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Background – Atherosclerosis as a disease

Atherosclerosis is a chronic progressive inflammatory disease of the arterial wall.

◦ The restricted blood flow in the narrowed atherosclerotic artery can lead to ischaemia of the 
heart, brain or lower extremities and may cause an atherothrombotic occlusion of the 
affected artery, leading to myocardial infarction, ischaemic stroke or critical limb ischaemia
requiring amputation, respectively.

Ischaemic heart disease and stroke are the leading causes of human deaths worldwide.

◦ Both in developed and developing countries, and several risk factors contribute to the 
initiation, progression and clinical manifestations of the disease

◦ Disease is always preceded by dyslipidemia



Background – Atherosclerosis as a disease
- what does it really mean?

Atherosclerosis is a chronic progressive inflammatory disease of the arterial wall.

◦ ARTERIES NARROW & OCCLUDE

◦ BLOOD FLOW IS COMPROMISED

◦ HEART, BRAIN, LEGS NOT GETTING OXYGENE

◦ HEART STROKE, BRAIN INFARCTS, NECROSIS OF TOES, DEATH

Ischaemic heart disease and stroke are the leading causes of human deaths worldwide.

◦ HUMANS DISEASED & DYING

◦ MULTIFACTORIAL, GENES & LIFESTYLE

◦ CAN BE PREVENTED & MEDICATED BUT NOT ALWAYS

◦ ALWAYS BLOOD VALUE CHANGES BEFORE SYMPTOMS



Background – Atherosclerosis in animals

In domestic animals atherosclerosis is rare.

◦ In general of little practical importance

◦ Of interest for the development of animal models

◦ Atherosensitive: rabbit, chicken, pig

◦ Atheroresistant: dog, cat, cattle, goat, rat

◦ Dogs with hypothyroidism or diabetes mellitus, idiopathic hyperlipoproteinemia in miniature 
schnauzers

◦ Morphologically different from human disease as lipid is present mainly in media and 
adventitia

◦ Clinical consequences of severe atherosclerosis are infrequent



Outline of the Korat project

ATHEROSCLEROSIS LIPIDS GENES
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DESCRIPTION OF 
THE 

ATHEROSCLEROSIS 
LESION 

MORPHOLOGY IN 
KORATS





Atherosclerosis lesion

In humans, atherosclerosis is initiated by extracellular accumulation of modified lipoproteins in 

the arterial intima, which is followed by a local inflammatory response, resulting in an influx of 

macrophages to the intima, where they phagocytose the extracellular lipids to become lipid-

laden macrophage foam cells.

The mass deposition of lipoprotein-derived cholesterol results in macrophage apoptosis, which 

drives the formation of a necrotic lipid core.

Over time, the advancing atherosclerotic plaque, or atheroma with a thin fibrous cap and a 

necrotic lipid core, becomes highly unstable and is prone to rupture.

If the highrisk plaque ruptures, it triggers thrombus formation, which causes acute 

cardiovascular events such as myocardial infarction and stroke.



Severe Spontaneous Atherosclerosis in two Korat Breed 
Cats is Comparable to Human Atherosclerosis

Autopsies of two symptomatic atherosclerotic Korat breed cats (male & female)

◦ 2010 (University of Helsinki)

◦ 2015 (Finnish Food Authority Evira)

Same parents but born in different litters. 

Other cat total cholesterol maximum value 25 mmol/L (RI 2.5-5.3 mmol/L)!!!

Severe atherosclerotic in large and medium-sized arteries: developing fibrous cap and a lipid 

core, containing particularly large amounts of cholesterol crystals.

High resemblance of to the human lesion.



Normal artery



Normal artery



Atherosclerosis, arteries, cat and human. (A) Cat abdominal aorta with marked luminal narrowing (*) and marked irregular 
thickening of tunica intima (+), which is expanded by numerous foamy macrophages (M) and cholesterol clefts admixed with 
plump spindloid cells (S) and scattered basophilic mineralized material. Transverse section. HE. Bar, 500 µm. (B) Human 
coronary artery with advanced atherosclerosis within tunica intima (+) with marked luminal narrowing (*). Transverse section.
HE. Bar, 500 µm.



Atherosclerosis, arteries, cat and human. (C) Cat aorta with extreme luminal narrowing (*) due to severe diffuse, irregular 
intimal thickening (+). Longitudinal section. HE. Bar, 500 µm. (D) Human coronary artery with fibrous cap (arrow) over tunica 
intima (+) with cholesterol clefts. Narrowed lumen (*). Longitudinal section. HE. Bar, 500 µm.



Atherosclerosis, aorta, cat (A) and human (B). Cholesterol clefts in intima (+) and regular dark staining pattern of intact medial 
elastic fibres (white bar). Lumen (*). Verhoeff’s van Gieson. Bar, 500 µm. 



Atherosclerosis, aorta, cat. Cholesterol clefts in intima (triangle) and black calcium deposits. Von Kossa for calcium. Bar, 100 
µm. 





Other autopsy lesions
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COMPARISON OF 
LIPID PROFILE IN 

KORAT VS 
CONTROL CATS 

AND 
COMPARATIVE 
LIPID ANALYSIS



Blood collection from Finnish Korat cats (April 2017)

- Blood samples from 50 cats of which 11 are close relatives of the affected
cats

- Measured parameters:
◦ Tot.chol, LDL, HDL
◦ Triglyserides
◦ PLTP
◦ LCAT
◦ Free glycerol
◦ SAA

Lipid profile in Korat cats



No biologically relevant difference between 
the Korat population and control cats



In the sampled Korat population no lipid abnormalities (compared to one 

affected Korat total cholesterol >25mmol)

No signs of low level inflammation or alterations in lipid modifying enzymes

Further studies planned (2021-2022 @ Wihuri Research Institute)

◦ Comparative (human vs cat) approach

◦ Functional test

◦ PG binding

◦ Cholesterol efflux capacity

◦ Lipid particle size measurements

Conclusions so far
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DISCOVERY OF 
GENETIC

DETERMINANTS 
OF THE DISEASE



= atherosclerosis

= blood sample

= female = male



Atherosclerosis etiology

Atherosclerosis is a chronic inflammatory disease initiated by accumulation of LDL derived cholesterol
to arterial intima.

Hypercholesterolemia can occur secondary to other diseases, medication, or lifestyle, or primary as a 
result of pathogenic variants in the DNA, a disease that is known as familial hypercholesterolemia (FH).

Most commonly a loss of function mutation in the LDL-receptor gene (impaired up-take of LDL; 75-
90%) or in the apoB-gene (impaired binding to LDLR; 5-20%) or a gain of function mutation in the 
PCSK9 (increased LDLR degradation)

We are aiming to perform a whole genome sequencing of the suspected Korat individuals.

But there is always trouble…
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Questions? Comments?


