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Abstract:  Objective To investigate the molecular mechanism of rupture of aneurysm by analyzing the expression of
vascular structural proteins, growth factors, and matrix proteases in one patient with intracranial aneurysm (IA) at different
stages, and to provide a theoretical basis for the early screening and prevention of [A. Methods The samples of the unrup-
tured aneurysms, the ruptured aneurysm wall, and the superficial temporal artery wall were collected from 6 patients with
IA. Quantitative real-time PCR and Western blotting were used to measure the changing trends of the expression levels of
three structural proteins (type II1 collagen, fibronectin and laminin) , two growth factors [ vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF) ], and two matrix proteinases [JNK and matrix metalloproteinase 2
(MMP2) ]. Results There were high expression levels of type 111 collagen, laminin, bFGF, and MMP2 in the normal vas-
cular wall samples collected from the superficial temporal artery. Most proteins showed a moderate expression level in the

samples of unruptured aneurysms. After rupture of aneurysms, there were reductions in the expression levels of type IlI col-
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lagen and laminin and increases in the expression levels of fibronectin and VEGF. The mRNA expression levels were basi-

cally consistent with the protein expression levels. Conclusions

Structural proteins and growth factors show different ex-

pression levels and patterns in normal vascular wall, unruptured aneurysm wall, and ruptured aneurysm wall.

[Journal of International Neurology and Neurosurgery, 2022, 49(3): 14-20.]
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i A v e ] [ RS e R ) R R 2 — , 2019
A e i A P A O 1 700/10 J7 I R A
H R R 306/10 7 T L FE iR A A A AR AR
% <70 % B B E LI FR SRR N, B A0 AR R AL R
5%~15% 1) it 25 H 55 Al N 8l ik 988 (intracranial aneurysm,
TA)BE A 5 TA B R i LA PR R, SE T 5%
R AR R Ao TA B 2L S B3 kR P ke I IR JE
i, 22 WF Lt CB A ik 1:2) 5 & AR A 55~60
B B DROR P I DO S S A LS 30 d BETS R 45%,
K2y 30% 24735 B A T B 5 7 S Y D RE e g

TA W ZLAHILTR E AN . ik DA A 3l Dk 118 &
A I R W T BE A UH 285 D 3 ik i A R T BE Y
AT R TR R ] B R T I BE Y B
05 0 25 2, AL AT BB 2 ol T O A R A8 S BT B2 T
JOT S N I A A R R TR JFR ) o
1 5% (type III collagen a1, COL3al) £ 4 7% 4 5 1 (Fibro-
nectin) FlJZ 4l % 25 F1 (Laminin ) , 1707 00U BE S0P 458 o 04 1L
BN A K T (vascular endothelial growth factor,
VEGF) Gt i 21 4 41 i A 1 K+ (basic fibroblast growth
factor, bFGF) , LA K I TG A6 25 1 U (stress—activated
protein kinase, INK) F15E 51 45 J& 85 F [ 2 (matrix metallo-
proteinase 2, MMP2) , 7 3¢ K #E I A BEME AR . BF9R &
B, B TN B VKRR 1Y) & S PO LA A2 AR B N e 1ff
R S5 R B A 2 A T I B S TR R A AN [
PRI R AR S R AN B ik 26 PR 7 ) — fR
T LB A AR AR S o], WA S L PR s A, X T

i BT 3 kIR A s B L) B E R

FH T TA 26 Pl 20 K 0% AR A I B TR, 22 BT 5
AN £ 25 T AR SR AL AN [R) A 300 11 s s ke A T J
BT . MBS 0 A 3 B ek B ke /) R Tl
FEE ORI EE R R 2 — BRI, AT R AN R 2
SRR ECT BTN HER . R, A ST A0 W)
— BE AR B B TA FEAS , SR G A AREA 22 Sk X i
B LA T A A R PR B S5 1 i S PR R R R
AT 30T IRF TA BB 43 HLI , g TA 114 5L 109 i A
FTR B AL AR
1 #RAGE
1.1 #F#

6 I FEVE TA (B AEIY 45~55 %, 28 CTA B5/F1 4 ik 1
IR ANIZ N 2 & Sk, Y PEET IR B 30 ik
53 SRR I, 28 [] — T AR 6 73 1) AR O Ao 20y ik o 2 22
FRAS [ 1A Rk 2L 3 ik s (unruptured aneurysm, UIA) . 5
AN 1A 28 kR (ruptured aneurysm, RIA) | Frf 4
JCH] LTRSS SRR A s AL Mo (R B AR 1), 3
BE CTAWE W 1. R, 32 A A ST R ] — i
AR A ?ﬁﬁ]ﬂﬂ((superﬁcial temporal artery, STA) b4,
K295 mm, FHEAEE, T -80 Cokitipy . 75 I
TAJE S, b OBE T 78 O/ o 4 T8 4 Je P R i T 5
kR TR =20 Z— 8 (1~2 mm) (1 1) o HIA
[ 5E A7 T-80 “CUKAEN o FIrA FEAR 2 i BE LR 258
— B B g 5 2 48 B 2 B 2% o 41 (i - 20170214~
73) A EEEFNERES.

R1 BERBAREER

x| R4 CTA %1 BLAE S HA KR KA AL
5 45 PR % K Sk SNy & RIA \UIA #= STA Pcom+ MCA
%5 50 R % K kTG % R RIA \UIA #= STA Acom+ MCA
5 53 RN % K kTG ¥ RIA \UIA #= STA MCA
eS 46 R % KB & R R R RIA [ UIA #= STA Acom+ MCA
=S 49 FRA % K kT & o B RIA \UIA #= STA Pcom+ MCA
ES 55 RN % K kTG W RS RIA \UIA #= STA Acom+ MCA

RIA, # 3L Zh k95 ; UIA, R a8 2L 3 Bk 7% ; STA , H 3% 3h Bk ; Peom , J& 338 3 ik ; MCA , K& P 2h Bk ; Acom, BT 338 3 ik

1.2 ERFERXF

TRIzol i#57 4 F & E JL 78 (Invitrogen ) A& fiy i AR A PR
23w RT-PCRAH & W A R 5 AR AR Y ARAT IR A H]
QIA quick PCR Zlifk i & & i PCR %644k} (LightCy-

cler 480 SYBR Green I Master) i H ¥+ ROCHE A &), |
T K 254 IR |, COL3al fLPt (ab184993, 11500,
150 kD) JNK %471 (ab199380, 1: 400,44 kD) .MMP2 f$ii
(ab86607, 1:500, 74 kD) W [ L 1841 (Abcam F 1) 52 5)
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E1 #2850 CTAFK b AR

7 PR & , Fibronectin % BT (sc—8422, 1: 300, 230 kD) 1
Laminin 37 (se=101517, 1: 500, 43 kD) g [ 3% 75 &
(Santa Cruz) 4= W) A ( 1) A R A A, VEGF B 5T
(V4758,1:400, 55 kD) #1 bFGF %4t (F3393,1: 500, 17.5
kD) H 32 [# Sigma /A 7], Goat Anti-Mouse IgG Fl1 Goat An-
ti-Rabbit IgG 756 41y A 3¢ [ LI-COR A H] .
1.3 XX EERFERBEEEHERL (qRT-PCR)
JH TRIzol i 7] M 3l Ik #£ 7% v £2 B &L RNA, A RT-
PCRXHI & A B cDNA, FH QTA quick PCR 4k ia{ 5] & 46

k. FH LightCycler 480 52 PCR X 3 Fp&b #4414 (COL3al |
Fibronectin F1 Laminin) .2 F il & 4= 1% X 7 (VEGF F1 bF-
GF ) F1 2 Ffi L J5 25 4 g (JNK A MMP2) 1) mRN A 7K (1) 3%
TRE RGN . 27 R AT mRNA ZKOF (1 2R 56
HEAT B AT, 51 L3R 2, B-actinfE NS HRF . I
FRJF 195 CHNFA 15 min, 55 EHF : 95 ‘CAEH: 105,58 °C
Bk 208,72 CHE20 s, AR R - 2% SN Vi A5 W 10
pL; 5147 (10 pmol/L) V& 5 % 1 wL;eDNA 2 pL; TR
K7 Lo BAMEEARTEE 3K, WSEH K GAPDH.

%2 qRT-PCR3|#F7I

HEVE 23 31475 (5'-3") 7= % JE Ibp il

Homo Sapiens—COL3a1-1iE &) CGCCCTCCTAATGGTCAAGG

161 NM_000090. 4
Homo Sapiens—COL3a1-A 1) TTCTGAGGACCAGTAGGGCA
Homo Sapiens—Fibronectin—1E 15 CTGGGTCTCCTCCCAGAGAA

170 NM_212474.3
Homo Sapiens—Fibronectin— & 18] GAGAGCTTCTTGTCCTGTCTT
Homo Sapiens—Laminin—JiE 15 AGCTGATGACTGTCCTTGCC

176 NM_005559. 4
Homo Sapiens—Laminin— 1] TGTGTAGCCTTGCGGACATT
Homo Sapiens—-VEGF-1E 5 AGGCCAGCACATAGGAGAGA

175 NM_001025368. 3
Homo Sapiens—-VEGF-R_15 ACGCGAGTCTGTGTTTTTGC
Homo Sapiens—bFGF—iE 15 GGGTTTCCTGGTGTTTCCTCTG 188 104513, 1
Homo Sapiens—bFGF—& 18] CTGCTGCATTAGCCAAGAACT ’
Homo Sapiens—JNK JE 15 TAAAGCCAGTCAGGCAAGGG

136 NM_001323326.2
Homo Sapiens—JNK-& 15 TGGCTGGAGCTTCTGCTTCAG
Homo Sapiens—-MMP2-E &) GCCAAGCGTCTAGCAATACC

190 NM_001302510. 2
Homo Sapiens—-MMP2- & %) GTAGTTGGCCACATCTGGGT
Homo Sapiens—GAPDH-2-iE 15 GACAGTCAGCCGCATCTTCT

104 NM_002046. 7

Homo Sapiens—GAPDH-2-K 15

GCGCCCAATACGACCAAATC

1.4 MEEHEQ . EREFHEREBEERN Western 2
blotting & 7l

HER

2.1 ZEMERELEARRARTHREFR

RIPA ¥L 42 B B H LU E 1,30 pg S H LA,
PVDF 56 ), 5% B k3 B 1 h, M 25 F0 3 1 LA AR
[K F F1 2 3 25 1 1 — L el GAPDH R HT(1:500)4°CHE
AR, —He(1:5000) FHRAE 1 h, Odyssey LA CHH
WAL
1.5 ZitEH%

K 1 SPSS 13.0 #8447 e it 40 A, i = BUE LAY
Bebr il 22 (v + 5) Fon , Z4LR TR R O 225
Mr, LA P<0.05 B 22 5B Gt # 5 o

COL3aul : NC Hfv AT DL B ) 22 35 2571, RIA TR &3k 7K
AR (K 2-A) . Fibronectin: RIA W /R 7K - 263K, T
1E UIA I NC H R 3A 7K P2 AR (B 2-B) o Laminin: 5 Fi-
bronectin B F 35 7K A B, NC A7 0] WL /K SE £ ik . UIA
FIRIA 1) 2l Bk 9 BE A5 A th & 38 % 20 FEAIK (& 2-C) .
mRNA KRR S5 A KRB HIEA—B(F£3 4),

2.2 MEAEAKEFERRNKARPHRIEER

VEGF: 7€ RIA H1 357K P55 5, NC T UIA Hh R ik 1)
55 (F 3-A) . bFGF: 7E RIA H () A HLE 5 VEGF AL
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%3 COL3al.Fibronectin #1 Laminin & 85 &R A 1B %4 COL3al.Fibronectin ¥ Laminin R 3 KA 2
(n=6,x +s) (n=6,x +s)

&4 RIA UIA NC F{i PMa AR RIA UIA NC F1i PL
COL3al  0.3620.047% 0.68+0.07% 0.87+0.09 5.421 0.014 COL3al 7.52+2. 477 11.32+1.75 13.51+1.23 4. 1320. 033
Fibronectin 1. 01+0. 01® 0.54+0.12  0.3520. 14 3. 154 0. 043 Fibronectin 12.31+1.33Y2  6.54+2.67  4.65+1.54 3.9870. 024
Laminin 0.16+0.017% 0.43+0. 112 1.2420. 13 4.578 0. 007 Laminin ~ 10.78+1.79%% 13.67+1. 82% 17.89+1. 99 4. 2140. 009
EARIER | PR G AT R EALER B S GAPDH &1 ARk, B i2: (D5 UIA 41345, P<0.05;2)%5 NC 413t 4% , P<0.05,

A BAREG £i5 %, D5 UIA 41k4%,P<0.05;25 NC 41 bkéx , P<0.05,

]l 2 345 6 1 234 5 6 1 2 3 45 6

11 1 e e~y i s i

RIA UIA NC

A:COL3al Z [1(Western blotting) ; B: Fibronectin 2 [1 (Western blotting) ; C : Laminin & [ (Western blotting) ; D: GAPDH Z& [] (Western blotting) ;
1~6 23 6 Bl LA B BKAEAEAS 5 RIA - 8RB BRIET 5 UTA - ARAEZRE S BRIE 5 NC - 3B Sl bk I 3 B
B2 #MEaEshkgailie by kil T

1 2 3 4 5 6 1 2 3 45 6 1 2 3 4 5 6
A VEGF W — N N

RIA UIA NC

I e ) ey o . o S e

RIA UIA NC

A: VEGF 1 (Western blotting) ; B: bFGF #& [1(Western blotting) ; C: GAPDH & [1( Western blotting) ; 1-6 3 6 {4 /5 N Sl BRI FEAS . RIA : i %!
BRI 5 ULA : AR S o s NC « 350 2 B 1 iR
B3 haFARERKEFEDRBHLRRPHEETNR

UTA F A K- iR (1 3-B) o mRNAKIEEIESHEHFR %5 VEGF5bFGFEAREER (n=6.,x + 5)
A —E(FR5.6). £y RIA UIA NC FIE PAE
2.3 EREOBEARZIKAADHRIEFER VEGF 0.5620. 12"  0.10£0.01%  0.21+0.05 4.645 0.009

0]

INK: 78 RIA H ) 2 57K - J5c 85, NC FTUTA Hh i ik DHGH ORCCCORON
S I i e _ . EARIER | PR G &, BAT R, 285 GAPDH #4448k, Bp
AP, (L ﬂjwﬁigi%%L( fa-a) MMPE H{ERIAAING A BiFEakikE, D5 UIALILE,P<0.05;2%5 NCALILE, P<0.05,
MR 2R K K F 5, UTA o 3 3k K 5% (1 4-B)
mRNA KRB H5HE AR BEBIEARHATT (£ 7.8).

0.11+0.02%  0.55+0.18 3.575 0.028
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%6 VEGF 5bFGFHIHXRIAER (n=6,x +s) £7 INKHMMMP2HEARIEER (n1=6,x +5)

AR RIA UIA NC FAL PAA G RIA UIA NC FAL PIA

VEGF 25.14+4.417% 7.82+1.81%  4.61+2.37 4.511 0.008 JNK  0.84+0.08"® 0.21+0.06% 0.11+0.03 4.513 0.006

bFGF  30.31x6.317% 8.11x2.33% 14.33x2.71 4.017 0.012 MMP2  0.91+0. 117 0.2420.03% 0.88+0. 12 4.546 0.009

i2:(D5 UIA 41038, P<0.05;5 NC 4Lk 3, P<0.05, EARIEE | PR S0 BT R S5 GAPDH S dAat, By

A BAFEG L%, D5 UIAE,P<0.05;@5 NCLILEL, P<0.05,
*8 JNKFIMMP2RIHEIIRIEER (n=6,x + )

WFFE LW, 1 A R 2 5 e ) R 5 Bl ko O B,

E-N ) RIA UIA NC F1i P

JNK  22.3323.66%2 8.55+2.45  6.41<1.13 4.632 0.007 o7 V8 Y A ¥R R RE Y 2 AL A (R & VEGF A1 bF-
MMP2  22.17+2.937  5.15+1.962 24.15+6.78 4.843 0.005 GF™2 | VEGF J2 Ifil 4% 18 2 M 09 T B8 1 1, B
.(D5 UIA 4342, P<0.05; 25 NC 2L 4%, P<0.05., 15 T O ET 4 40 A S VLN B RS I bFGE, bFGEF 5

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
VNG e — e e s |

RIA UIA NC

RIA UIA NC

A JNK ZE [1(Western blotting) ; B: MMP2 # [1(Western blotting) ; C: GAPDH 2K |1 (Western blotting) ; 1-6 4 6 515 Y S kIR AEA . RIA 2 5)
JVICIRE 5 UTA = A 24 B kIRa s NC 37 2 Bk I 5 ) B
4 HIRFE G BB ARG B AL AR ey R ORI L

3 e VEGF W FAE A, it — B MM S5 EA . X240

58 & B, COL3aul 1728 53 1 RE 2 TA 1938 4% f 1K T A PR 19 L R R I T O R R 4 SE R M ()
Y COL3al 4 F I 45 (4 45 F A D) BE oE 4 M B ¢ RN FEARBEGE A, B AT 6 6 TA HE 24 3l ik b
gElsel B TA KR BESY, A RE 4L SR EE R & Ak VEGF Fl bFGF ik it R B T e % . VEGF 7ERE %4
AR, FEARBFFE, COL3al 78 1 — A 24— 24 1y 4 BE By sh kg BE i ik int s . 5 VEGF BTSN IR] , AR i3
B2 IR B WEES , $278 COL3ad Y8/ S i T 2 JhkoJd 2 i Fn B 2 [k IR BE bFGF FA) 363K B (2 55 1 15 % 1A B |, X S51E &
L BEF AT I 7™ AR, W REAE I — A~ TA & R [V fEAR TUHA A AH 5, 7T figJ2 bFGF B8 T VEGF /E H T 3h ik g i 4

i/ BERY A, S B kR i 245 S VE S N bFGE 4 E T .
Fibronectin A1 Laminin 3¢ 35 T Ifll & BE A9 K IS P8 INK J& T MAPK 15 5 S 90 s g — 28 H %

HTST S O o f A B AR M AR R AR R, B S A TS AR BRI 4. Laukeviciene
ST JIUJZE o0 245 1048 BE 25 K 1) S8 M0 Fibronee- 280456 78 NS s K& b s KULZ 40 i 98 T f
tin £E I AR BRI AR B BE A7 S UL, 10 Laminin fEJ8CGR A BERR AL INK A3 BE R TR o SRR A ) INKGE 2% A E
Bricd ER AL, BFFEERM, Laminin 230 IKIIE O FEARSMD7 1k T IR J2 S bR IR 8, i EL7E /N BRUIE B Sl ik
ZLIEJTHE 2 — , 1 Fibronectin JE AR WL 09 L 2L SRIAOBIRL b S BOE SO 2 R &7 . MMP2 & T B i
U 17" . Laminin/Fibronectin LU il 53 W REJ2 S 80 W, (L5 LT 4400 WA 1 40 P V8 LA i 0
P Bl RO AE Y SR 22— AR R L TR LA RE | S5 240U A5 A A 194 22 ol AS () 21 TR ) 240 JR AT T PO T T
R RN L 51 JDkoJed BE 2 1] , Laminin 2 3K i 1220 9 20 25 T IEH 8O BEVE ECM Y 5 3 AN A A it #E . ©HIE
M} Fibronectin #& ik it 4 il , P38 B BAMIR 38R S MMP2 2 5 1 ) BiCoR i 95 B2 722 . 3 Bk R 3
Laminin/Fibronectin FLAIIFER , AT BEA T 1 1A A9 MM P2 ek J3£ 3 1% FT 400 i A Bl 50 Jk B 445 ) 1) T AR 01 30 Jik g
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TR AR AR MR R B INK 3R 3k 5Bl 20k
T HERE , S B A B AT AL, LT VEGE Al Fi-
bronectin 22 ik A 2, #& 7R INK 7] BE i 1 17 45 VEGF 52 i
Fibronectin i35 , {2 2 iR 2L . 10 MMP2 7E1E 7
178 BE v 3Rk ey, B IR S AR i S 3 L 5
ZHTEA B AR AR L

R T AR TA BRI AIBET 3, 765 17K 7 AR 5 1Y
) KR AL A ML TR K A B T S92 3L T DA 0 g ) R s
FTRBT o A5 AP B0 K 45 #4921 1 A8 oA B AR A
T FE T R — A5, LA a3 BT PN Bl ke i 2
R oA A AR, 0T Sy i o 2l kR 08 L2 R
B AIF S BE5E 701 kAl

2 % X B

(1] o O o e 5 8 o Al o 4 5 2L . o I P A5 9%
Al 2020 BEZZ]. P EJEFRALR, 2021, 36(6): 521-545.

[2] BEDERSON JB, AWAD IA, WIEBERS DO, et al. Recommenda-
tions for the management of patients with unruptured intracrani-
al aneurysms: a statement for healthcare professionals from the
Stroke Council of the American Heart Association[J]. Stroke,
2000, 31(11): 2742-2750.

[3] WIEBERS DO, WHISNANT JP, HUSTON J 3rd, et al. Unrup-
tured intracranial aneurysms: natural history, clinical outcome,
and risks of surgical and endovascular treatment[J]. Lancet,
2003, 362(9378): 103-110.

[4] CONNOLLY ES, SOLOMON RA. Management of unruptured
aneurysms[M]//LE ROUX PD, WINN HR, NEWELL DW. Man-
agement of cerebral aneurysms. Philadelphia: Saunders, 2004:
271-285.

[5] SCHIEVINK WI. Intracranial aneurysms[J]. N Engl J Med,
1997, 336(1): 28-40.

[6] STAPF C, MOHR JP. Aneurysms and subarachnoid hemorrhage
- epidemiology[MJ/LE ROUX PD, WINN HR, NEWELL DW.
Management of cerebral aneurysms. Philadelphia: Saunders,
2004: 183-187.

[7] GREENBERG MS. SAH and aneurysms[M]//GREENBERG MS.
Handbook of neurosurgery. 5th ed. New York: Thieme Medical,
2000: 754-803.

[8] JOHNSTON SC, SELVIN S, GRESS DR. The burden, trends,
and demographics of mortality from subarachnoid hemorrhage
[J]. Neurology, 1998, 50(5): 1413-1418.

[9] HALLORAN BG, BAXTER BT. Pathogenesis of aneurysms[J].
Semin Vasc Surg, 1995, 8(2): 85-92.

[10] KASSAM AB, HOROWITZ M, CHANG YF, et al. Altered arteri-
al homeostasis and cerebral aneurysms: a molecular epidemiolo-
gy study[J]. Neurosurgery, 2004, 54(6): 1450-1460.

[11] KATAOKA K, TANEDA M, ASAI T, et al. Structural fragility
and inflammatory response of ruptured cerebral aneurysms. A
comparative study between ruptured and unruptured cerebral an-

eurysms|J]. Stroke, 1999, 30(7): 1396-1401.

- 19 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

KASSAM A, HOROWITZ M, CHANG YF, et al. Altered arterial
homeostasis and cerebral aneurysms: a review of the literature
and justification for a search of molecular biomarkers[J]. Neuro-
surgery, 2004, 54(5): 1199-1212.

VINUELA F, MURAYAMA Y. Experimental aneurysms[J]. J
Neurosurg, 1997, 86(5): 914-916.

YONEYAMA T, KASUYA H, ONDA H, et al. Collagen type I al-
pha2 (COLIA2) is the susceptible gene for intracranial aneu-
rysms[J]. Stroke, 2004, 35(2): 443-448.

HAN SC, WANG Z, LIU ]N, et al. miR-29a-3p-dependent
COL3al and COL5SAI expression reduction assists sulforaphane
to inhibit gastric cancer progression[J]. Biochem Pharmacol,
2021, 188: 114539.

HU PF, WANG TJ, LIU HM, et al. Full-length transcriptome
and microRNA sequencing reveal the specific gene-regulation
network of velvet antler in sika deer with extremely different vel-
vet antler weight[J]. Mol Genet Genomics, 2019, 294(2):
431-443.

CARMELIET P, FERREIRA V, BREIER G, et al. Abnormal
blood vessel development and lethality in embryos lacking a sin-
gle VEGF allele[J]. Nature, 1996, 380(6573): 435-439.

KILIC T, PAMIR MN, KULLU S, et al. Expression of structural
proteins and angiogenic factors in cerebrovascular anomalies|J].
Neurosurgery, 2000, 46(5): 1179-1191.

DOLHIKH HV, MASLAK HS, DIDENKO VI, et al. Levels of
isoforms of fibronectin and a5/CD49¢ integrin on lymphocytes
and in blood plasma in the conditions of chronic diffuse liver dis-
eases|J]. Regul Mech Biosyst, 2020, 11(4): 475-482.

ZHANG K, YANG PP, HE PP, et al. Peptide-Based nanoparti-
cles mimic fibrillogenesis of laminin in tumor vessels for precise
embolization[J]. ACS Nano, 2020, 14(6): 7170-7180.

POLLARD SM, PARSONS MJ, KAMEI M, et al. Essential and
overlapping roles for laminin alpha chains in notochord and
blood vessel formation[J]. Dev Biol, 2006, 289(1): 64-76.
SATALA D, SATALA G, KARKOWSKA-KULETA J, et al.
Structural insights into the interactions of candidal enolase with
human vitronectin, fibronectin and plasminogen[J]. Int J Mol
Sei, 2020, 21(21): 7843.

GVOZDEV NS, VYKHOVANETS EP, LUNEVA SN, et al. Spe-
cific dynamics in vascular endothelial growth factors (VEGF) in
blood of patients with vitamin D-resistant rickets during correc-
tion of multiplanar deformities of lower limbs[J]. Genij Ortope-
dii, 2020, 26(1): 37-43.

YAMAMOTO N, OYAIZU T, ENOMOTO M, et al. VEGF and
bFGF induction by nitric oxide is associated with hyperbaric ox-
ygen-induced angiogenesis and muscle regeneration[J]. Sci Rep,
2020, 10(1): 2744.

AZARPIRA N, KAVIANI M, SARVESTANI FS. Incorporation
of VEGF-and bFGF-loaded alginate oxide particles in acellular
collagen-alginate composite hydrogel to promote angiogenesis|J].

Tissue Cell, 2021, 72: 101539.



BT, 55 AT E . AN 7 FIRE R A7 A sl Dk il 2t e P Y

2022,49(3) FIBAEI S http://www.jinn.org.cn
[26] LAUKEVICIENE A, BRECHT S, KEVELAITIS E, et al. En- molecules, 2021, 11(2): 194.
hanced contractility of small blood vessels in JNK knockout mice [29] LIK, CUI MZ, ZHANG KW, et al. Effect of miR-21 on rat tho-
[J]. Eur J Pharm Sci, 2006, 29(5): 335-339. racic aortic aneurysm model by regulating the expressions of
[27] GE XB, YANG QF, LIU ZB, et al. Mechanism of fisetin inhibit- MMP2 and MMP-9[J]. Eur Rev Med Pharmacol Sci, 2020, 24(2):
ing oxidative stress to alleviate the damage of blood brain barri- 878-884.
er, around the intracerebral hemorrhag lesions|J]. J Biomater Tis- [30] XUT, WANG SS, LI X, et al. Lithium chloride represses abdom-
sue Eng, 2020, 10(6): 862-867. inal aortic aneurysm via regulating GSK3B/SIRT1/NF-kB signal-
[28] ANDREUCCI M, PROVENZANO M, FAGA T, et al. Aortic an- ing pathway[J]. Free Radic Biol Med, 2021, 166: 1-10.
eurysms, chronic kidney disease and metalloproteinases[J]. Bio- AT TR

«20 -



