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Perivascular Adipose Tissue is Component of Adventitia: Vascular “Kuiper Belt”

Xinggang Wang, PhD
Department of Cardiology, Renji Hospital Affiliated to Shanghai Jiaotong University

School of Medicine, Shanghai, China

Email: xinggangwang11@fudan.edu.cn

Figure 1. Perivascular Adipose Tissue is Component of Adventitia: Vascular
“Kuiper Belt”

The green mark is the inner boundary of the " Kuiper Belt " and the yellow mark is the
outer boundary of the " Kuiper Belt ".

A: HE staining of normal human coronary artery showed that the vascular media is

normal without obvious damage, and there is no obvious fibrous connective tissue
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remodeling in both intima and adventitia. Like the intima, " Kuiper Belt " has no
obvious fibrous connective tissue remodeling.

B: HE staining of human atherosclerotic coronary artery showed obvious destruction
of the vascular media and obvious fibrous connective tissue remodeling of the intima
and adventitia. Like the intimal fibrous connective tissue remodeling, "Kuiper Belt" has
significantly fibrous connective tissue remodeling. It is suggested that there is obvious
fibrous granulation tissue remodeling in intima / adventitia after vascular media
dysfunction. "Kuiper Belt" is included in the scope of adventitia, which more
objectively reflects the adventitia fibrous connective tissue remodeling.

C: ApoE "mice, high-fat diet for 6 months, as shown by HE staining of mouse coronary
artery and coronary vein. Fig. a show the mouse coronary artery, and there is no obvious
intimal thickening of coronary artery. The area between green and yellow is the thick "
Kuiper Belt " of the coronary artery. Fig. b is the mouse coronary vein, in which a
very thin " Kuiper Belt " can also be observed. Due to the much higher hydrostatic
pressure in the coronary artery, a thick vascular " Kuiper Belt " formed in the artery,
while a very thin vascular " Kuiper Belt " formed in the vein for much lower hydrostatic

pressure.

Main text
Although we usually do not feel the loss and renewal of our skin epidermal cells,
the cells have been in the process of death and renewal at all times. Blood vessels are

similar to our skin. Vascular cells have been in the process of death and renewal at all



times. However, the gradual loss of smooth muscle cells in the media would cause
irreversible damage to blood vessels, which may lead to pathological vascular
remodeling'. Except for capillaries and venules, all vessels possess three layers: intima,
media and adventitia®. Traditionally, under normal physiological conditions, the media
is mainly composed of smooth muscle cells and a small number of fibroblasts; The
intima is composed of endothelial cells and fibroblasts; The adventitia is mainly
composed of fibroblasts and macrophages?. Among these cells, smooth muscle cells are
stable cells with weak regeneration ability>. Endothelial cells, fibroblasts and
macrophages are labile cells, which have strong ability of regeneration, transformation,
repair, and remodeling*. Various risk factors can lead to the loss / dysfunction of smooth
muscle cells, which can lead to vascular medial dysfunction®, thus leading to the
significant increase of hydrostatic pressure on the single cell of the intima, media and
adventitia*$®. Other cells, such as endothelial cells, fibroblasts, mesenchymal stem
cells, pericytes, would be transformed into myofibroblasts® to remodel blood vessels,
leading to pressure remodeling of myofibroblasts in the media, intima or adventitia*.
This paper briefly introduces the remodeling of media and intima, and finally focuses
on the remodeling of adventitia. I would explain in detail why the perivascular
adipocytes are essentially the same as what the foam cells are in the intima. Therefore,
perivascular adipocytes are the result of adventitia remodeling, just like the foam cells
of intimal remodeling, so perivascular adipose tissue should be attributed to the
adventitia. The role of perivascular adipose tissue in blood vessels is similar to that of

the " Kuiper Belt " in the solar system. Therefore, the belt formed by vascular adventitia



remodeling composed of perivascular adipocytes and a small amount of fibrous
connective tissue be named the vascular " Kuiper Belt ".
Media remodeling

Because the media is located between the two elastic membranes, the media is
a relatively stable layer of blood vessels*. This layer is mainly composed of a large
number of smooth muscle cells and a small number of fibroblasts. Smooth muscle cells
are stable cells, and their regeneration ability is very weak®. Various risk factors can
lead to the loss / dysfunction of smooth muscle cells, which causes vascular media
dysfunction>°. Severe media dysfunction could lead to remodeling of myofibroblasts

in media, intima or adventitia®'’

. Vascular medial fibrosis can maintain the structural
relative integrity and partial function of the media. With the gradual loss of smooth
muscle cells in the vascular media, fibrous tissue will gradually degenerate, and the
structure and function of the vascular media would gradually lose®.
Intima remodeling

Under normal physiological conditions, the intima is mainly composed of
endothelial cells and fibroblasts. These cells have strong ability of proliferation,
transformation and repair. Therefore, if a small number of endothelial cells injury,
endothelial cells or fibroblasts could renewal these damaged cells to remain the intact
of the endothelium'. Human pathological studies found that the endothelium is intact
seen by microscopy or electron microscopy in initial lesion of atherosclerosis'!.

Therefore, compared with the media, the slow injury of only a small number of intimal

cells is unlikely to lead to serious intimal dysfunction.



Medical devices, vascular bending / bifurcation with rapidly varied flow, serious
infection, inflammation, etc. could cause rapid and severe damage to the intima'*®. If
the intima remodeling is insufficient, it would lead to dissection!. Only with intimal
injury, if it can be repaired, it would be completely repaired and would not cause
dissection'. Because the morphology of myofibroblasts is similar to that of smooth
muscle cells and has common cell markers, such as a-SMA, many previous studies
mistook myofibroblasts in the intima as smooth muscle cells'?.

My previous papers have described intimal remodeling in detail's*7%10:12-18,
Therefore, it would not be described in detail here.

Adventitia remodeling

The adventitia is mainly composed of fibroblasts, macrophages, fibrous
connective tissue, etc’. Like intimal remodeling, adventitia remodeling also plays an
important role in vascular remodeling®!®. Like our skin, vascular adventitia is being
renewed all the times. Because the adventitia is closely connected with perivascular
adipocytes, fibrous connective tissue is widely distributed in the surrounding
adipocytes, and the scope of the adventitia is difficult to determine'®. The traditional
concept that the vascular adventitia is thin is actually inaccurate. In fact, the adventitia
should be much wider than that of the traditional concept. In my paper, I have explained
that intimal foam cells and perivascular adipocytes are essentially the same cells
(intimal foam cells= perivascular adipocytes)'¢. The difference between adventitia and

intima is mainly in the following aspects (Table 1).



Source of Foam cells /Adipocytes | Cell size of Foam | Looseness of Fibrous

cells /Adipocytes | connective tissue

Intima Myofibroblast, Macrophage, etc. Smaller Dense
Adventitia | Myofibroblast, Macrophage, etc. Larger Loose
Table 1

Therefore, the adventitia is actually much thicker and should include a large
number of perivascular adipocytes'® and some loose fibrous connective tissue (Figure
1). Therefore, adventitia should be composed of fibrous connective tissue, fibroblasts,
macrophages and perivascular adipocytes (foam cells) outside the external elastic
membrane (Figure 1). When vascular media dysfunction occurs, just like the intima
fibrous connective tissue remodeling, it could also lead to adventitia “Kuiper Belt”
fibrous connective tissue remodeling'®!°(Figure 1). Perivascular adipocytes are the
result of adventitia remodeling, just as the foam cells in the intima are the result of
intimal remodeling (intimal foam cells= perivascular adipocytes)'®. Because foam cells
are part of the intima, perivascular adipocytes should also be part of the adventitia. Like
the "Kuiper Belt" in the solar system, although the "Kuiper Belt" is close to the outer
edge of the solar system and is so far from the sun, it still belongs to the scope of the
solar system. Similarly, the perivascular adipocytes should also be included in the scope
of vascular adventitia, which is more objective and reasonable (Figure 1).

All layers of blood vessels have certain plasticity. The plasticity of vascular media
is poor, while the plasticity of intima / adventitia is strong. If vascular media

dysfunction occurs, the intima / adventitia could fibrous connective tissue remodeling
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to compensate for medial dysfunction, which leads to atherosclerosis, stiffening,

aneurysms, etc*®!” (Figure 1). This is not just a conceptual innovation, it would make

us re understand the formation, remodeling and degradation of blood vessels. In the

future, we would treat vascular diseases by regulating the vascular "Kuiper belt"!*-2,
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