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Abstract: Objective To investigate the relationship between serum angiostatin(Ang) , tissue inhibitor of
metalloproteinase 3 (TIMP3) levels and B-amyloid (AB) deposition and cognitive function in patients with
Alzheimer's disease (AD). Methods A total of 143 AD patients treated in the hospital from January 2020 to
May 2022 were enrolled in the study as the AD group,and 55 healthy people who underwent healthy examina-
tion in the hospital during the same period were enrolled as the control group. The serum levels of Ang and
TIMP3 were measured using enzyme-linked immunosorbent assay. Pearson/Spearman correlation was used to
analyze the correlation of serum Ang and TIMP3 levels with -amyloid protein (AB)1-40,ABR1-42,total Tau(t-
Tau) ,phosphorylated Taul81(p-Taul81) levels and mini-mental state examination(MMSE) scores in AD pa-
tients. Receiver operating characteristic curve(ROC) curve was drawn to analyze the diagnostic value of serum
Ang and TIMP3 levels for AD. Results The serum levels of Ang and TIMP3 in the AD group were signifi-
cantly lower than those in the control group (P <C0. 05). Pearson/Spearman correlation analysis showed that
serum Ang and TIMP3 levels in AD patients were negatively correlated with AB1-40 levels (r = —0. 446,
—0.465,P<C0.05) and MMSE scores (r=—0.558,—0.607,P<C0.05) ,and positively correlated with AB1-42
levels (r=0. 443,0. 437, P <C0. 05) , but had no significant correlation with t-Tau and p-taul81 levels (P>
0.05). ROC curve analysis showed that the AUCs of serum Ang and TIMP3 levels alone and in combination
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for the diagnosis of AD were 0. 798,0. 793 and 0. 901, respectively, the sensitivity were 96. 50% ,67.13% and
74.13% ,and the specificity were 56. 36 % ,80.00% and 90. 91% ,respectively. The AUC of the combination of
serum Ang and TIMP3 levels for the diagnosis of AD was greater than those of the two used alone (P<C
0.05). Conclusion The decrease of serum Ang and TIMP3 levels is related to the decline of cognitive function

and AB deposition in AD patients, which can be used as auxiliary indicators for the diagnosis of AD,and the

combined detection of serum Ang and TIMP3 levels can help to improve the diagnostic efficiency of AD.
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" FIR R A Spearman #2543 M7 . H A 48 #5 5k FI Pearson #l ¢
ST .

2.3 1f{F Ang TIMP3 KP4 AD 1912 Wi i {5 70 #r

ROC £/ #7 B7s « I3 Ang . TIMP3 /K- H050 [
BA M T AD 219 AUC 4331 0. 798.0. 793,

0.901, I 7% Ang.TIMP3 /KA H T AD 2K 1)
AUC K FH I T AD 2 (Z=3. 715.3. 757,
¥ P<0.05), LR 3K 1,

100

80 -
@
S 60
1
R 40 Dhng
y @TIMP3
20 - QZ&KE
@sEL
o 1 1 1 1
0 20 40 60 80 100

100-45 55 (%)
1 & Ang TIMP3 K F BRI EBEH T AD 2 #f
) ROC ph &

3 & Ang TIMP3 K EBRIEEA AT AD S BT &

iR AUC 95%CI TR 7 (. RAE D TS E D EARE R
Ang 0.798 0.735~0. 852 28. 34 pg/mL 96. 50 56. 36 0.529
TIMP3 0.793 0.730~0. 847 0.48 ng/mL 67.13 80. 00 0.471
THBA 0.901 0.851~0.939 - 74.13 90. 91 0. 650

T — RN IR TR .

3 i

AD P i F i UL B L 2015—2018 4R Ry 43t
FOE R T E =60 2 AREH B R E L4 1 500 FF
. Horf AD f % 983 5 4L Wit #2050 4F Ik
AD R FHEHEINE 2100 J7 41 B4R IR % K B &
3320 fZTE NIRRT W i kb s R e ok JE 1L B
F AR 22 43 R 5 268 JEL 6 95 I 40 o) ) R 2 0K
S 4 I 455 48 40 IR 2 MRS B0 R0 B 52 L AD B 3 I PR E
RAF ARG H i F AD &% HL i A L B 1Y
25 PR A 25 AT B % A RE A A PHL 1L SR AE 2% AD 924
Pt L R BT AD B9 & R Lk R HLER R B RGBF 5
PRy G

NN AN o

FUAT A BIF TSN 0 - AB B R 4T & T R b I RUE
JCRSE R R 2 BB CE AR B AT B2 R 1K Tau 3R
15 SO b 22 2F 2 20 QO AD 1 15 R 0 B R

ABI-40 AR1-42 J& AN AR fie 8 WL WA IE B . AD
B ABL-A0 FEAL AT ARL-42 T S B ki P9 ¥E b BF 2R
FIULRYY . p-Taul8l J& Tau &K [ M BB LIE R 2
—t-Tau B H Tau 8 HRENR . AD S5 1
i tTau,p-Taul81 JKF-Ft i e ik Tau 8 1 o BE 9 R
B AR BF ST . AD 4 I 3% ABL-40., t-Tau. p-
Taul81 7K 5 T X B . ABL-42 ZKPIL T X7 B4 7%
A AD BE W FERE . A WFSE R I I A R A
ATRESE AD &A= i EE IR, i I A A BRO6) OK i o RE
BOCH T, SR L AR BUR BT LS A B R IR 2
ok T DA il I 78 %of 2 4 B 4 A 1 ) 5T T R e 0 L A
W2 w5 TR B BN IS R SR L 2 2 AD
KA R JEY . Ang S — Bl D\ 2T U I R 2 A% 10 R Y
DA ISR I8 A s o 500 AT 3 e B S i AR A e R B B
B AR S T Ang B0\ A J2 B il 0 48 A6 B A0 A2



[FAin B e’ 2023 48 2 A % 44 %% 4 3 Int ] Lab Med,February 2023, Vol. 44, No. 4 e 419 -

BHLHT . 7E KRB AD B L 3 Ang fE WD/
JI58 J5 40 6 345 22 i R0 28 003 A1 R B R i
AT Ang KPR 3 AD R FUBE R (A 0 pE AT
A+ Ang 5 AD 16 R M AR, AN 584
B8 AD BF M Ang /KF B B AT, IF 5 ABL-40
KA. 5 ARL-42 /K R IEAH L. X AD
BHIMTE Ang KF-FEALTTRE 5 My AB VT RLA &,
Sy BT IR - Ang VB Ry 410 il 10 45 A i A R, R
IRREAR AT 50 AD S8 3 i P I A8 A= A I B 1R
AR IR S B AR WURL A 1 W T BR AR Uk
PS5 AD KB, el —UHE STt 2 B L I A A
J T 9 2 400 Bl PG R 2 B A 1 2 ol R g AR
AD /N BRI A8 AR G 4 O B R oS A M L Bl 3
AD /NEURI N AR LN . Tau & A i # R 1k 5 5
) AD HoH Mg gl g8 &k T R4S . i
Ang EAEAE I T W L4 3% i BE T AD B I
Ang /K F 5 tTau, p-Taul81 /KFJC B & AH &Py
MMP JE—41 % # Zn®' (18 H K i B . JL-F e F%
fiff 2 B 471 5 B v 0 45 R A3 L AR AL BUE K B
Y N A R R ARAE Y. A SN . MMP
IR TE P 4 R 40 h k¥ 2R L, MMP2, MMP3
MMP9, MMP13 #] it 2 5 AD i B 2k 5 5 f250,
TIMP3 1§25 MMP ) KSR 5, g5 #4~ MMP JE
B BH BT MMP 36 P07 05 09 559 - il MMP 4y 51
B K H A e 2L 10 ) MMP 36§25 AD
KRB A ST, VEGF 24 A &z 40 i
PRE AT 22 2 BB 25 6 A8 W e AR KR ) B
55 91 o B 4 A %Y . TIMP3 55 VEGF I
VEGF2 tf 5 4E F I REID 6 — 3 A 5 5942 1 4 A= sk
B, BETERFSE R WL VEGF2 25 AD 3 L4 4
At B R BT ¥R TIMPS Al fig 5 AD 4
%o SR H TIMP3 5 AD W& &R i AN, A
Mo 4 1 B oR . AD B I E TIMP3 /K S0 i F A .
5 ABL-40 /K5 A, 5 ABL-42 /K B IE Ml %
XHE/R AD B I TIMP3 /K F B AIK AT g 5 ik 4
ARVTRE K. i A . TIMP3 fE 5 MMP (1) 417 il
. AT AR L A MMP 2 5 AD g Bt f2 . BF 98 &
. MMP2 . MMP9 fg [ fif AR, 5 B0l N AR UL FL 4
I AT R B AR TR B R 4 N VE A I
B WS bk b MMP9 55 TIMP3 %3k 4 fi5 .
[ B, TIMP3 7] ] VEGF 1 VEGF2 4 5 42 i 45
AR R TIMP3 38 A fig 3l o 3 1 i 4 2
W25 AD i &, (HiB A 5 £ 0 iF 58 ok I 5.
TIMP3 & F g L4 . LA W58 F AD B3 I iE
TIMP3 /K5 t-Tau.p-Taul81 7K ¥ JC B B 4H %4 .
MMSE $F43 2 I R 5 G AD & A AT T REPEAL
XL AHFSE B AD B #F MMSE ¥4 B & B AL, #25

AD BEF7E W B AR T RER . Xt 5 AD B3
I R R LA A5 . ARF5E & B, AD BB H L3 Ang.
TIMP3 /K ¥ 5 MMSE # 43 8 1F A 5%, X $2 7~ 1 3%
Ang . TIMP3 /K F-FEALS AD BEINFIThEE T A
Ko HJEABGE 26 ROC i & FE M i Ang.
TIMP3 X AD ()2 Wi th {6, 45 B & B ¥ Ang,
TIMP3 /KF- 5350 R B4 FHF AD 2l AUC 43 5
A 0.798.0.793.0. 901, —FE AW AUC & F_#
B AD 2 W, UL I 7 Ang. TIMP3 7K - 68
£ AD 2 S B 48 b5, B - F B & Re1ETH AD 2

25 iR, Ang. TIMP3 7 AD 3% 1 3% K F
FeAl . 5 AD BE NI RE T M AB DUAUA 5, Al {E
o AD BBz Wide br . —EBEG RRIE T AD 2 Wi RE .
A FE R BB 38 T HE— 2 B IR A AT £
LR [AEE, 56 F Ang TIMP3 2 5 AD gy HLiil i
A Rk — 2 i 5%

S % 0k

(1] ERBAEMREZEINAT. R 56 B 191297 B (2020
EROLT]. AR F IR 5 #F -2021,19(1) 14-6.

[2] TATARYN N M,SINGH V.DYKE J P,et al. Vascular
endothelial growth factor associated dissimilar cerebro-
vascular phenotypes in two different mouse models of
Alzheimer's disease[J]. Neurobiol Aging,2021,107:96-
108.

[3] YANG A C,VEST R T.KERN F,et al. A human brain
vascular atlas reveals diverse mediators of Alzheimer’ s
risk[J]. Nature,2022,603(7903) : 885-892.

[4] HELGELAND E,PEDERSEN T O,RASHAD A,et al.
Angiostatin-functionalized collagen scaffolds suppress an-
giogenesis but do not induce chondrogenesis by mesen-
chymal stromal cells in vivo[ J]. J Oral Sci,2020,62(4) :
371-376.

[5] WALKER K A,CHEN J, ZHANG J, et al. Large-scale
plasma proteomic analysis identifies proteins and path-
ways associated with dementia risk[J]. Nat Aging,2021,
1.473-489.

[6] CABRAL-PACHECO G A, GARZA-VELOZ 1, CAS-
TRUITA-DE LA ROSA C, et al. The roles of matrix
metalloproteinases and their inhibitors in human diseases
[J]. Int J Mol Sci,2020,21(24):9739.

[7] HARRIS R, MINERS JS,ALLEN S,et al. VEGFRI1 and
VEGFR2 in Alzheimer's disease[]]. ] Alzheimers Dis,
2018,61(2) :741-752.

(8] o[ L 5 1A 1 e % 5 A 4 oy (] 2 01 p 2 1 22 A ) 2
U 43 2% DA RN B T 58 5 %2 )k 28 B3 2% 2018w [ i 8 5 A A
BEF ISR R (2D BT/R KRB 2 dem ()], A =
#5,2018,98(13):971-977.

[9] FOLSTEIN M F, FOLSTEIN S E, MCHUGH P R."

Mini-mental state": a practical method for grading the



. 420 -

[T dn B e’ 2023 48 2 A % 44 %% 4 31  Int ] Lab Med,February 2023, Vol. 44, No. 4

cognitive state of patients for the clinician[]]. J Psychiatr
Res,1975,12(3) :189-198.

[10] JIA L,DU Y,CHU L,et al. Prevalence, risk factors,and
management of dementia and mild cognitive impairment
in adults aged 60 years or older in China:a cross-sectional
study[ ] ]. Lancet Public Health,2020,5(12) :e661-¢671.

[11] CLAY E,ZHOU J,YI Z M, et al. Economic burden for
Alzheimer's disease in China from 2010 to 2050 :a model-
ling study[J]. ] Mark Access Health Policy,2019,7(1):
1667195,

C12] ATk, BEMG , s 2, 4. op [ BT JR 2% 18 3RO 4R i 2021
[J]. Wi iR 15 52 8. 2021, 20(4) : 317-337.

(137 L FH . 22308, FAE VL, 45, W R I BRI N 8-V ¥ b
AU S MR B-VE MR A G B e L. e
E#50F %2 %,2021,41(1) :6-11.

(147 AR, ERE, & 7. 7R MR tau & H 5 I
FEHk R[], rp el 22 B AE . 2021,54(5) :528-53 1.

[15] KOTULSKA-KUCHARZ A, KOPEC-MEDREK M,
KUCHARZ E ]. Serum angiostatin and endostatin lev-
els in patients with granulomatosis with polyangiitis and
immune complex small vessel vasculitis[ J]. Reumatolo-
gia,2018,56(5) :285-288.

[16] RYU J K,LITTLE J P,KLEGERIS A, et al. Actions of
the anti-angiogenic compound angiostatin in an animal
model of Alzheimer's disease[ J]. Curr Alzheimer Res,
2013,10(3) :252-260.

[17] ZAREZADEHMEHRIZI A.HONG J.LEE J.et al. Exer-
cise training ameliorates cognitive dysfunction in amyloid
beta-injected rat model: possible mechanisms of An-
giostatin/ VEGF signaling[ J ]. Metab Brain Dis, 2021, 36
(8):2263-2271.

[18] SINGH C S B,CHOI K B, MUNRO L,et al. Reversing
pathology in a preclinical model of Alzheimer's disease by
hacking cerebrovascular neoangiogenesis with advanced
cancer therapeutics[ J]. EBioMedicine,2021,71:103503.

(197 fof 75 4 . 00 5 o WA L 45 Dk T 4 Jm 28 1 0 76 42 1 6 1 v
M WE e BE R [T ). PR 5 2% 35,2021, 50(8) : 155-157.

[20] ZIPFEL P, ROCHAIS C, BARANGER K, et al. Matrix
metalloproteinases as new targets in Alzheimer’s disease:
opportunities and challenges[J]. ] Med Chem, 2020, 63
(19).:10705-10725.

(217 sk BI5E AH R B KU 56 B N A K HF 20 2
2 A6 WL I 5T A 1048 R VR T TR i I S kR (T . AR
MR IS 9 2% &, 2021, 37(7) :562-566.

[227 QI ] H,EBRAHEM Q,MOORE N,et al. A novel func-
tion for tissue inhibitor of metalloproteinases-3
(TIMP3) : inhibition of angiogenesis by blockage of
VEGF binding to VEGF receptor-2[ ] ]. Nat Med, 2003,9
(4):407-415.

[23] DORANDISH S,WILLIAMS A,ATALI S,et al. Regula-
tion of amyloid-B levels by matrix metalloproteinase-2/9
(MMP2/9) in the media of lung cancer cells[ ] ]. Sci Rep,
2021,11(1):9708.

[24] JAKEL L, KUIPERI] H B, GERDING L P, et al. Dis-
turbed balance in the expression of MMP9 and TIMP3 in
cerebral amyloid angiopathy-related intracerebral haem-
orrhage[ J]. Acta Neuropathol Commun,2020,8(1):99.

[25] INOUE Y,ANDO Y,MISUMI Y,et al. Current manage-

ment and therapeutic strategies for cerebral amyloid angi-

opathy[ J]. Int ] Mol Sci,2021,22(8):3869.

s B 1. 2022-09-11 & 18] H 1] :2022-12-30)

CEHEEEE 415 D

(137 Z26] . X E A ) g4, 55 CTA 454 CTP A 2% Bl ifi
PRI A v TS A O (8 LT ], 26 b 5 4 5, 2019, 26
(4):415-418.

[14] MW, BT E L. %, 204 CTA BA CTP 1 &4k
BRIP4 A A e A A e T 2K RE 23 A LT . A i 42
BE 25 2% 75 .2021,33(7) :87-91.

(157 SRS 4R RA, VLFREE, 5. JE T CT v BUS PEAl 1 32
A8 B TE e ke L e i A e IO I S A B O e % A T
fhir BN LT ], A 22 PR 27 44 75, 2021,20(1) : 8-15.,

(167 EARS. f 15 T8 2 4. CT B v AR AT 2 ik kil 1
i A e i A T R AR e I 3 I 1 (B L 1. 52 I 2
$,2019,35(14):2311-2315.

[17] KAMRAN S, AKHTAR N, ALBOUDI A, et al. Predic-
tion of infarction volume and infarction growth rate in a-
cute ischemic stroke[ J]. Sci Rep,2017,7(1) :7565.

[18] CARUSO P, NACCARATO M, FURLANIS G, et al.

Wake-up stroke and CT perfusion: effectiveness and safe-
ty of reperfusion therapy[J]. Neurol Sci, 2018,39(10)
1705-1712.

(19 X Rk, Gk T, B 0. %, — a0 CT #E MR Bk &
CT 1% 1 S 78 Sl A A< b b g i LT ] AR 5
B£¥7 ,2019,25(6) :12-15.

[20] &y SHAR A8, X SC, 55 i 5 7 D Stk dofe i 1 o < o
BB S B B A LT, b 4R AR A, 2019, 39
(23):5663-5665.

[21] QIN C,ZHAO X L,MA X T,et al. Proteomic profiling of
plasma biomarkers in acute ischemic stroke due to large
vessel occlusion[ J]. ] Transl Med,2019,17(1) :214.

(22] J 5 &, R0 % SRT . 55 . [ I/ AR B 1 2 1 ) 2k e o
PERG A K12 W L)L M &40 5 Th g . 201813
(8):379-382.

Clicfiy B #1:2022-08-12 &[0l H #]:2022-12-28)



