRY R IR T N EC, PR AR ET-1, RN 2 —4&
TR &, AR BBB IIfig, 5142 BBB B IR . 4h,
B EC H NF-KB p65 #5506 , 4B U8 T 5 J8rk 36 in

« 08 -



2023,50(6)

FIPRER, 45« VAN SEE 13 R M s 1l 52 2 AR DGR ok J

http://www.jinn.org.cn

S5 BBB UJREREAG S B 0L B U AN WG N 1t
B VRG0S 20 LA RE | 2 Wik a4k, ORI 2R
F 51 VSMC Z 2 S 800 45 A8 5 AR i, 457 RE st 55 L &)
Pk

25 bR e I R I A 5 b Bl A S 1 e i I
KRR B E A R R E N L I EC,
VSMC .ECM 28 ¥: 5 | 2 s kA AL | N Bz DI Re i i 2 5

s £ X W
[1] AL-KAWAZ MN, HANLEY DF, ZIAI W. Advances in
therapeutic ~ approaches  for intracerebral
hemorrhage[J]. Neurotherapeutics, 2020, 17(4): 1757-1767.
[2]  THRIFT AG, DONNAN GA, MCNEIL JJ. Epidemiology of
intracerebral hemorrhage[J]. Epidemiol Rev, 1995, 17(2):
361-381.

[3] IKRAM MA,

spontaneous

WIEBERDINK ~ RG, KOUDSTAAL PJ.
International epidemiology of intracerebral hemorrhage[J]. Curr
Atheroscler Rep, 2012, 14(4): 300-306.

[4]  FORTI P, MAIOLI F, DOMENICO SPAMPINATO M, et al. The
effect of age on characteristics and mortality of intracerebral
hemorrhage in the oldest-old[J]. Cerebrovasc Dis, 2016, 42(5/6):
485-492.

[5]1  WW/NiE BIRF, E =X, &5 AU DR XA [ 4R i 5 5 M
ML 2 5 38 (4 52 0 (7], V0 48 5 4F 0 ik 1 48 v 4= 35, 2011, 13
(2): 172.

[6] AN SJ, KIM TJ, YOON BW. Epidemiology, risk factors, and
clinical features of intracerebral hemorrhage: an update[J]. J
Stroke, 2017, 19(1): 3-10.

[7]  CHEN YK, LIANG WC, YUAN SL, et al. Circadian rhythms of
blood pressure in hypertensive patients with cerebral
microbleeds[J]. Brain Behav, 2022, 12(4): 2530.

[8]  KARIO K, HETTRICK DA, PREJBISZ A, et al. Obstructive
sleep apnea-induced neurogenic nocturnal hypertension: a
potential role of renal denervation[J]. Hypertension, 2021, 77(4):
1047-1060.

[9]  NARDONE M, KATERBERG C, INCOGNITO AV, et al. Blood
pressure oscillations impact signal-averaged sympathetic
transduction of blood pressure: implications for the association
with resting sympathetic outflow[J]. Am J Physiol Heart Circ
Physiol, 2021, 321(4): H798-H806.

[10] LEWINGTON S, LI LM, SHERLIKER P, et al. Seasonal
variation in blood pressure and its relationship with outdoor
temperature in 10 diverse regions of China: the China Kadoorie
Biobank[J]. J] Hypertens, 2012, 30(7): 1383-1391.

[11] JAMINON A, REESINK K, KROON A, et al. The role of
vascular smooth muscle cells in arterial remodeling: focus on
calcification-related processes[J]. Int J Mol Sci, 2019, 20(22):
5694.

[12] OLSON JL. Hyaline arteriolosclerosis: new meaning for an old
lesion[J]. Kidney Int, 2003, 63(3): 1162-1163.

- 90 .

YL K R 225 R BBB B, i T il He T i
PGS A AR I G O e ) A T AR G
LG ST SR AR TR A5 L | B ARGt P e 5 (H 23
K i PR AN A DL B R A PRI R AT S5 A . P,
T EIRTT O A Al L ) 07 B AR 1R A RE
HAT—E e i

[13] FISHER CM. Pathological observations in hypertensive cerebral
hemorrhage[J]. ] Neuropathol Exp Neurol, 1971, 30(3): 536-550.

[14] WILSON SK, HEPTINSTALL RH. The effects of heparin
treatment on vascular permeability and vessel wall damage in
acute hypertension in the rat[J]. Am J Pathol, 1983, 111(3):
354-366.

[15] ROSENBLUM WI. Fibrinoid necrosis of small brain arteries and
arterioles and miliary aneurysms as causes of hypertensive
hemorrhage: a critical reappraisall]]. Acta Neuropathol, 2008,
116(4): 361-369.

[16] WILLIS Al, PIERRE-PAUL D, SUMPIO BE, et al. Vascular
smooth muscle cell migration: current research and clinical
implications[J]. Vasc Endovascular Surg, 2004, 38(1): 11-23.

[17] BEKTAS A, SCHURMAN SH, SEN R, et al. Aging,
inflammation and the environment[J]. Exp Gerontol, 2018, 105:
10-18.

[18] MCHUGH D, GIL J. Senescence and aging: Causes,
consequences, and therapeutic avenues|J]. J Cell Biol, 2018, 217
(1): 65-77.

[19] CHIRIACO M, GEORGIOPOULOS G, DURANTI E, et al.
Inflammation and vascular ageing: from telomeres to novel
emerging mechanisms[J]. High Blood Press Cardiovasc Prev,
2019, 26(4): 321-329.

[20] UNGVARI Z, TARANTINI S, DONATO AJ, et al. Mechanisms
of vascular aging[J]. Circ Res, 2018, 123(7): 849-867.

[21] GOLBUS JR, STITZIEL NO, ZHAO W, et al. Common and rare
genetic variation in CCR2, CCR5, or CX3CRI and risk of
atherosclerotic coronary heart disease and glucometabolic traits
[J]. Circ Cardiovasc Genet, 2016, 9(3): 250-258.

[22] ROCHA DM, CALDAS AP, OLIVEIRA LL, et al. Saturated fatty
acids  trigger TLR4-mediated
Atherosclerosis, 2016, 244: 211-215.

[23] LI B, LI WH, LI XL, et al. Inflammation: a novel therapeutic

inflammatory ~ responsel[J].

target/direction in atherosclerosis[J]. Curr Pharm Des, 2017, 23
(8): 1216-1227.

[24] SHI X, XIE WL, KONG WW, et al. Expression of the NLRP3
inflammasome in carotid atherosclerosis[J]. J Stroke Cerebrovasc
Dis, 2015, 24(11): 2455-2466.

[25] KYAW T, TAY C, KRISHNAMURTHI S, et al. Bla B
lymphocytes are atheroprotective by secreting natural IgM that
increases IgM deposits and reduces necrotic cores in

atherosclerotic lesions[J]. Circ Res, 2011, 109(8): 830-840.



2023,50(6) FIRER , A5 A AR [ & MM 0 I & A PR A DG RIF S ki http://www.jinn.org.cn
[26] RECINOS A 3rd, LEJEUNE WS, SUN H, et al. Angiotensin II [41] STAUFFER BL, WESTBY CM, DESOUZA CA. Endothelin-1,

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

induces 1L-6 expression and the Jak-STAT3 pathway in aortic
adventitia of LDL receptor-deficient mice[J]. Atherosclerosis,
2007, 194(1): 125-133.

MA ZH, MAO CF, JIA YT, et al. Extracellular matrix dynamics
in vascular remodeling[J]. Am J Physiol Cell Physiol, 2020, 319
(3): C481-C499.

REESINK KD, SPRONCK B. Constitutive interpretation of
arterial stiffness in clinical studies: a methodological reviewl[J].
Am J Physiol Heart Circ Physiol, 2019, 316(3): H693-H709.
SAFAR M, CHAMIOT-CLERC P, DAGHER G, et al. Pulse
pressure, endothelium function, and arterial stiffness in
spontaneously hypertensive rats[J]. Hypertension, 2001, 38(6):
1416-1421.

L, JE/NIE, X, A S A A A AL KA DG EE A
FUREIR(T). LA R 2%, 2021, 35(7): 750-753.

GRAHAM DI. Morphologic changes during hypertension[J]. Am
J Cardiol, 1989, 63(6): 6C-9C.

ZUO L, WAN T, XU XH, et al. Relationship of early
spontaneous type V blood pressure fluctuation after thrombolysis
in acute cerebral infarction patients and the prognosis[J]. Sci
Rep, 2016, 6: 27656.

ALEXANDER MR, OWENS GK. Epigenetic control of smooth
muscle cell differentiation and phenotypic switching in vascular
development and disease[J]. Annu Rev Physiol, 2012, 74: 13-40.
DURHAM AL, SPEER MY, SCATENA M, et al. Role of smooth
muscle cells in vascular calcification: implications in
atherosclerosis and arterial stiffness[J]. Cardiovasc Res, 2018,
114(4): 590-600.

PAN W, YU HZ, HUANG SJ, et al. Resveratrol protects against
TNF- a -induced injury in human umbilical endothelial cells
through promoting sirtuin-1-induced repression of NF-KB and
p38 MAPK]J]. PLoS One, 2016, 11(1): e0147034.

XU CY, WANG L, FOZOUNI P, et al. SIRT! is downregulated
by autophagy in senescence and ageing[J]. Nat Cell Biol, 2020,
22(10): 1170-1179.

JIA GH, AROOR AR, DEMARCO VG, et al. Vascular stiffness
in insulin resistance and obesity[J]. Front Physiol, 2015, 6: 231.
VANHOUTTE PM, SHIMOKAWA H, FELETOU M, et al.
Endothelial ~dysfunction and vascular a 30th

anniversary update[J]. Acta Physiol (Oxf), 2017, 219(1): 22-96.
BREWSTER LM, GARCIA VP, LEVY MV, et al. Endothelin-1-

disease -

induced endothelial microvesicles impair endothelial cell
function[J]. J Appl Physiol (1985), 2020, 128(6): 1497-1505.

LANTZ J, RENNER J, LANNE T, et al. Is aortic wall shear
stress affected by aging? An image-based numerical study with

two age groups|J]. Med Eng Phys, 2015, 37(3): 265-271.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

+ 100 -

aging and hypertension[]J]. Curr Opin Cardiol, 2008, 23(4):
350-355.
RENSEN SSM, DOEVENDANS PAFM, GJJMVAN EYS.
Regulation and characteristics of vascular smooth muscle cell
phenotypic diversity[J]. Neth Heart J, 2007, 15(3): 100-108.
OWENS GK, KUMAR MS, WAMHOFF BR. Molecular
regulation of vascular smooth muscle cell differentiation in
development and disease[J]. Physiol Rev, 2004, 84(3): 767-801.
GUZIK TJ, TOUYZ RM. Oxidative stress, inflammation, and
vascular aging in hypertension|J]. Hypertension, 2017, 70(4):
660-667.
YAMAZAKI Y, BAKER DJ, TACHIBANA M, et al. Vascular
cell senescence contributes to blood-brain barrier breakdown[J].
Stroke, 2016, 47(4): 1068-1077.
BANKS WA, REED MJ, LOGSDON AF, et al. Healthy aging
and the blood-brain barrier[J]. Nat Aging, 2021, 1(3): 243-254.
KHAIDAKOV M, WANG XW, MEHTA JL. Potential
involvement of LOX-1 in functional consequences of endothelial
senescencelJ]. PLoS One, 2011, 6(6): e20964.
ARMULIK A, GENOVE G, BETSHOLTZ C. Pericytes:
developmental, physiological, and pathological perspectives,
problems, and promises[J]. Dev Cell, 2011, 21(2): 193-215.
ARMULIK A, GENOVE G, MAE M, et al. Pericytes regulate the
blood-brain barrier[J]. Nature, 2010, 468(7323): 557-561.
ARMULIK A, ABRAMSSON A, BETSHOLTZ C. Endothelial/
pericyte interactions[J]. Circ Res, 2005, 97(6): 512-523.
BELL RD, WINKLER EA, SAGARE AP, et al. Pericytes control
key neurovascular functions and neuronal phenotype in the
adult brain and during brain aging[J]. Neuron, 2010, 68(3):
409-427.
MONTAGNE A, NATION DA, SAGARE AP, et al. APOE4
leads to blood-brain barrier dysfunction predicting cognitive
decline[J]. Nature, 2020, 581(7806): 71-76.
JAMIESON JJ, LINVILLE RM, DING YY, et al. Role of iPSC-
derived pericytes on barrier function of iPSC-derived brain
microvascular endothelial cells in 2D and 3D[]J]. Fluids Barriers
CNS, 2019, 16(1): 15.
NIKOLAKOPOULOU AM, MONTAGNE A, KISLER K, et al.
Pericyte loss leads to circulatory failure and pleiotrophin
depletion causing neuron loss[J]. Nat Neurosci, 2019, 22(7):
1089-1098.
DONATO AJ, GANO LB, ESKURZA 1, et al. Vascular
endothelial dysfunction with aging: endothelin-1 and endothelial
nitric oxide synthase[J]. Am J Physiol Heart Circ Physiol, 2009,
297(1): H425-H432.

SHEGH : Eo



