
Coronary Artery Disease or Coronary Atherosclerosis 

1
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Coronary artery disease or coronary 
atherosclerosis

What we know (or do not) about pathogenesis of the disease?

How can we prevent and treat it?

Passive (drug medications) versus active (life style) approaches – where 
is the balance for general population?
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Coronary artery disease manifests in the reduction of blood flow to 
the heart muscle, due to narrowing of coronary arteries.

The main cause of coronary narrowing is a deposition of lipids in 
arterial wall (plaque formation). This pathology termed as 
Coronary Atherosclerosis (CA). CA is a major cause of heart 
attacks. 
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History

• While the “cholesterol” pathogenesis of atherosclerosis was suggested 
more than a century ago by Russian scientists Anitschkow and  
Chalatow (1913), the hypothesis only gained attention in 1970-80s.

• At that time there were heated scientific debates over the causal role of 
cholesterol in pathogenesis of CA. The debates culminated in NIH 
conference (1984), following by publication of a Special Report in 1985.

The first Panel’s Conclusion of the Report declared: 
• “Elevation of blood cholesterol levels is a major cause of coronary 

artery disease”.
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• The same time, effective hypolipidemic drugs (collectively known as 
“Statins”) were developed and introduced to clinics (1987). The 
American Heart Association predicted that lowering blood 
cholesterol by Statin  treatment would almost eliminate the necessity 
for bypass surgery and percutaneous coronary intervention (PCI), 
and eradicate CA by the end of the 20th century.

• However, as we know now, the prognosis stopped short of satisfying  
the predictions*.

Important milestones
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• In 2007 the 25-years long study from Mayo Clinic reported in 
Circulation Journal on dynamic of number PCI performed (single 
center study):

Years 1979-1989 1990-1996 1996-2003 2003-2004
Average number of 
PCI per one year 1141 1295 1623 1728

• From 2018 report, the current number of PCI in the United 
States was “…more than 950,000 per year and rising…”.

• Statins are very effective in lowering LDL-C levels. But how 
effective are Statins in prevention of CA and cardiovascular risk 
reduction? 
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Percentage of patients experiencing major coronary events (i.e. heart attack due 
to CA) in spite of normalized LDL-C levels by Statins treatment. 
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Libby P. The forgotten majority: unfinished business in cardiovascular risk 
reduction. Journal of the American College of Cardiology, 2005, 46:1225-28.



In this analysis Dr. Libby asked questions why Statin treatment 
failed to protect the majority at risk:
• Do we intervene too late?
• Is our intervention too short?
• Do we intervene too little?

However, I believe that the most important question was 
overlooked, which is:
• Is the hypothesis correct?
In other words: 
• Is an elevated blood cholesterol level the major cause of CA?

What is a cause of a disease?
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What should constitute a cause of disease was formulated by 
Claude Bernard, the founder of the experimental medicine
• ‘‘Indeed, proof that a given condition always precedes or 

accompanies a phenomenon does not warrant concluding with 
certainty that a given condition is the immediate cause of that 
phenomenon. It must still be established that when this condition is 
removed, the phenomenon will no longer appear...’’ (1865).

In modern time this thesis was further elaborated by William 
Stehbens, a repute expert on arterial pathology (1987):
• ‘‘… differentiating between cause and non-causative factors is 

essential. ... Reduction in incidence rather than elimination of 
the disease precludes a causal relationship’’. 
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Therefore, let’s appeal to common sense:
The cholesterol  hypothesis suggested:
• “Elevation of blood cholesterol levels is a major cause of coronary 

artery atherosclerosis.
The hypothesis clearly made a prediction and detailed conditions how 
the hypothesis can be tested: 
• “Lowering blood cholesterol would almost eliminate the necessity 

for bypass surgery/PCI and eradicate coronary arteriosclerosis”.
The test, i.e. the statin treatment, was conducted on large number of 
patients with high LDL-C levels, and  the results have shown that:
• “In spite of normalized cholesterol levels Statins treatment has 

failed to prevent/eradicate coronary arteriosclerosis in majority of 
“cured” patients (64-75%).
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The fact that 25-36% were protected (and this is a huge number!) 
does not change the conclusion*:
• “The hypothesis that elevation of blood cholesterol levels is a 

major cause of coronary atherosclerosis has failed test”.

We have to articulate this conclusion not only for sake of logic, but 
mainly because re-conditioning of the failed hypothesis obstructs 
our search and testing of alternative hypotheses on CA causations.

Misfortunately, the mainstream atherosclerosis research perceives 
the problem differently.
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Tabas I. 2016 Russell Ross Memorial Lecture in Vascular Biology.
Arterioscler Thromb Vasc Biol. 2017;37:183-189:
• “… how can the overall lowering of plasma LDL over the past 3 

decades, that is, after the introduction of statins, be reconciled with the 
fact that atherosclerotic vascular disease remains the leading 
cause of death. Despite the enormous life-saving success of statins, 
issues related to potency, real or perceived drug safety and side 
effects, patient compliance, and patient and provider education have 
limited our ability to lower LDL to the types of level, and at an early 
enough age, that would be needed to remove atherosclerotic disease 
from the leading killer list.”

The above means that LDL hypothesis is correct, but now it is 
patients and doctors faults -“patient compliance, and patient and 
provider education”- that CA remains the leading cause of death. What 
arguments can so unquestionably favor the failed hypothesis?11



There are numerous publications in high-ranking medical journals 
detailing the cholesterol hypothesis. Without exception all of them 
are based on the cholesterol pathway suggested by Nikolai N. 
Anitschkow.

Anitschkow’s hypothesis states: 
• ‘‘Lipids enter the arterial wall as compounds with protein 

fractions of blood plasma directly from arterial lumen’’.

Anitschkow, N.N. From: Cowdry’s Arteriosclerosis: A Survey of the 
Problem,1967, pp. 22–44.
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This LDL-C pathway in pathogenesis of CA was detailed in the most notable 
publication in the field, contributed by Dr. Hansson in The New England Journal of 
Medicine in 2005: “Inflammation, atherosclerosis, and coronary artery disease”
(Citations: Google Scholar 9551; Web of Science 5301)
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All cells are 
migrating cells, 
either from 
coronary 
lumen or from 
tunica media.

Coronary 
tunica 
intima –
no resident 
cells shown

Such depiction of the coronary artery design – with acellular tunica intima, i.e. as a 
tissue compartment having no resident cells, was incorrect and surprising. What are 
vascular tunics?



Walls of both arteries and veins have three tissue layers called tunics: 
tunica intima, tunica media, and tunica adventitia.

However, this tunica 
intima design – one cell 
layer – endothelial cells –
is a characteristic only of 
small arteries and small 
vein.

From: Junqueira LC, 
Mescher AL: Junqueira's
basic histology: text & atlas. 
2013.
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In large elastic arteries (aorta, carotid, 
femoral, etc.) and muscular arteries 
(coronary arteries) tunica intima 
consists of numerous cells, arranged in 
layers, together with elastic fibers. This 
normal multi-layered intimal cell 
arrangement was termed as normal 
intimal hyperplasia or diffuse intimal 
thickening (DIT).

From: Junqueira LC, Mescher AL: 
Junqueira's basic histology: text & 
atlas. 2013.

Aorta
tunica 
intima

15



Normal adult human coronaries have a unique design: tunica intima is always 
equal or large than tunica media. The coronary tunica intima consists at least 
25-30 cell layers of alpha-smooth muscle actin-positive cells and elastic fibers.

From: Nakashima, Y. et al. 
Virchows Archiv 2002,441, 
279–288.

This design of coronary 
arteries pertains to all 
human without any 
exception.
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Tunica intima is separated 
from tunica media by internal 
elastic membrane (red arrows)



At the time of birth tunica intima of coronaries consists single cell layer –
endothelium. The number of intimal cell layers increase with maturation, reaching 
at least  25-30 layers by age of 30 in normal epicardial coronaries. 

This differentiation of 
coronary  tunica intima into 
multi-cellular layered 
compartment  occurs in all 
human without exception.
Coronary arteries stain for elastin, 
red arrows indicate internal 
elastic membrane, I – tunica
intima, M – tunica media.
a) 7–day–old;
b) 5–year–old;
c) 15–year–old;
d) 30–year–old,.
From: Nakashima, Y. et al. (2002) 
Virchows Archiv 441, 279–288.17
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There are many publications on 
morphology of normal human 
coronary arteries, showing real 
physiologic diffuse intimal thickening:
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There are many publications on 
morphology of normal human 
coronary arteries, showing real 
physiologic diffuse intimal thickening:

Nevertheless, the leading publication on 
cholesterol hypothesis (Hansson, 2005) 
presented an incorrect design of human 
coronaries, with tunica intima as an 
acellular subendothelial compartment, 
and with only migratory cells arriving
with disease progression.

Initially I thought that this omission was just an accidental illustration error.

25-30 
subendothelial 
cell layers

No cells



20 Lusis AJ: Atherosclerosis. Nature 2000, 407:233-241.

No cells in
coronary 

tunica intima 

However, revision of other publications on cholesterol hypothesis of CA 
reveal a persistence pattern, e.g.: 
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There are numerous other articles misrepresenting coronary artery 
design, just to name a few in major medical journals:

Rhee JW, Wu JC: Trends in Cardiovascular Medicine 2013, 23:39-45.
Dzau VJ, et al. Nature Medicine 2002, 8:1249-1256.
Tabas I, Williams KJ, Boren J. Circulation Journal 2007, 116:1832-1844.
Tabas I, et al,. Journal of Cell Biology. 2015,209:1 13–22. 
Borow KM, at al. Atherosclerosis 2015, 242:357-366.
Nakahara et al,. Journal of the American College of Cardiology,
2017,10,5: 582-593. 



It appears that all publications advocating the cholesterol hypothesis 
consistently misrepresent the morphology of human coronary arteries. 
But why?
I suggest that reason is very simple: a depiction of the real human 
coronary morphology is not suitable for the cholesterol hypothesis, 
which is:
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• ‘‘Lipids enter the arterial wall as 
compounds with protein fractions 
of blood plasma directly from 
arterial lumen’’

Rhee JW, Wu JC: Advances in nanotechnology for the 
management of coronary artery disease. Trends in 
Cardiovascular Medicine 2013, 23:39-45

I 
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Portraying human coronary tunica intima as consisting only one cell layer –
endothelium, with acellular subendothelial compartment, instead of the real 
morphology, is the only way to upkeep the hypothesis that high blood 
LDL-C level results in subendothelial lipid deposition, initiating CA. 
Only this unrealistic depiction “allows” LDL-C particles and 
monocytes/macrophages “crawl” through endothelial lining, and start 
“subendothelial deposition”.
But the above is not correct, the facts are:
1. Coronary tunica intimal is NOT one-cell layer, but a 25-30 cellular 

layers compartment;
2. Coronary atherosclerosis has never started with subendothelial lipid 

deposition/retention;
3. Coronary atherosclerosis has always started with lipid 

deposition/retention in the most deepest layers of tunica intima.
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Wolkoff, K. Beiträge zur pathologischen Anatomie und zur allgemeinen 
Pathologie, 1929, 82, 555–596.
Nakashima, T. and Tashiro, T. Kurume. Med. J., 1968, 15, 235–242.
Fukuchi, M. et al. Lab. Invest., 2002, 82, 1437–1447.
Tracy, R.E. and P. Walia. Virchow Archive, 2004. 445(1), 22-26.
Nakashima, Y. et al. Arterioscler. Thromb. Vasc. Biol.,2007, 27, 1159–1165.

Nakashima, Y. et al. Cardiovasc. Res., 2008. 79, 14–23.

The facts on initial lipids deposition in the most deepest layers of 
tunica intima are well-documented by many pathology microscopic 
studies, i.e. by analysis of real human coronary artery specimens 
obtained during postmortem examination, e.g.:
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Just these six articles alone were cited more than thousand times 
by other publications on coronary atherosclerosis (by 1,093 times). 



Reconstruction of 2D and 3D images 
from multiple consecutive sections of 
human coronary artery, stained for 
elastin to distinguish tunica intima 
from media (A); stained with Sudan IV 
for lipid (B); and anti-CD68 antibody 
for macrophages (C).
D – 2D  image composed of the 

digital images of intima, media, lipids 
and macrophages. 

From: Nakashima group, 2007
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Again, we are talking about initiation of 
CA, i.e. about pathogenesis of the 
disease, and not about plaques at end-
stage of the disease.

This image shows real sections of 
human coronaries stained for elastin, 
lipid, and macrophages.
From Nakashima, Y. et al., 2007.
Early human atherosclerosis: 
accumulation of lipid and 
proteoglycans in intimal thickenings 
followed by macrophage infiltration.

This high-resolution image is courtesy 
of Dr. Nakashima, and it can be 
enlarged.

1

2
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1

Arrowheads 
indicate 
internal 
elastic 
membrane, 
at intimal-
medial 
boundary.
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2
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The accepted hypothesis on the initiation of CA implicitly states that lipids 
invade the coronary wall from blood of the coronary lumen. However, when 
the hypothesis is combined with facts, it becomes a self-contradictory model:
• lipids have to travel from the arterial lumen through 25-30 cell layers and 

than invaded and accumulated in the deepest distal layers of DIT;
• Lipids have to pass through the subendothelial region and the surface 

layers of DIT, but leaving no trace of lipid in the subendothelial tissues.
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lipids macrophages 

Hypothetical coronary. Borow
KM, Atherosclerosis, 2015  

Images of real coronary artery sections. Nakashima Y, 2007
elastica van Gieson 

But is there any hypothesis that can explain the reality? Yes, it is.

lipids macrophages
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Facts:

• 1) Normal coronary tunica intima is an avascular compartment. Normal 
human coronary tunica intima, evolving from a single-cell-layer after birth 
to DIT in adults, remains avascular in normal hearts entire life. Coronary 
tunica intima receives oxygen and nutrients through diffusion from 
the arterial lumen and the adventitial vasa vasorum, (VV) which extend 
into 2/3 of width of tunica media.

• 2) Cells of the tunica intima are the most replicating cells in the coronary 
wall. Intimal thickening increases in human coronaries with aging. Some 
common pathologic conditions (high blood pressure, diabetes and 
obesity, etc.) are also known to accelerate coronary intimal thickening.
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My hypothesis can be summarized by this 
schematics. Let’s enlarged it.
From: Subbotin VM, 2016. 
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• a) Normal coronary tunica intima is an 
avascular compartment. Cells of tunica 
intima receives oxygen and nutrients 
through diffusion from the arterial lumen 
and the adventitial vasa vasorum, which 
extend into 2/3 of width of tunica media.

• Tissue proteoglycan Biglycan, residing 
deep in tunica intima (shown in green color), 
has very high affinity to blood 
lipoproteins, but do not have direct 
contact with LDL-C due to diffusion 
limitations.

• b) When the avascular tunica intima 
becomes enlarged, the diffusion of O2 is 
reduced proportional to the square of the 
intimal thickening, and cells in deep intima 
undergo hypoxia. Hypoxic cells always 
upregulate expression of HIF-1 and 
VEGF, which are the main inducers of 
angiogenesis and neovascularization.
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• c) In response to the above vascular 
growth factors adventitial and medial 
vasa vasorum start to grow toward 
hypoxic  intimal cells, penetrate 
internal elastic membrane and 
vascularized tunica intima. 

• d) Neovascularization of tunica 
resulted in formation of a very 
permeable capillary net, which brings 
blood LDL-C in direct contact with 
the lipophilic Biglycan, resulting in 
lipids extraction and deposition in 
deep layers of the tunica intima.

This is the initiation of coronary 
atherosclerosis, in other words 
this is a pathogenesis of the 
disease.



This schematic 
stage (d) 
corresponds to fatty 
streak Grade 2-3 in 
the Nakashima et 
al. study, 2007
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Stain for lipids



Therefore, the above model predicts that:
• If the coronary intima became enlarged, it has to be vascularized;
• Lipoproteins unavoidably will be extracted and retained by intimal 

biglycan even if LDL-C levels are normal of low;
• Lipoprotein extraction and deposition will be faster if LDL-C levels 

are high;
• If the coronary intima became vascularized, Statins cannot 

prevent CA, because cholesterol is a vital molecule and the LDL-C 
level cannot be reduced to zero.

Therefore, contrary to the accepted view on CA pathogenesis, my 
hypothesis offers different mechanisms of the disease: a different 
cause of the disease, and the opposite route for invasion of  
lipoproteins into the coronary tunica intima.
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But is the neovascularization in CA a newly discovered fact? No, it is not. 



Neovascularization long time thought contribute to plaque growth and 
instability: 
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Doyle, B. and N. Caplice. 
J Am Coll Cardiol, 2007. 
49(21): p. 2073-80, and 
numerous other articles.

If the neovascularization from adventitial vasa vasorum assumed to contribute 
to plaque growth, why the same neovascularization of deep tunica intima is 
rejected as the cause of initial lipid deposition in CA? Because the cholesterol 
hypothesis states: ‘‘Lipids enter the arterial wall as compounds with protein 
fractions of blood plasma directly from arterial lumen’’.



The above article, along with many other publications, suggests that the 
neovascularization is a consequence of plaque formation, i.e. a consequence of 
late stages of coronary atherosclerosis.

I think it is the other way around, which is:
1) Thickening of coronary intima → 2) intimal cell hypoxia → 3) hypoxia-induced 
expression of vascular growth factors (HIF-1, VEGF) → 4) intimal 
neovascularization from adventitial vasa vasorum → 5) lipids extraction from 
blood by lipophilic biglycan → 6) initiation of lipid depositions and initiation of 
CA → and only later → 7) plaque formation.
Again, this idea is not new:

• ‘‘. . . intimal vascularization is a function of intimal thickness and not of 
atherosclerosis’’.

E. Geiringer. Intimal vascularization and atherosclerosis. J. Pathol. Bacteriol., 63 (1951):201-11. 
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But why are the cells of arterial tunica intima are so prone to proliferate 
and form intimal hyperplasia or DIT?

What do we know about arterial tunica intima differentiation?
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All newborn arteries consist tunica intima as a single cell layer – endothelial 
cell lining, including coronary: 
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Differentiates into two variant intimal 
phenotypes stable during entire life:

one cell-layer tunica intima 
or multi-layered tunica intima

DIT proliferation: 
initiation of CA, coronary 

spastic angina, chronic 
rejection, sudden 

coronary death, etc. 

Normal adult small
arteries (endothelium) Normal adult coronary 

arteries (DIT) 

While both phenotypes can maintain their structural  stability during life in 
majority of people, in some they can slip into uncontrol intimal proliferation.

Endothelial proliferation: 
peripheral arterial 
disease, idiopathic 
intimal hyperplasia, 
chronic rejection, etc. 



Do we know what regulates formation one-cell intima or DIT? No, we do not.
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Do we know regulations that 
maintain stability of one cell-layer 

tunica intima or coronary DIT?
No, we do not.

DIT proliferation:
initiation of CA, coronary 

spastic angina, chronic 
rejection, sudden 

coronary death, PCI, etc. 

Normal adult small
arteries (endothelium) Normal adult coronary 

arteries (DIT) 

Do we know mechanisms prevent excessive proliferation of two phenotypes?
No, we do not. However, when the obscure mechanisms fail, we ask “WHY?”

Endothelial proliferation: 
peripheral arterial 
disease, idiopathic 
intimal hyperplasia, 
chronic rejection, etc. 

? ?



• “…an artery responds to almost any sort of physical or chemical 
injury to which it may have been exposed with a hyperplasia or 
replication of its surviving or still-intact remnants. Thus, whether 
the injury is induced by transplantation, by needle puncture, by 
freezing, by heat, by exposure to electron radiation, by induced 
hypertension, by cholesterol infiltration, or by pressor amines, the 
typical response on the tunic affected is a hyperplastic one”.

M. Friedman. Pathogenesis of Coronary Artery Disease. Blakiston
Division, McGraw-Hill (1969).
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However, this proliferative arterial response to non-specific factors was 
known long ago:  



• Differentiation of the arterial tunica intima in two stable phenotype 
is controlled and maintained in majority of human hearts. We do 
not know how this regulation works, but nor do we invest much in 
it study.

• However, when this obscure regulation fails, presumably due to 
non-specific stimuli (because different diseases and conditions 
resulted in the same pathology), we are investing almost all our 
resources in studying what could affect the obscure regulation.

• I think it would be more logical to approach the problem the other 
way around – studying mechanisms maintaining non-diseased 
intimal phenotypes. 
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We already know the conditions that help to maintain coronary and 
other arteries healthy. Studying of the mechanisms by which this 
conditions control normal arterial morphology is still in progress, but 
some facts are already available.

43



Exercise-induced hemodynamic forces (shear stress) provide signals 
for maintaining normal endothelial and intimal cells’ phenotype.

• Sustained physical activity has been shown to improve and 
maintain normal endothelial function in peripheral and coronary 
arteries by increasing synthesis of nitric oxide (NO) by 
endothelial/intimal cells. There are evidences that elevated arterial 
shear stress is a signal for increased endothelial NO synthase, 
decreased endothelin-1 (ET-1) gene expression in 
endothelial/intimal cells (NO is vasodilator, while ET-1 is 
vasoconstrictor and mitogenic factor).

Laughlin et al,. Importance of hemodynamic forces as signals for 
exercise-induced changes in endothelial cell phenotype. Appl Physiol. 
2008 March ; 104(3): 588–600.



On the other hand, there are plenty evidences pointing that sedentary 
behavior and physical inactivity increase risk of contracting coronary 
atherosclerosis and increased mortality in patients already suffering 
coronary artery disease, e.g.:
• Sedentary Behaviors Increase Risk of Cardiovascular Disease 

Mortality in Men. Warren et all., 2010.
Men who reported >10 hrs/wk riding in a car or >23 hr/wk of combined 
sedentary behavior had 82% and 64% greater risk of dying from CVD 
than those who reported <4 hr/wk or <11 hr/wk, respectively.
• Effect of Changes in Physical Activity on Risk for Cardiac Death in 

Patients with Coronary Artery Disease. Lathinen et all., 2010 
The CAD patients who remained inactive and became inactive still 
had 4.9-fold and 2.4-fold risk for cardiac death, respectively, 
compared to patients remaining at least irregularly active. 



Resting heart rate
• A normal resting heart rate for adults ranges from 60 to 100 beats 

per minute. Generally, a lower heart rate at rest implies more 
efficient heart function (stronger hemodynamic forces, i.e. more 
vigorous shear stress) and better cardiovascular fitness. Well-
trained athletes might have a normal resting heart rate closer to 
40 beats per minute.

• Several epidemiological studies have reported that an elevated 
resting heart rate is associated with coronary atherosclerosis 
independently of other risk factors.



Resting heart rate and coronary atherosclerosis
• Palatini and Julius. Elevated Heart Rate: A Major Risk Factor for 

Cardiovascular Disease. Journal of Clinical and Experimental 
Hypertension. Vol. 26, Nos. 7 & 8:637–644, 2004.

• Fox et al. Resting Heart Rate in Cardiovascular Disease. Journal 
of the American College of Cardiology Vol. 50,9:823-30, 2007.

• Giannoglou et al. Elevated heart rate and atherosclerosis: An 
overview of the pathogenetic mechanisms. International Journal of 
Cardiology 126:302–312, 2008.



Protective effects of Hemodynamic shear stress on arterial wall

• Malek et al. Hemodynamic shear stress and its role in 
atherosclerosis. JAMA, 1999,282:2035-2042.

• Topper and Gimbrone. Blood flow and vascular gene 
expression: fluid shear stress as a modulator of endothelial 
phenotype. Molecular Medicine Today, January 1999:40-46

• Heo et al. Shear Stress and Atherosclerosis. Molecules and 
Cells, 2014; 37(6): 435-440

• Im Cho, K., et al., Low carotid artery wall shear stress is 
associated with significant coronary artery disease in patients 
with chest pain. Journal of Atherosclerosis and Thrombosis, 
2016;23(3):297-308.



From: Malek et al. Hemodynamic shear stress and its role in 
atherosclerosis. JAMA, 1999,282:2035-2042.

Illustration of the arterial endothelial phenotypic switch from atheroprotective
(left) to atherogenic (right) induced by local low-magnitude shear stress.

Physiologic 
Arterial Shear 
Stress
ts>15 dyne/sm2

Low Arterial 
Shear Stress
ts~ ±0-4 
dyne/sm2

Cell proliferation 
down Cell proliferation 

up



From: Malek et al. Hemodynamic shear stress and its role in  atherosclerosis.

Bovine aortic endothelial cells exposed physiologic shear stress for 24 hrs align with 
direction of blood flow (left) while those exposed to low shear stress do not (right).

Physiologic Arterial 
Shear Stress
ts>15 dyne/sm2

Low Arterial Shear 
Stress
ts~ ±0-4 dyne/sm2

Direction of blood flow



My hypothesis on pathogenesis of coronary atherosclerosis is less 
sophisticated, more like a “plumber” view to the problem.

The design of arteries proximal the left heart ventricle was selected to 
withstand constant high pressure pulsing, and coronary arteries are the 
most proximal. Arterial tunica intima is the first tissue that absorbs this hit. 
We know that mechanical durability of these arteries rests on numerous 
layers of elastic membranes, that stretch at systole and contract at diastole 
phase. However, endothelial cells are continuously damaged and 
mechanically removed. To relay on circulating endothelial cell precursor is 
too risky. The design was selected that intimal cells lacking endothelial cells, 
which are lost, became endothelium themselves. Therefore, intimal cells 
must proliferate, it is in genes, but whether they substitute missing 
endothelial cells or increase DIT depends on ejection shear force of blood 
from left ventricle.



Whether my hypothesis on pathogenesis of coronary atherosclerosis 
is correct, or that of Malek and co-authors, has to be tested. However, 
the preventive measures for coronary atherosclerosis are clear:

• Our regular activities must include moderate- to high-intensity 
exercises, resulting in a substantially elevated heart rate, 
thereby providing physiologic arterial shear stress to 
coronary arteries, and other arteries proximal to heart.

• Thank you for your attention.
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I have started this analysis in 1992, it took 15 years to publish first article.

• Subbotin VM: Analysis of arterial intimal hyperplasia: review and hypothesis. Theor Biol
Med Model 2007, 4:41.

• Subbotin V: Arterial intimal hyperplasia: biological analysis of the disease and possible 
approaches to the problem. In: New Approaches in Coronary Artery Disease. Medimond; 
2009: 225-230.

• Subbotin VM: Neovascularization of coronary tunica intima (DIT) is the cause of 
coronary atherosclerosis. Lipoproteins invade coronary intima via neovascularization 
from adventitial vasa vasorum, but not from the arterial lumen: a hypothesis. Theor Biol
Med Model 2012, 9:11.

• Subbotin VM: Excessive intimal hyperplasia in human coronary arteries before intimal 
lipid depositions is the initiation of coronary atherosclerosis and constitutes a 
therapeutic target. Drug Discov Today 2016, 21:1578-1595.

I also presented my ideas and findings at more than dozen meetings on coronary 
atherosclerosis. 





Dzau VJ, et al. Vascular proliferation and atherosclerosis: new 
perspectives and therapeutic strategies. Nature Medicine 
2002, 8:1249-1256.

Coronary 
tunica 

intima –
no resident 
cells shown
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Borow KM, at al. 
Biologic plausibility, 
cellular effects, and 
molecular mechanisms 
of eicosapentaenoic
acid (EPA) in 
atherosclerosis. 
Atherosclerosis 2015, 
242:357-366.

Coronary 
tunica 
intima –
no resident 
cells shown
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Nakahara et al,. Coronary artery 
calcification. From mechanism to 
molecular imaging. Journal of the 
American College of Cardiology. 
Cardiovascular Imaging. 2017,10,5:
582-59357

I found this report to be special. 
The figure legend says : “retention 
of apolipoprotein B (ApoB) 
lipoproteins (LPs) in the subintima. 
The lesion results in diffuse intimal 
thickening (DIT) composed of 
subendothelial extracellular matrix 
molecules, especially 
proteoglycans.”

(A) - An atheroma is initiated by the focal retention of 
apolipoprotein B (ApoB) lipoproteins (LPs) in the 
subintima. The lesion results in diffuse intimal thickening 
(DIT) composed of subendothelial extracellular matrix 
molecules, especially proteoglycans. (B) - Proteoglycans 
bind to lipoprotein cholesterol and oxidized lipoprotein 
cholesterol. Chemoattractant peptides are secreted, 
attracting circulating monocytes to the lesion.



Tabas I, Williams KJ, Boren J. 
Circulation Journal 2007, 
116:1832-1844.

Micro photo of real coronary
from Nakashima et al.

Even publications that cited 
Nakashima et al. work the 
above and reprinted their 
images, yet misrepresent 
coronary artery design.  

58

It actually says “diffuse intimal thickening” 



Rhee JW, Wu JC: Advances in nanotechnology for the 
management of coronary artery disease. Trends in 
Cardiovascular Medicine 2013, 23:39-45

Coronary 
tunica 
intima –
no resident 
cells shown
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https://www.britannica.com › science › atherosclerosis
Access on 11/03/2019

tunica 
intima

Real coronary
from Nakashima et al.

This 
misrepresentation
also occur in 
numerous mass-
media platforms 
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But for sake of logic, if we accept the neovascularization from 
adventitial vasa vasorum as a known pathway bringing certain blood 
components to an already formed plaque, why do we reject same 
pathway for the deep lipid accumulation in initiation of CA? Why do 
we depict coronary morphology and initial lipid deposition incorrectly 
in all analyses showing “subendothelial lipid deposition?

I suggest that the answer is very simple: because the notion that –
the intimal proliferation/thickening and neovascularization from 
adventitial vasa vasorum is the initiation of the CA – contradicts the 
accepted doctrine on the atherosclerosis pathogenesis, which is:

• ‘‘Lipids enter the arterial wall as compounds with protein 
fractions of blood plasma directly from arterial lumen’’.
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Similar changes in endothelial morphology we reported in naïve mouse aorta.

From: Heo et al. Shear Stress and Atherosclerosis. Molecules and Cells, 2014; 
37(6): 435-440

Steady laminar flow -
Physiologic Arterial 
Shear Stress

Disturbed flow –
Low Arterial Shear 
Stress



The word ‘pathogenesis’ comes from the 
Greek pathos (disease) and genesis
(creation) and is interpreted as ‘the 
origination and development of a disease’, or 
in plain language, ‘events from which a 
disease begins and then progresses’. 
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From: Cornelisson at all., 2019. This article 
discusses the role of iron and macrophages 
in the pathogenesis of atherosclerosis. But it 
is NOT about atherosclerosis pathogenesis, it 
is late-stage inevitable complications.



Is enlargement of coronary tunica intima a preventable and treatable 
and treatable condition?

What could be the actual conditions that promote proliferation of 
intimal cells in coronaries?
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Why coronary artery is the main target of atherosclerosis?

At least one reason is obvious: coronary artery has the thickest tunica 
intima, which is an avascular compartment, and, hence, the largest 
net of adventitial vasa vasorum.
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Three-dimensional 
micro-CT images 
(1 cm segment), 
representative for each 
group, are showing the 
lumen in red and
the perfused adventitial 
VV in blue. Other arterial 
components are not 
visualized (all autopsy or 
explantation).

Hildebrandt et al., Differential distribution of vasa vasorum in different 
vascular beds in humans, Atherosclerosis, 2007.



Thickening coronary intima → intimal cell 
hypoxia → hypoxia-induced expression of 
vascular growth factors (HIF-1, VEGF, 
etc.) → intimal neovascularization from 
adventitial vasa vasorum → lipids 
extraction from blood by lipophilic 
biglycan → initiation of lipid depositions 
and CA → and only then → plaque 
formation.
This pathogenesis model is not new:
‘‘. . . intimal vascularization is a function 
of intimal thickness and not of 
atherosclerosis’’.

This passage was written by Erich Geiringer, 
University of Edinburgh
E. Geiringer. Intimal vascularization and 
atherosclerosis. J. Pathol. Bacteriol., 63 (1951), 
pp. 201-211. 
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Study from Mayo Clinic Rochester, Rochester, MN:
Herrmann , et al. Coronary vasa vasorum neovascularization 
precedes epicardial endothelial dysfunction in experimental 
hypercholesterolemia. Cardiovascular Research 51 (2001) 762–766.
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From Herrmann , et al, 2001. Coronary vasa vasorum neovascularization 
precedes epicardial endothelial dysfunction in hypercholesterolemia model. 
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Normal diet Hypercholesterolemic

diet for 2 or 4 weeks
Hypercholesterolemic
diet for 6 or 12 weeks
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The same differentiation of tunica intima takes place in human aorta. Two 
weeks ago I found Kodak slides from my old presentation (1995-6?) at 
University of Pittsburgh, where I worked as assistant professor at the 
Department of Pathology:



Moreover, the neovascularization preceding lipoprotein depositions is a 
well-known pathway in other non-cardiac disease: corneal lipid 
keratopathy. 
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The eye cornea is normally an avascular 
compartment, which upheld its transparency. 
More than 60 years ago, Cogan and 
Kuwabara described corneal lipid deposition 
followed by fatty plaque formation, as 
occurring only in if corneal areas that have 
been previously neovascularized. 
Furthermore, the authors pointed to 
morphological similarities between cornea 
lipid plaques and those in atherosclerosis, 
and suggested common pathogenesis. Human corneal lipid keratopathy



From: Malek et al. Hemodynamic shear stress and its role in 
atherosclerosis. JAMA, 1999,282:2035-2042.



From: Malek et al. Hemodynamic shear stress and its role in 
atherosclerosis. JAMA, 1999,282:2035-2042.

Schematic illustration of the focal nature of atherosclerosis and its 
tendency to affect arterial segment with low shear stress (bifurcations).


