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My previous papers demonstrated perivascular adipose tissue (vascular " Kuiper

Belt ") and intimal atherosclerotic plaque are both the result of vascular remodeling!'°.

The perivascular adipocytes are essentially the same as the foam cells in atherosclerotic

intima’-8. Vascular " Kuiper Belt " is the product of early fetal vascular remodeling,

which is similar to the "Kuiper Belt" of solar system. They were born in the stage of

system generation and are widely distributed near the edge of the system. Therefore, I

name the perivascular adipose tissue as the vascular "Kuiper Belt" (Perivascular

adipose tissue = Vascular "Kuiper Belt")”8. This paper involves many physical and
mathematical principles, such as hydrodynamics*®, mechanical wave, calculus,

Newtonian mechanics, etc. I would discuss it from the following 3 aspects.

1. With the theory of vascular simple harmonic motion (SHM) and vascular
media dysfunction, they could interpret the developing and remodeling of early
blood vessels, and expounds the formation mechanism of vascular three-layer
structure, external elastic membrane, internal elastic membrane, and vascular

"Kuiper Belt", etc. Higher hydrostatic pressure can enhance the remodeling
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of fibrous connective tissue, while lower hydrostatic pressure can
"desertification" the existing fibrous connective tissue.

. With the theory of vascular simple harmonic motion (SHM) and vascular
media dysfunction, the mechanism of atherosclerosis is completer and more
reasonable.

To explore promising etiological treatment of vascular diseases, such as

atherosclerotic diseases, from the mechanism of vascular changes.

Fetal early vascular developing, remodeling and desertification

Vascular Simple Harmoniec Motions (SHM)
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Figure 1. Vascular simple harmonic motions (SHM)
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Figure 2. Fetal early vascular developing, remodeling and desertification
Early embryonic angiogenesis may directly or indirectly come from
mesenchymal stem cells, which can differentiate into various cells, such as smooth
muscle cells, endothelial cells, fibroblasts, myofibroblasts, etc. Therefore,
mesenchymal stem cells should play a decisive role in the formation of early blood
vessels. At the beginning of the primitive cardiovascular system, just like capillaries
and venules!®, the vascular system is composed of single or several layers of cells. At
this time, the blood vessels are very thin, which are not divided into intima, adventitia

or media (Figure.2A). With the developing of fetus, the hydrostatic pressure in the
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blood vessels gradually increases, and these thin primitive blood vessels must gradually
thicken to bear higher hydrostatic pressure. In the formation of primitive vascular
system, vascular remodeling is very strong for the participation of mesenchymal stem
cells. The outer side of the vessel began to grow outward and the inner side of the vessel
began to grow inward to form fibrous granulation tissue remodeling from both sides
following the gradual increase of hydrostatic pressure (Figure.2B). With the developing
of the fetus, the fetal heart starts to pump blood periodically, so the early blood vessels
begin to adapt to periodic pressure remodeling. Because the heart pumps blood
periodically and the blood vessels are elastic (similar to the simple harmonic motion
(SHM) of spring) (Figure 1), we can regard vasodilation and vasocontraction as the
superposition of many simple harmonic motions (SHM). Among these simple harmonic
motions (SHM) (Equation of simple harmonic motion (SHM) : x=Acos(ot+¢)), the
extreme values at two time points are special: One is the systolic pressure corresponding
to the maximum degree of vasodilation (Like the maximum distance the spring is
stretched) (Figure 1B, Figure 1E), the other is the diastolic pressure corresponding to
the maximum degree of vasoconstriction (Like the maximum compression of the spring)
(Figure 1C, Figure 1F), and other simple harmonic motions (SHM) lies between the
two extremes (Figure 1A). Therefore, the degree of vasodilation and vasoconstriction
of the same location is determined by these two extreme values, so we focus on the two
extremes of systolic pressure and diastolic pressure. According to the principle of
simple harmonic motion (SHM) in physics, the simple harmonic motion (SHM) moves

outward and inward around the equilibrium point (Figure 1D, Figure 1E, Figure 1F).



These equilibrium points (EP) are determined by the intravascular hydrostatic pressure
and natural characteristics of the blood vessel. Systolic pressure determines the
outermost edge (external elastic membrane) of the vascular equilibrium points, while
diastolic pressure determines the innermost edge (internal elastic membrane) of the
vascular equilibrium points. Other vascular equilibrium points (EP) of simple harmonic
motions (SHM) are between the external elastic membrane and the internal elastic
membrane (Range of EP of SHM) (Figure 1A). Fetal systolic pressure and diastolic
pressure basically determine the thickness of fetal vascular media in an individual. Of
course, fetal vascular media would be different for vascular bending / bifurcation or
different locations, which change the vascular hydrostatic pressure?. In addition, if the
blood vessels are located in the myocardial bridging / parenchymal tissues, these
surrounding parenchymal tissues would bear part of the hydrostatic pressure>!?. The
media of coronary artery in myocardial bridging or the vascular media in parenchymal
tissues would be relatively thin’. Therefore, the thickness of the vascular media in the
same fetus is also different. Due to the outward diffusion of pressure (energy) outside
the outermost equilibrium point determined by the systolic pressure, the adventitia
would remodel outward from the outermost equilibrium point (external elastic
membrane). The farther away from the lumen, the earlier the tissue formed, while the
tissue near the external elastic membrane formed later in fetal vascular adventitia
developing (Figure 2B). According to the natural characteristics of simple harmonic
motion (SHM), the innermost equilibrium point determined by the diastolic pressure is

opposite to the outermost equilibrium point. The intima would remodel inward from



the innermost equilibrium point (internal elastic membrane). The closer to the vascular
lumen, the earlier the tissue formed, while the tissue near the internal elastic membrane
formed later in fetal vascular intimal developing (Figure 2B).

In contrast to higher hydrostatic pressure strengthening fibrous connective
tissue remodeling'*'%!"(Figure.2A, 2B, 3B, 3C, 4A,), the lower hydrostatic pressure
would “desertification” the existing fibrous connective tissue and form adipocytes
/ foam cells (Figure. 2C, 2D, 3D, 3E, 4B, 4C, 5A, 5B). Due to the dynamic changes
of intravascular hydrostatic pressure or vascular structure during fetal developing, the
range of equilibrium points (EP) of vascular simple harmonic motions (SHM) is
constantly changing, resulting in the continuous change of the position of each layer of
blood vessels. With the thickening of the vascular wall and the narrowing of the lumen,
with the Continuity equation (pSv=constant, p= blood density, S= sectional area, v=
blood velocity ) and the Bernoulli equation (P+% pv>+pgh=constant, P: hydrostatic
pressure, p: fluid density, v: blood velocity, g: gravitational acceleration, h: height), the
hydrostatic pressure on the vascular wall becomes lower*>, so the range of equilibrium
points (EP) of simple harmonic motions (SHM) would gradually be reduced, resulting
in the gradual reduction of hydrostatic pressure in the adventitia / intima and the gradual
“desertification” of the existing fibrous connective tissue in the adventitia / intima,
which leads to perivascular adipose tissue (vascular "Kuiper Belt") / intimal
atherosclerotic plaque(Figure 2C, 2D). Vascular "Kuiper Belt" / intimal foam cells are

evidences of the range of equilibrium points (EP) of vascular simple harmonic motions



(SHM) moves gradually’®. The cells involved in this process include mesenchymal
stem cells, pericytes, myofibroblasts, fibroblasts, endothelial cells, macrophages, etc'>.

With the principles of physics, human anatomy and cell biology, this theory
perfectly explains the developing or remodeling of fetal blood vessels, the formation of
vascular three-layer structure, external elastic membrane, internal elastic membrane,
thickness of vascular media, vascular "Kuiper Belt"” and neonatal

atherosclerosis(Figure 1, Figure 2).

Pathological vascular remodeling
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Figure 3. Pathological vascular remodeling

Pathological vascular remodeling has both differences and similarities with fetal
early vascular developing and remodeling (Figure 2, Figure 3). Different from fetal

early vascular remodeling, with the growth and developing of the body, mesenchymal
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stem cells are basically lost and the three-layer vascular structure is basically stable.
My previous papers have described in detail the difference among the three layers of
blood vessels™'2. Due to the very weak regeneration of smooth muscle cells in the
media'®, vascular media dysfunction would form when loss / dysfunction of smooth
muscle cells occurs in the media. In my previous papers, I have described in detail the
remodeling of vascular media, intima or adventitia when media dysfunction occurs,
resulting in vascular changes such as atherosclerosis, stiffening or aneurysm, etc>"!2,
The theory of vascular media dysfunction can explain the occurrence
characteristics, prone sites and non-prone sites of human atherosclerosis, and solved the
questions that the traditional hypotheses of atherosclerosis cannot explain®!?.
Unfortunately, the vascular media dysfunction theory fails to explain the formation of
foam cells / vascular "Kuiper Belt"” (the vascular "desertification" of existing fibrous
connective tissue)(Figure 3D, 3E). This issue can be perfectly explained by combining
the principle of vascular simple harmonic motion (SHM) with the vascular media
dysfunction theory*®!?: Vascular media dysfunction (absolute or relative)!® increase
the range of equilibrium points (EP) of vascular simple harmonic motions (SHM) (The
spring gets looser (absolute) or bigger force on the spring (relative) can obviously
increase the amplitude of simple harmonic motion (SHM) ): The outermost point of the
equilibrium points (EP) moves outward and the innermost point of the equilibrium
points (EP) moves inward (Figure 3B). At this time, the hydrostatic pressure borne by
vascular adventitia / intima increases significantly, resulting in the remodeling of

granulation tissue dominated by myofibroblasts in adventitia / media / intima. Immune



cells, such as macrophages'”, also involved in fibrous connective tissue remodeling
(Figure 3B). However, the adventitia is mainly the vascular "desertification" "Kuiper
belt" and lacks sufficient supply of nutrients’. Although fibrous connective tissue
remodeling could still be formed in the sites with vasa vasorum, which is similar to the
"Oasis" in the "Desert", its remodeling is insufficient in the vascular "desertification"
"Kuiper Belt" (Figure 3C). Unlike adventitia "desertification" "Kuiper belt", the intima
has enough nutrients to form a large number of granulation tissue remodeling avoiding
to form aneurysm or rupture of the artery with higher hydrostatic pressure, and thus the
atherosclerotic plaque (fibrous plaque) is formed™>!'?(Figure 3C). The intimal excessive
remodeling of the fibrous connective tissue makes the lumen smaller™’8, With the
Continuity equation (pSv=constant) and the Bernoulli equation (P+%pv2+pgh=constant),
the hydrostatic pressure on the vascular wall becomes lower*’, so the range of
equilibrium points (EP) of simple harmonic motions (SHM) would gradually be
reduced (Figure 3D), resulting in the gradual reduction of hydrostatic pressure in the
adventitia / media / intima and the gradual “desertification” of the existing fibrous
connective tissue in the adventitia / media / intima, which leads to adipocytes / intimal
foam cells(Figure 3E). This is a vicious cycle, which leads to the continuous intimal
thickening. Fibrous connective tissue "desertification", degeneration, necrosis or
calcification results in the formation of various composite plaques. Combining the

4-6,12

theory of the vascular media dysfunction with the vascular simple harmonic motion

(SHM), it can perfectly explain human atherogenesis (Figure 3).
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Remodeling mechanism of graft vessel

Remodeling of venous graft into arterial system
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Figure 4. Remodeling of venous graft into arterial system
The remodeling of venous graft into arterial system is similar to that of early fetal
blood vessels (Figure 2, Figure 4). Because the media of venous graft is very thin, when
transplanted into the arterial system, the hydrostatic pressure increases significantly, the
media dysfunction is serious, and the range of equilibrium points (EP) of vascular
simple harmonic motions (SHM) would increase significantly as mentioned earlier
(Figure 4A). At this time, both the adventitia and intima of venous graft bear higher
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hydrostatic pressure (Figure 4A). Therefore, vessels need to be remodeling and
thickening to bear higher hydrostatic pressure. Unfortunately, the remodeling ability of
adventitia fibrous connective tissue is poor for the poor microcirculation of adventitia.
At this time, higher hydrostatic pressure would exacerbate the remodeling of intimal
fibrous connective tissue to compensate for the media dysfunction, so it would form
obvious thickening / atherosclerotic plaque of the intima (Figure 4B). With the
aggravation of lumen stenosis, as mentioned earlier, according to hydrodynamics, the
hydrostatic pressure borne by blood vessels decreases, which would “desertification”
the formed fibrous connective tissue and form various composite atherosclerotic
plaques (Figure 4C). If the remodeling of fibrous connective tissue is insufficient,
hemangioma would form on the venous graft.

2. Remodeling of arterial graft into venous system
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Figure 5. Remodeling of arterial graft into venous system

After arterial graft into the venous system, the range of equilibrium points (EP)
of simple harmonic motions (SHM) of arterial graft decreased significantly for the
hydrostatic pressure decreased significantly: The outermost point of the equilibrium
points (EP) moves inward and the innermost point of the equilibrium points (EP)
moves outward. At this time, the hydrostatic pressure borne by vascular adventitia /
media / intima decreases significantly (Figure 5A), resulting in the “desertification”
of existing fibrous connective tissue in adventitia / media / intima of arterial graft
forming adipose tissue / foam cells (Figure 5B). During this process, macrophages
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also play as a “scavenger” and would form macrophage derived foam cells /
adipocytes'® . The wall of the arterial graft would gradually become thinner and the
lumen of the arterial graft would gradually become larger (Figure 5C).

Etiological treatment of vascular diseases

Alleviating vascular media dysfunction Regulation of adventitia remodeling

1. Controlling risk factors 1. Turn the "Desert"” of "Kuiper Belt”

2.Targeted transplantation of i
2. Biocompatible supporting materials

mesenchymal stem cells 3
3. ..

I 1ntima
Bl Lumen

Regulation of intima remodeling

1. Fibrotic molecular pathways, such as TGF-f3 / Smad /ALK
2. ..

Figure 6. Etiological treatment of vascular diseases

The main mechanism of vascular developing and remodeling has been clarified
above. These findings can provide a theoretical basis for the etiological treatment of
vascular diseases, such as atherosclerotic diseases, aneurysm, dissection, etc. This
paper briefly describes the promising etiological treatment of vascular diseases in the
following 3 aspects (Figure 6):

1. Alleviating vascular media dysfunction

1.1 With controlling risk factors, reduce the damage of vascular smooth muscle

cells, and alleviate or reverse vascular media dysfunction®!*,
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1.2 After vascular media injury, targeted transplantation of mesenchymal stem
cells is one of the possible methods to reverse vascular media dysfunction.

2. Regulation of adventitia fibrous connective tissue remodeling

2.1 Strengthen microcirculation of vasa vasorum, turn the "Desert" of vascular
"Kuiper Belt" into "Oasis" inducing the fibrous connective tissue outward remodeling
to reduce intimal inward remodeling.

2.2 Biocompatible supporting materials are given to the adventitia of diseased
vessels.

3. Regulation of vascular intima fibrous connective tissue remodeling

Treatment of vascular diseases by regulating the fibrotic molecular pathways of
myofibroblasts',
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