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Cardiovascular disease has been among Taiwan's top three leading causes
of death. The challenge in the clinical setting is the inability to predict
high-risk groups for the disease early. Atherosclerosis is prone to causing
myocardial ischemia, leading to heart failure, and the formation is related
to macrophages engulfing lipids and forming plaques, causing local
inflammatory reactions. Clinical and animal models have discovered that
plaques are more likely to occur at bends or bifurcations in arteries. The
detailed mechanism of formation needs to be clarified. Therefore, this
project aims to use animal models to establish the spatial and temporal
distribution of macrophages and inflammation-related molecules in the
aorta. Isotope-labeled antibodies and APD drugs can be employed to
distinguish the distribution and morphological changes of cells and the
expression of inflammatory molecules in different stages of the disease.
Ultimately, we will combine artificial intelligence and animal model to
develop a platform for predicting the progression and severity of
atherosclerosis. The research’s findings include (1) The development of
an image analysis algorithm to quantify the area and proportion of
atherosclerotic plaques in blood vessels. This algorithm can be used to
analyze the progression of atherosclerosis and to validate the classification
of mild, moderate, and severe atherosclerosis in subsequent experiments.
(2) A comparison of the use of ’Ga-APD autoradiography and oil red
staining to analyze atherosclerotic plaques in mice. The study found that
%7Ga-APD autoradiography is more sensitive and specific than oil red
staining for detecting atherosclerotic plaques. (3) The use of image
processing and feature extraction to improve the accuracy of 67Ga-APD
autoradiography. We plan to establish a database of atherosclerotic plaque
images from mice in the future. Further use artificial intelligence to
automatically develop an image recognition system to identify
atherosclerotic plaques. The system designed in this project will be used
to build an artificial intelligence-based imaging system for the early
detection and diagnosis of atherosclerosis.This research has the potential
to revolutionize the diagnosis and treatment of atherosclerosis. The study
could help prevent heart attacks and other cardiovascular events by
developing accurate and efficient methods for detecting atherosclerotic
plaques.
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Oilred vs Autoradiography (Rate)

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18
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O Staining ZRERE - EEBLLRETHR(GR) - A
BEARREREZEE - KILEEE Autoradiography Z EITEEL R
RABERBREREE(LR)  AMRARBLEAAREEEZER -
Normal 7 38.071% ~ Mild % 22.146% - Severe 7% 44.237% -

Plaque Vessel Plaque| Vessel
No. Rate ||No. Rate | Label

area  area area | area
1 7827 | 27772 | 28.18% 1 2018 27772  7.27%| Normal
2 13374 28396 @ 47.1% 2 8333 28396| 29.35%| Normal
3 2749 | 17370  15.83% 3 52471 17370 30.21%| Normal
4 11595 | 40245 | 28.81% 4 20211 40245| 33.22%| Severe
5 3648 | 18276  19.96% 5 1653 18276 22.45%| Severe
6 3849 | 15754 24.43% 6 5233] 15754 27.01%| Mild
7 14732 1 45516 | 32.37% 7 10218 45516  32.4%| Mild
8 4807 | 24293 1 19.79% 8 6561 24293|  1.26%| Mild
9 18910 28916 | 65.4% 9 9368| 28916  9.04%)| Severe
10 3676 | 16616  22.12% 10 7760] 16616  46.7%| Normal
11 4358 | 15573 | 27.98% 11 7823 15573| 50.23%| Normal
12 2396 9432 1 25.4% 12 6100] 9432 64.67%| Normal
13 2495 | 14443 1 17.27% 13 5882 14443 74.1%| Severe
14 2143 | 12604 17% 14 25821 12604| 45.51%| Severe
15 3503 | 12538  27.94% 15 9290] 12538| 71.64%| Mild
16 6544 14379| 36.55%| Mild

21




B3

16
17
18

4996 14379 | 34.14% 17| 10966

4614 15306 | 30.14%
4362 10889 | 40.06%

15306

40.73%| Severe

18 3980

10889

20.49%| Severe

R EMBERAER - EEHE 4 B 8 BN - MIgRilo k&P

B EREME - ATMTREBHMNAR ¢

e Autoradiography : # 4 BIRBIPEIBENRBIRE - Frl2EH
% Mild A0 Severe FEERRYARE: - - BolBE A LTI ST IE M E

DA MEBELAEERR ; £ 8 BRNYIHENRS KA 2E
WEEARESE
e OilRed Stain : ABEEZF - Oil Red Stain 7£ 4 A1 8 BV HEHEE
NEEIBE ; BEIURERBEIEN  MREEZEHELR - ER
Eim] - BARNREREAX
C. BAZENEBEITESR -
a. FERRBRREB4BHEIVNE (IEEAR-BIH - £BEEE)

67Ga-ATP

Oil Red

86 Chow Diet 4 weeks (No. 1)

=2 = B8

%= 2 EE (Severe) -

B6 Chow Diet 4 weeks (No. 2)

86 Chow Diet 4 weeks (No. 3)

hoo{ 00 oo v
ks Bt L e a
boo 8 b 6 b o 2 T
;g? o 5 R
oo & 500 : koo
=
koo Lo
koo koo
feo
= N ;
C3 ti\' B a2
iy [
z 4
i g
I .
(3
T B0 %

IAEEME N - B6 NENEERENZERNER - 0JiBRED
ME BB METGEEE  BRLIRNUEERIRENER

EXE-3 i
b. EFEREERE 4 B ApoE ZERAZIFR/NE ( BMSmAER-BIHE -
T BRERER )

22




i3

ApOE KO Chow Diet 4 weeks (No. 4) ApOE KO Chow Diet 4 weeks (No. 5) ApOE KO Chow Diet 4 weeks (No. 6)
oo W 00 4, o 10 oo
o 200 L 200 20 oo e f oo % ? &
= & £
<F : oo ¥ oo 00 oo & oo
S v UM o o ™ m b :

9 % : &
© e koo 5 koo 0 fio0 %“ fso0

» oo - oo 00 o o

%o W0 20 300 = E E i EE o %0 E

Oil Red

LLARBHNEE - ME BB AT & EIEE o3I MR
DAREINER - WEEBRONT 2% - BRI e EELLS] -
HETRAELD -

c. SFEERBERE 478 ApoE ERFIBR/\E ( BREZHBAR-AIH
EBREEBE )

ApoE KO HF Diet 4 weeks (No. 7) ApoE KO HF Diet 4 weeks (No. 8) ApoE KO HF Diet 4 weeks (No. 9)
o o
0 oo 0
o2 00 00 00
o Fped® i o
= 20 oo 7 oo 200 s 00 3 o
< 4 2
I oo : koo 0 o 3 o
o #
O w fioo ol foo a0 lioo oo koo
© ol 9
%0 00 = o0 s00 koo % 0
500 0 23] 600 lg0o fsoo
F R ®

Qil Red

A7 B E B AR ANAECAVRT AR B R ER - o 5438 - %‘:‘é%ﬂ%ﬂ%lﬁ
HANTE  HNEBBREMNEECAHRRREAR - WwHEAR
2@ - BEmAREeNEBELES - BUETRE BT -

d ESMERE 3 BHER/NE ( LAl - BERER)

23



i3

86 Chow Diet 8 weeks (No. 10) 86 Chow Diet 8 weeks (No. 11) 86 Chow Diet 8 weeks (No. 12)
oo hoo
a S s % -
£ = % boo & o < oo %
<< : &
PR 3 koo 3 b
© ; i
O o 4 faoo 7 ot R o
N
© 500 [s00 pe [so¢
7
o koo o
30( 200 300 200 0 00 e
° 0
w0 oo |, 00 R
: | % 55
@ i A
o wf oo £ oo it
= 4 ¢ L %3
w0 0 koo
o ; ¥ i
500 4 koo koo s z
600 X 4 600 i 0 )
A
0 10 20 0 0 10 20 %0

ICHEEALE/NERBEMER R - MR ROEERA 7
EETSBI  MEBEBEENNEERARE - HERGBEEE
DB REM

d. IEFEREERE 8 B ApoE ERIFIER/NE ( B ZBmAR-AIHA -
T BRERER )

ApoE KO Chow Diet 8 weeks (No. 13) ApoE KO Chow Diet 8 weeks (No. 14) ApOE KO Chow Diet 8 weeks (No. 15)
100 100 0 By w0
o (. ¥ e
200 R 200 200
e %
= - 20
)
T ko 0 Lo o
(U]
5 20 20
™ o
Fo & ES Ee
o o
: w0 oo 00
EY o
g B o DNari
& ? = 200 200 . oo 5
— 5 s i
5] N - 200 oo £ 0o i
,‘L i 200 ‘ la00 1 koo
e AN 500 ls00 500 )
w] Lo o %
2200 300 2
1o 20 %0 ED

ICA R RIS MARN BRI EER - EElDEHREREER -
PURSSEWAMIRINLR - BEELEIRAGOER T - B2/ T
BEE=  ERERRGENEREGR - B2 #EJUUBEZEZE
& O] A HEA 7 UG R G AN AU\ sk E SRRV Bl -

24



B3

e. SIEERRERE 8 B ApoE ZERZIR/NE ( BREFRBARI-AIH -
TBREER )

ApoE KO HF Diet 8 weeks (No. 16) ApoE KO HF Diet 8 weeks (No. 17) ApoE KO HF Diet 8 weeks (No. 18)
e l ’
00 100 oo 00 100 - 100 - oo
%4 ‘ o Y ‘ Y VR YRy
& 0 & ‘zna ] oo ® 200 ruu iy oo e 200 oo A oo
<F 0 g 0 g oo 3 0 boo = oo % 00 oo oo
< i b | : :
(O o koo oo 400 oo hoo
5 B | ;
© ) ‘s«m oo 0
. }m : e L
20 E ED
0 0 0
0 L o . 10 00 100 o0 00 %
kel " v > R
Q w : koo ﬁf 20 oo Py =0 oo o ENS
4 ; i A 5 7 ;
— ¥ oo ’ 10 00 p. 0 P, oo 7, i &,
= - & N, % -
S ... o e ' N N . N
' . ¥ i y
00 ¥ o0 % 500 koo A 500 ! koo koo
] oo E P koo S a0 oo foo
p 0 ES 1 S

IR BERISNEIEEER - IBLKFERNENTE -
HE BB MMNERBENAARENESR - MR EERIZE
2K - B2 - MREENE BB A RCE R REBNE
KD - WD MZ2ARS T BUERERMANER - ik
T EREEREZEZZESUNAEEMAS NG AR ER
BB -
D. &
AMAKLHBERTGEIERKN  REMERSEZHE TH - I
BRESENERE RO SEY - FEHEEHAE - 1 Oil Red O
Staining RIZEEER  BRFEXZEAAREEERBLESEIE -
BlR KRB AR - BINEE R Oil Red O Staining #H A EIPE
BERmEHERIBEIIEEIBE - Autoradiography RBIZ2R R EATE R
RaES EERENABRZEARE  REfE—PHNEREMEN
ERNESE -

25



B3

B 22X

1

10

11

Sander, D., Winbeck, K., Klingelhofer, J., Etgen, T. & Conrad, B. Enhanced
progression of early carotid atherosclerosis 1s related to Chlamydia pneumoniae
(Taiwan acute respiratory) seropositivity. Crzeulation 103, 1390-1395 (2001).
https://dot.org:10.1161/01.cir.103.10.1390

Su, T. C. ef al. Hypertension status 1s the major determinant of carotid
atherosclerosis: a community-based study in Taiwan. Stroke 32, 2265-2271
(2001).

Liang, M. et al. Bioengineered H-Ferritin Nanocages for Quantitative Imaging of
Vulnerable Plaques in Atherosclerosis. ACS Nano 12, 9300-9308 (2018).
https://dot.org:10.1021/acsnano.8b04158

Stahle, M. ef al Evaluation of glucagon-like peptide-1 receptor expression in
nondiabetic and diabetic atherosclerotic mice using PET tracer (68)Ga-
NODAGA-exendin-4. Am J Physiol Endocrinol Metab 320, E989-E998 (2021).
https://dot.org:10.1152/ajpendo.00465.2020

Zhang, J., Han, R., Shao, G., Lv, B. & Sun, K. Artificial Intelligence in
Cardiovascular Atherosclerosis Imaging. J Pers Med 12 (2022).
https://dot.org:10.3390/1pm 12030420

Suri, J. S. ef al. Cardiovascular/Stroke Risk Stratification in Parkinson's Disease
Patients Using Atherosclerosis Pathway and Artificial Intelligence Paradigm: A
Systematic Review. Metabolites 12 (2022).
https://dot.org:10.3390/metabo12040312

Jonas, R. et al Relationship of age, atherosclerosis and angiographic stenosis
using artificial intelligence. Open Heart 8 (2021). https://dot.org:10.1136/openhrt-

2021-001832

Abazid, R. M. et al Prognostic value of coronary computed tomography
angiography compared to radionuclide myocardial perfusion imaging in patients
With coronary stents. Front Cardiovasc Med 10, 1087113 (2023).
https://dot.org:10.3389/fcvm.2023.1087113

Romero-Farina, G. & Aguade-Bruix, S. Equilibrium radionuclide angiography:
Present and future. J Nucl Cardiol 28, 1315-1322 (2021).
https://dot.org:10.1007/s12350-019-01876-9

Wu, Y. W. et al Diagnostic and Prognostic Implications of Exercise Treadmull
and Rest First-Pass Radionuclide Angiography in Patients With Pulmonary
Hypertension. Clin Nucl Med 42, ¢392-¢399 (2017).
https://doi.org:10.1097/RLU.0000000000001720

Hansen, M. N., Haarmark, C., Kristensen, B. & Zerahn, B. An Algorithm for
Individual Dosage in Cadmium-Zinc-Telluride SPECT-Gated Radionuclide
Angiography. Diagnostics (Basel) 11 (2021).
https://dot.org:10.3390/diagnostics 11122268

26


https://doi.org:10.1161/01.cir.103.10.1390
https://doi.org:10.1021/acsnano.8b04158
https://doi.org:10.1152/ajpendo.00465.2020
https://doi.org:10.3390/jpm12030420
https://doi.org:10.3390/metabo12040312
https://doi.org:10.1136/openhrt-2021-001832
https://doi.org:10.1136/openhrt-2021-001832
https://doi.org:10.3389/fcvm.2023.1087113
https://doi.org:10.1007/s12350-019-01876-9
https://doi.org:10.1097/RLU.0000000000001720
https://doi.org:10.3390/diagnostics11122268

B3

12

13

14

15

16

17

18

19

Campos, R., Yung, G., Russo, R. & Mansberg, R. Dissecting Mycotic RCA
Aneurysm Detected on 67Ga Scintigraphy. Clin Nucl Med 46, 822-825 (2021).
https://dot.org:10.1097/RLU.0000000000003677

Shah, S. ef al. Prognostic significance of calcified plagque among symptomatic
patients with nonobstructive coronary artery disease. ./ Nuc/ Cardiol 21, 453-466
(2014). https://doi.org:10.1007/s12350-014-9865-9

Chen, C. C., Le1, M. H., Hsu, Y. C., Chung, S. L. & Sung, Y. J. Apical
hypertrophic cardiomyopathy: correlations between echocardiographic
parameters, angiographic left ventricular morphology, and clinical outcomes. C/in
Cardiol 34, 233-238 (2011). https://doi.org:10.1002/clc.20874

Fallico, M. et al Intravitreal aflibercept for the treatment of radiation-induced
macular edema after ruthenium 106 plaque radiotherapy for choroidal melanoma.
Graetes Arch Clin Exp Ophthalmol 257, 1547-1554 (2019).
https://dot.org:10.1007/s00417-019-04347-6

Jackson, T. L. ef a/ Evaluation of Month-24 Efficacy and Safety of Epimacular
Brachytherapy for Previously Treated Neovascular Age-Related Macular
Degeneration: The MERLOT Randomized Clinical Trial. JAMA Ophthalmol 138,
835-842 (2020). https://dot.org:10.1001/jamaophthalmol.2020.2309

Perna, G. P. et a/. Amlodipine in 1schaemic left ventricular dysfunction with mild
to moderate heart failure. C/in Drug Investig 16, 289-296 (1998).
https://doi.org:10.2165/00044011-199816040-00003

Singh, A. D., Pabon, S. & Aronow, M. E. Management of radiation maculopathy.
Ophthalmic Res 48 Suppl 1, 26-31 (2012). https://doi.org:10.1159/000339844
Weisbord, S. D. et al Prevention, incidence, and outcomes of contrast-induced
acute kidney injury. Arch Intern Med 168, 1325-1332 (2008).
https://dot.org:10.1001/archinte.168.12.1325

27


https://doi.org:10.1097/RLU.0000000000003677
https://doi.org:10.1007/s12350-014-9865-9
https://doi.org:10.1002/clc.20874
https://doi.org:10.1007/s00417-019-04347-6
https://doi.org:10.1001/jamaophthalmol.2020.2309
https://doi.org:10.2165/00044011-199816040-00003
https://doi.org:10.1159/000339844
https://doi.org:10.1001/archinte.168.12.1325

