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PAAT: A PATH TO ATHEROSCLEROSIS?
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The artery wall consists of intima, media, and adventitia, the latter gradually transiting into the periadventitial adipose tissue 
(PAAT). Although many paths lead to atherosclerosis, the prevailing paradigm at present is Russell Ross’s response-to-injury 
hypothesis, which states that atherosclerosis is a chronic inflammatory disease. This hypothesis considers the intimal smooth 
muscle cell proliferation as a key event in the generation, development and complication of atherosclerosis. Thus the potentially 
important role played by adventitial fibroblasts/myofibroblasts in atherosclerosis and postangioplasty restenosis, suggesting 
therapeutic perspectives targeted to these particular cells, has been neglected. Here we go further away from the intima, and 
focus on the potential involvement of PAAT in the process of atherogenesis and angioplasty-induced restenosis.
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An artery affected by atherosclerosis displays intimal and ad-
ventitial lesions associated with medial atrophy (1). Although 
many paths lead to atherosclerosis, the prevailing paradigm 
at present is Russell Ross’s response-to-injury hypothesis, 
which states that atherosclerosis is a chronic inflammatory 
disease that involves several aspects of wound healing-like 
vascular remodeling (1,2). This hypothesis proposes endo-
thelial dysfunction, lymphocyte and monocyte extravasation 
into the intima, and vascular smooth muscle cell (VSMC) 
proliferation and oversecretion of matrix molecules (1,3) as 
key events in the generation, development and complications 
of atherosclerotic plaques. Because advanced intimal lesions 
lead to erosion/rupture of plaque surface, resulting in acute 
coronary syndromes, the intima is considered by many authors 
the most important vascular area involved in the process of 
atherogenesis (reviewed in 1,2) . However, growing evidence 

rises the possibility of adventitial pathway of the vascular 
injury response (4-6), suggesting that atherogenesis is not just 
for intima and, respectively, intimal VSMC proliferation. For 
example, the otherwise excellent review (7), published in a spe-
cial section on “Advances in Atherosclerosis” in the November 
2002 issue of Nature Medicine, was a strongly VSMC-centric 
description and perspective in atherosclerosis, angioplasty-
induced restenosis, and transplant vasculopathy. While recent 
findings demonstrate that lumen narrowing is caused in large 
part by a fibrocontractive adventitial scaring (4) and adventitial 
inflammation (8), no specific attention was paid by Dzau et al 
(7)(except their reference 13) to cells, signals and/or reactions 
that may derive from both the adventitia and the periadventitial 
adipose tissue (PAAT), as clearly illustrated in their Figs. 1 and 
3. Meanwhile, in Fig. 3, the authors’ legend “VSMC mediate 
proliferation, inflammation, matrix alterations and contraction” 

 DANCE ROUND
WE DANCE ROUND IN A RING AND SUPPOSE,
BUT THE SECRET SITS IN THE MIDDLE AND KNOWS.

ROBERT FROST



64

Biomed Rev 13, 2002

65

Biomed Rev 13, 2002

Stankulov, Aloe, Ghenev, Manni, Pavlov, Fiore, and Chaldakov PAAT and atherosclerosis

can be replaced by “Myofibroblasts mediate...”, without any 
substantial changes in the Figure. Thus the important role 
played by fibroblasts/myofibroblasts in vascular inflammatory-
fibroproliferative diseases, suggesting therapeutic perspectives 
targeted to these particular cells, has been neglected. 
     Here, “bypassing” the adventitia, we will go further away 
from the intima, and focus on the potential involvement of 
PAAT in atherogenesis and angioplasty-induced restenosis.   
     The artery wall consists of intima, media, and adventitia, 
the latter gradually transiting into the PAAT. Adipose tissue 
is partitioned into few large depots, including subcutaneous 
and visceral location, and many small depots, associated 
with heart, large blood vessels, major lymph nodes, kidneys, 
adrenal glands, bone marrow, and even the brain (reviewed 
in 9). Indeed, the possibility that the endocrine secretory 
activity of large adipose depots may contribute to the altered 
plasma levels in various adipokine-associated diseases 
including cardiovascular disease (10-14) has recently gained 
considerable attention. However, the paracrine secretory 
activity of the small depots has until now attracted little 
attention in the adipobiology of disease. If signals can be 
targeted, via an endocrine pathway, from the large adipose 
depots through the blood circulation towards many organs in 
the body, then why not look for analogous paracrine influence 
from the organ-associated adipose tissue including PAAT? 
   The subepicardial adipose tissue surrounding the most 
proximal and atherosclerosis-prone portion of left anterior 
descending coronary artery is an excellent example of PAAT 
in atherosclerosis. The principle difference between coronary 
PAAT and adipose tissue elsewhere in the body is its greater 
capacity for free fatty acid release and uptake, thus acting as 
a local energy supply for the heart and/or as a buffer against 
toxic levels of free fatty acids (15) and toxic lipid-soluble 
substances that may accumulate in PAAT (16). This tissue the-
refore is “not a passive storehouse for fat”, as stated by Smith 
and Willius in 1933 (see 15). Neglected for nearly 70 years, 
the possible involvement of coronary PAAT in atherogenesis 
has been recently addressed (17-19). In PAAT surrounding 
human atherosclerotic coronary arteries, we have recently 
reported the first evidence for an elevated amount of nerve 
growth factor (NGF)(19), a prototypic member of the protein 
family of neurotrophins which, in addition to its action on dif-
ferentiation and survival of sympathetic and sensory neurons, 
exerts multiple effects on immune and other non-neuronal 
cells (20). This was accompanied by a strong mesenchymal 
reaction by “atherosclerotic” PAAT, consisted of an increased 
number of mast cells, microvessels and connective tissue septa, 
compared to controls. Whether such an increased amount of 
both NGF and mast cells [the latter can produce NGF (20)] 
may represent an intrinsic effort of this tissue to compensate 
the reduced levels of NGF found in atherosclerotic coronary 
vascular tissue (19) and in the blood plasma of patients with 

metabolic syndrome (21), remains to be evaluated. Also to 
be considered is whether the coronary PAAT’s mesenchymal 
reaction in atherosclerosis (17; and present study) may cont-
ribute to lumen narrowing, as suggested for the fibrocontrac-
tive adventitial scaring (4) and adventitial inflammation (8). 
Noteworthy, a recent work demonstrated that PAAT exerts an 
anti-contractile effect in aortic ring preparations, suggesting 
of PAAT-derived relaxing factor(s) (22). This finding reminds 
us the story of endothelium-derived relaxing factor, the now 
well-known nitric oxide. 
    Taken together, these data pressingly suggest that we should 
no longer consider PAAT separately from the respective artery, 
but keep PAAT attached and in place, and subject to thorough 
examination. Applying such an “adipoprotective” strategy, re-
cent studies implicated major lymph node-associated adipose 
tissue in immune responses (23,24). 
     Another reason for subepicardial adipose tissue to serve as 
an excellent example of PAAT in atherogenesis is the close 
association of the coronary vasculogenesis with epicardial 
and subepicardial development, including epicardium-
derived mesenchymal cells invading the subepicardial 
matrix and differentiating into coronary VSMC and peri-
vascular fibroblasts, mediated by the transcription factor 
capsulin/epicardin (25-27). Thus coronary VSMC distinguish 
themselves ontologically, structurally and functionally as 
compared to VSMC in other blood vessels. The heterogeneity 
between these cells may subsequently involve an increased 
susceptibility of the coronary artery to atherosclerosis (28,29). 
Hence the question arises as to whether coronary PAAT may 
also contribute to that? Using capsulin/epicardin-based 
genetically modified mice fed with high-cholesterol diet 
may answer this and related questions. Accordingly, better 
understanding of the proepicardium-mediated coronary 
vasculogenesis may clarify mechansims of cardiovascular 
disease and suggest new therapeutic strategies.
     Overall, these findings support the hypothesis that PAAT 
may represent an important target for studying the adipo-
biology and therapy of atherosclerosis and postangioplasty 
restenosis.

REFERENCES

1. Ross R. Atherosclerosis – an inflammatory disease. N Engl 
J Med 1999; 340: 115-126.

2. Libby P, Aikawa M. Stabilization of atherosclerotic 
plaques: new mechanisms and clinical targets. Nat Med 
2002; 8: 1257-1262.

3. Chaldakov GN, Vankov VN. Morphological aspects of 
secretion in the arterial smooth muscle cell, with special 
reference to the Golgi complex and microtubular cytoske-
leton. Atherosclerosis, 1986; 61: 175-192. 

4. Wilcox JN, Okamoto EI, Nakahara KI, Vinten-Johansen J. 
Perivascular responses after angioplasty which may cont-



64

Biomed Rev 13, 2002

65

Biomed Rev 13, 2002

Stankulov, Aloe, Ghenev, Manni, Pavlov, Fiore, and Chaldakov PAAT and atherosclerosis

ribute to postangioplasty restenosis: a role for circulating 
myofibroblast precursors? Ann NY Acad Sci 2001; 947: 
68-90.  

5. Van der Loo B, Martin JF. The adventitia, endothelium 
and atherosclerosis. Int J Microcirc Clin Exp 1997; 17: 
280-288.

6. Kozai T, Shimokawa H, Yamawaki T, Fukumoto Y, 
Kadokami T, Kuwata K, et al.  Platelet activating factor 
causes hyperconstriction at the inflammatory coronary 
lesions in pigs in vitro. Coron Artery Dis 1997; 8: 423-
432.

7. Dzau VJ, Braun-Dullaeus RC, Sedding DG. Vascular 
proliferation and atherosclerosis: new perspectives and 
therapeutic strategies. Nat Med 2002; 8: 1249-1256.

8. Seo HS, Lombardi DM, Polinsky P, Powell-Braxton 
L, Bunting S, Schwartz SM, et al. Peripheral vascular 
stenosis in apolipoprotein E-deficient mice. Potential 
roles of lipid deposition, medial atrophy, and adventitial 
inflammation. Arterioscler Thromb Vasc Biol 1997; 17: 
3593-35601.

9. Chaldakov GN, Stankulov IS, Fiore M, Hristova MG, 
Rancic G, Ghenev PI, et al. Adipoendocrinology and 
adipoparacrinology: emerging fields of study on the 
adipose tissue. Biomed Rev 2001; 12: 31-39.

10. Matsuzawa Y, Funahashi T, Nakamura T. Molecular 
mechanism of metabolic syndrome X: contribution of 
adipocytokines, adipocyte-derived bioactive substances. 
Ann  NY Acad Sci1999;  892: 146-154

11. Funahashi T, Nakamura T, Shimomura I, Maeda K, 
Kuriyama H, Takahashi M, et al. Role of adipocytokines 
on the pathogenesis of atherosclerosis in visceral obesity. 
Intern Med 1999; 38: 202-206.

12. Loskutoff DJ, Fujisawa K, Samad F. The fat mouse. 
A powerful genetic model to study hemostatic gene 
expression in obesity/NIDDM. Ann NY Acad Sci 2000; 
902: 272-281.

13. Sharma AM. Adipose tissue: a mediator of cardiovascular 
risk. Int J Obes Relat Metab Disord 2002; 26 (Suppl. 4): 
S5-S7. 

14. Ukkola O, Santaniemi M. Adiponectin: a link between 
excess adiposity and associated comorbidities? J Mol Med 
2002; 80: 696-702.

15. Marchington JM, Mattacks CA, Pond CM. Adipose tissue 
in the mammalian heart and pericardium: structure, foetal 
development and biochemical properties. Comp Biochem 
Physiol B 1989; 94: 225-232.

16. Strejc P, Gross R, Buchta M. Polychlorinated biphenyls 
in human subepicardial adipose fat. Soud Lek 1997; 42: 
2-4 (in Czech).

17. Arbustini E, Roberts WC. Morphological observations 

in the epicardial coronary arteries and their surroundings 
late after cardiac transplantation. Am J Cardiol 1996; 78: 
814-820.

18. Chaldakov GN, Stankulov IS, Aloe L. Subepicardial adi-
pose tissue in human coronary atherosclerosis: another 
neglected phenomenon. Atherosclerosis 2001; 154: 237-
238.

19. Chaldakov GN, Stankulov IS, Fiore M, Ghenev PI, Aloe 
L. Nerve growth factor levels and mast cell distribution 
in human coronary atherosclerosis. Atherosclerosis 2001; 
159: 57-66.

20. Aloe L, Tirassa P, Bracci-Laudiero L. NGF in neurolo-
gical and non-neurological diseases: basic findings and 
emerging pharmaceutical perspectives. Curr Pharm Des 
2001; 7: 113-123.

21. Chaldakov GN, Fiore M, Stankulov IS, Hristova M, 
Antonelli A, Manni L, et al. NGF, BDNF, leptin, and mast 
cells in human coronary atherosclerosis and metabolic 
syndrome. Arch Physiol Biochem 2001; 109: 357-360.

22. Lohn M, Dubrovska G, Lauterbach B, Luft FC, Gollasch 
M, Sharma AM. Periadventitial fat releases a vascular 
relaxing factor. FASEB J 2002; 16: 1057-1063.

23. Pond CM. Physiological specialisation of adipose tissue. 
Prog Lipid Res 1999; 38: 225-248.

24. Pond CM. Adipose tissue, the anatomist’ Cinderella, goes 
to the ball at last, and meets some influential partners. 
Postgrad Med J 2000; 76: 671-673.

25. Dettman RW, Denetclaw W Jr, Ordahl CP, Bristow J. 
Common epicardial origin of coronary vascular smooth 
muscle, perivascular fibroblasts, and intermyocardial 
fibroblasts in the avian heart. Dev Biol 1998; 193: 169-
181.

26. Hidai H, Bardales R, Goodwin R, Quertermous T, 
Quertermous EE. Cloning of capsulin, a basic helix-
loop-helix factor expressed in progenitor cells of the 
pericardium and the coronary arteries. Mech Dev 1998; 
73: 33-43.

27. Robb L, Mifsud L, Hartley L, Biben C, Copeland NG, 
Gilbert DJ, et al. Epicardin: A novel basic helix-loop-
helix transcription factor gene expression in epicardium, 
branchial arch myoblasts, and mesenchyme of developing 
lung, kidney, and gonads. Dev Dyn 1998; 213: 105-113.

28. Morabito CJ, Kattan J, Bristow J. Mechansims of 
embryonic coronary artery development. Curr Opin 
Cardiol 2002; 17: 235-241.

29. Landerholm TE, Dong XR, Lu J, Belaguli NS, Schwartz 
RJ, Majesky MW. A role of serum response factor in 
coronary smooth muscle differentiation from proepicardial 
cells. Development 1999; 126: 2053-2062.


