
Mouse Models: Atherosclerosis

Hans Bluyssen, 15.04.2021



What is Atherosclerosis? 



ATHEROSCLEROSIS is a disease in which the wall of the 
artery develops abnormalities, called lesions. These 
lesions may lead to narrowing due to the buildup of 
atheromatous plaque.[7] Initially, there are generally no 
symptoms.[1] When severe, it can result in coronary 
artery disease, stroke, peripheral artery disease, or 
kidney problems, depending on which arteries are 
affected.[1] Symptoms, if they occur, generally do not 
begin until middle age.[3]

Atherosclerosis generally starts when a person is young 
and worsens with age.[2] Almost all people are affected 
to some degree by the age of 65.[6] It is the number one 
cause of death and disability in the developed world.[10]

Though it was first described in 1575,[11] there is 
evidence that the condition occurred in people more 
than 5,000 years ago.[11]

What is Atherosclerosis? 

ATHEROSCLEROSIS
Atherosclerosis means thickening and hardening of 
medium sized vessel due to involvement of intima.

Atherosclerosis term is derived from Greek 
word “Athero” means “gruel or      
porridge” and “sclerosis” means “hardening”.

Incidence – high in developed countries and low in 
Africa, Asia, Central and south America
Sites – large and medium sized arteries are involved. 
Most commonly involved are aorta, coronary arteries, 
carotid artery and iliac arteries
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Atherosclerosis

Fig. Atherosclerosis complications. Dr Philip Barlow Mills FCP (SA).



Atherosclerosis

Atherosclerosis
Plaque is made up of fat, cholesterol, calcium, and 
other substances found in the blood.[7] The 
narrowing of arteries limits the flow of oxygen-
rich blood to parts of the body.[7]
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Atherosclerosis: Diagnosis
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Stages of atherosclerosis



Complications of atherosclerotic Plaque

Atherosclerotic stenosis
Acute plaque changes – Rupture, ulceration or erosion –
of the surface leads to exposure of highly thrombogenic
substances which causes thrombosis producing 
obstruction of the lumen
Hemorrhage into plaque – occurs due to rupture of the 
overlying fibrous plaque or blood vessels of 
neovascularization leading to intraplaque hemorhage
producing expansion of the plaque due to hematoma
Atheroembolism – Plaque rupture release contents of 
atherosclerotic debris into the blood stream producing 
microemboli
Aneurysm formation – atherosclerosis induced pressure or 
ischemic atrophy of the underlying media, with loss of 
elastic tissue causes weakness and potential rupture
Calcification – dystrophic calcification occurs in 
atherosclerotic plaques



Risk factors of atherosclerosis



Symptoms of atherosclerosis



Treatment of atherosclerosisAtherosclerosis
Prevention is generally by eating a healthy diet, exercising, not 
smoking, and maintaining a normal weight.[4] Treatment of 
established disease may include medications to lower 
cholesterol such as statins, blood pressure medication, or 
medications that decrease clotting, such as aspirin.[5] A number 
of procedures may also be carried out such as percutaneous 
coronary intervention, coronary artery stent, coronary artery 
bypass graft, or carotid endarterectomy.[5]
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Atherosclerosis originates from vascular inflammation



Atherosclerosis: Novel treatment strategies
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Plaque Targeted
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Stages of atherosclerosis: Human = Mouse
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Mouse models of Atherosclerosis



Risk factors of atherosclerosis

Human 
= 

Mouse



Figure 1. Human CAD GWAS Candidate Genes: Focus on Genes Already Validated in Mice

Genetics of atherosclerosis: Human vs Mouse



Figure 2. Human CAD GWAS Candidate Genes that 
Have Been Tested in Mouse Animal Models.
This circular plot shows a fraction of 244 human 
CAD GWAS candidate genes that have been tested 
in animal models. The numbers within the circle 
represent the 22 human autosome pairs. 
Candidate genes are arranged according to GWAS 
peak SNPS. Genes labeled green have already 
been studied in mouse models and show 
significant effects on atherosclerosis. 

Genetics of atherosclerosis: Human vs Mouse



Pathways of atherosclerosis: Human vs Mouse

Figure 3. Top-Ranked Mouse 
Atherosclerosis Pathways: 
Overlap with Human CAD 
pathways



Treatment of atherosclerosis

Mouse responds to 
similar drugs as humans



Mouse models of Atherosclerosis: Applications

Patho-mechanism Diagnostics

Therapeutics Bio Imaging
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TNF ligand-related molecule 1A (TL1A) is a vascular endothelial growth 
inhibitor to reduce neovascularization

RSG5 TL1A

Regulator of G protein signaling 5 – SMC vasoconstriction

Candidate Genes



Atherosclerotic Plaque: 
Single Cell sequencing

Figure 1. The single cell transcriptome identifies 11 distinct 
leukocyte populations in the atherosclerotic aorta 
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Atherosclerotic Plaque: 
Single Cell sequencing



Atherosclerotic Plaque: Single Cell sequencing



Figure 3. Enrichment of distinct genetic 
pathways in aortic leukocyte populations
Single cell transcriptomes of the eleven 
identified leukocyte clusters (a) were 
analyzed for the enrichment of specific 
genes and pathways. 

Atherosclerotic Plaque: Single Cell sequencing

Patho-mechanistics
vs

Diagnostic markers
vs

Therapeutic targets



Mouse models of Atherosclerosis: Applications
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Imaging vs VSMC-Biology

Figure 1. Efficient and specific multicolor 
vascular smooth muscle cell (VSMC) 
labeling in Myh11-CreERt2/Rosa26-
Confetti animals. 



Figure 2. Vascular smooth muscle 
cell (VSMC)–derived cells generate 
oligoclonal atherosclerotic plaques. 

Imaging vs VSMC-Biology



Figure 6. A subset of vascular 
smooth muscle cells (VSMCs) 
proliferate to form the injury-
induced neointima. 

Imaging vs VSMC-Biology



3D-Imaging vs Plaque build



Figure 5. Three-dimensional (3D) 
evaluation of atherosclerotic 
plaques by Adipo-Clear and light-
sheet microscopy.

3D-Imaging vs 
Plaque build



Figure 6. Volumetric analysis of 
atherosclerosis in the 
brachiocephalic artery and 3-
dimensional (3D) reconstruction of 
the endothelial lining.

3D-Imaging vs 
Plaque build



Mouse models of Atherosclerosis: Applications

Patho-mechanism Diagnostics

Therapeutics Bio Imaging



Non-invasive Molecular Imaging



Non-invasive Molecular Imaging



Figure 5. Illustration of spatial matching between morphology and targeted signal enhancement. 
(A) High-frequency ultrasound (40 MHz) image at the level of the aortic arch in a 10-week-old DKO
animal; (B) Lower frequency multipulse contrast-specific imaging of the aorta at baseline, with the
aorta defined by dashed lines, before contrast administration and (C) 10 min after administration of
P-selectin–targeted microbubbles after background subtraction and color-coding (color scale at bottom).
(Reprinted from Reference [220]. Copyright with permission from © 2010, Wolters Kluwer Health.)

Non-invasive Molecular Imaging



Figure 7. PET-CT in ApoE/ and statin-treated mice. PET-CT imaging shows uptake of 18F-4V
in the aortic root (arrows) and arch of atherosclerotic mice. Uptake is lower in statin-treated 
and in wild-type mice.

Figure 9. Representative PA imaging of abdominal aorta in an ApoE/ mouse after intravenous
injection of ICG@PEG-Ag2S (longitudinal and transverse view): a low contrast in the whole 
body of the mouse is evident, while a remarkable enhancement of the PA intensity in the 
region of the aorta (as indicated by red arrows and red circles) was observed over time. 

Non-invasive Molecular Imaging
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Anti-Atherosclerotic Treatment Strategies



Atorvastatin

The aorta of a mouse model of atherosclerosis 
on a high-fat diet for 12 months (top) has 
significantly more plaques (bright red) than the 
aorta of the same type of mouse that also 
produces the anti-inflammatory E06 antibody 
(bottom).

Anti-Atherosclerotic Treatment Strategies



Anti-atherogenic
Therapy

STATs as Novel Therapeutic Targets in Vascular Inflammation

http://dhmg.amu.edu.pl



STAT3 Inhibition in Atherosclerosis
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STAT3 Inhibition in 
Atherosclerosis



Pipeline approach to identify potent STAT & IRF inhibitors

http://dhmg.amu.edu.pl


