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Smooth muscle phenotype in aortic diseases: Are there other
histopathological markers besides contractile myofibrils?

To the Editor,

More than 30 years ago, Campbell et al. (1) published their
classical paper on phenotypic changes in arterial smooth muscle
cell (SMC) populations. This has developed into a highly useful
concept explaining arterial wall homeostasis or pathogenesis
of many arterial diseases. Vascular SMCs occur between two
extreme phenotypes. The synthetic phenotype is responsible
for producing most of the vascular extracellular matrix, includ-
ing collagen, elastin, and glycosaminoglycans, of the ground
substance during ontogenesis and growth. Under normal con-
ditions, it gradually differentiates into the contractile phenotype
with abundant actin, myosin, and desmin myofibrils, which pro-
vide mechanical support even in large elastic arteries. However,
under pathological conditions such as atherosclerosis or any
other arterial inflammatory disease, mechanical damage, or hy-
pertension (2), cells switch back from the contractile to synthetic
phenotype, which often possesses migratory and proliferative
capabilities as well. According to our current understanding, this
is a hallmark of the progression of atherosclerosis and vascular
stenosis (3). The vascular SMC phenotype became a part of the
histological classification of atherosclerosis (4) as well as im-
portant for assessing the vulnerability of arterial wall, a concept
developed and well established in the laboratory of Renu Virmani
as recently summarized by Kolodgie et al. (5).

In this issue of the Anatolian Journal of Cardiology, a man-
uscript entitled “Aortic a-SMA expressions in the aortic dis-
orders and coronary artery disease: an immunohistochemical
study,” the authors report their findings on the distribution of
a-smooth muscle actin in arterial samples taken from patients
undergoing surgery for aortic dissection, aortic aneurysm, and
coronary artery disease. Similar studies with a valid design are
quite rare in the literature for several reasons: first, the number
of patients with dissection of thoracic aorta (6) or abdominal aor-
tic aneurysms (7), who are treated with endovascular surgery
or hybrid techniques rather than with open surgery, increases.
Therefore, collecting representative tissue samples for histo-
logical studies from patients undergoing open surgery usually
requires a very long time. Second, most aneurysms and dissec-
tions of the aorta are accompanied with a partial or complete
loss of rotational symmetry of aortic wall. As a consequence, a

careful histological sampling is required to avoid sampling bias
because assessment of microscopic structure from a small and
incomplete part of aortic wall might provide results very differ-
ent from those present in adjacent site.

From the mechanical point of view, there are other proteins
relevant to the mechanical behavior of the aorta besides
a-smooth muscle actin. SMCs are supposed to passively
maintain the integrity of arterial wall (8) rather than actively
contribute to the tension. However, a recent study (9) showed
that glycosaminoglycans of the ground substance produced by
SMCs are of great mechanical importance, but unfortunately,
neglected in many histological studies. Similarly, integrin
molecules that connect SMCs to the laminin and type IV collagen
of the external lamina and therefore to the whole arterial matrix
show different expression patterns in the contractile phenotype
(a1g1, a7p1, and o8p1 integrins) than in the synthetic phenotype
(a2p1, a5g1, and avp3 integrins). In the future, we might expect
that the mechanical and homeostatic function of vascular SMCs
would be better explained when considering molecules binding
these cells to the surrounding arterial matrix.

Zbynek Tonar
Department of Histology and Embryology and Biomedical Center, Fac-
ulty of Medicine in Pilsen, Charles University, Pilsen-Czech Republic

References

1. Campbell GR, Campbell JH. Smooth muscle phenotypic changes
in arterial wall homeostasis: implications for the pathogenesis of
atherosclerosis. Exp Mol Pathol 1985;42:139-62. [CrossRef]

2. Ergiir BU, Cilaker Micili S, Yilmaz O, Akokay P. The effects of a-lipoic
acid on aortic injury and hypertension in the rat remnant kidney
(5/6 nephrectomy) model. Anatol J Cardiol 2015; 15:443-9. [CrossRef]

3. Zhang YN, Xie BD, Sun L, Chen W, Jiang SL, Liu W, et al. Phenotypic
switching of vascular smooth muscle cells in the 'normal region' of
aorta from atherosclerosis patients is regulated by miR-145. J Cell
Mol Med 2016;20:1049-61. [CrossRef]

4.  Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W Jr,
et al. A definition of advanced types of atherosclerotic lesions and
a histological classification of atherosclerosis. A report from the
Committee on Vascular Lesions of the Council on Arteriosclerosis,
American Heart Association. Circulation 1995; 92:1355-74. [CrossRef]

Address for correspondence: Zbynek Tonar, M.D., Ph.D., Department of Histology and Embryology and Biomedical Center
Faculty of Medicine in Pilsen, Charles University Karlovarska 48, 301 66 Pilsen, Czech Republic
E-mail: zbynek.tonar@Ifp.cuni.cz
Accepted Date: 03.10.2017

©Copyright 2018 by Turkish Society of Cardiology - Available online at www.anatoljcardiol.com
DOI:10.14744/AnatolJCardiol.2017.25927



1 8 Tonar et al.
Smooth muscle phenotype in aortic diseases

Anatol ) Cardiol 2018;19: 17-8
DOI:10.14744/ Anatol)Cardiol.2017.25927

Kolodgie FD, Yahagi K, Mori H, Romero ME, Trout HH Rd, Finn AV, Vir-
mani R. High-risk carotid plaque: lessons learned from histopathol-
ogy. Semin Vasc Surg 2017; 30:31-43. [CrossRef]

Li FR, Wu X, Yuan J, Wang J, Mao C, Wu X. Comparison of thoracic
endovascular aortic repair, open surgery and best medical treat-
ment for type B aortic dissection: A meta-analysis. Int J Cardiol
2018; 250: 240-6. [CrossRef]

Rosenblum JM, Chen EP. Thoracoabdominal aortic aneurysm re-
pair: open, endovascular, or hybrid? Gen Thorac Cardiovasc Surg

2017 Aug 30. Epub ahead of print. [CrossRef]

Kochova P, Kuncova J, Sviglerova J, Cimrman R, Miklikova M, Liska
V, et al. The contribution of vascular smooth muscle, elastin and
collagen on the passive mechanics of porcine carotid arteries.
Physiol Meas 2012;33:1335-51. [CrossRef]

Kubikova T, Kochova P, Bréazdil J, Spatenka J, Burkert J, Kralickova
M, et al. The composition and biomechanical properties of human
cryopreserved aortas, pulmonary trunks, and aortic and pulmonary
cusps. Ann Anat 2017; 212:17-26. [CrossRef]



