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C ardiovascular characteristics in Marfan syndrome
patients are caused by defects in the fibrillin-1 (FBN1)

gene, encoding an extracellular matrix (ECM) protein present
in elastic tissues, such as the heart and blood vessels. Of all
the Marfan symptoms, the most life threatening is aortic
dissection and rupture before the age of 40 years. There is no
adequate treatment apart from aortic replacement surgery at
an aortic diameter of 4.5 cm. In the meantime, antihyperten-
sive medication, especially b-blockers and angiotensin recep-
tor blockers, is provided in these normotensive patients.
Because of aorta fragility, it is advised that Marfan patients
refrain from doing intense sports to prevent a rise in blood
pressure during exercise and thereby aortic aneurysm expan-
sion and rupture. This is in sharp contrast to most other
vascular patients, who are advised to enhance their sports
activities to reduce the burden of their cardiovascular
problems. Here, the findings described by Mas-Stachurska
et al1 in this issue of JAHA show in the Marfan Fbn1C1039G/+

mouse model (MF) that exercise is actually beneficial by
reducing aneurysm progression, which is counterintuitive but
exciting data.

Mas-Stachurska et al1 showed that MF mice and their wild-
type (WT) littermates already have clear differences at
4 months of age; MF mice exhibit enhanced aortic dilatation,
elastic lamina ruptures, aortic stiffness, as well as cardiac
hypertrophy, left ventricular fibrosis, and intramyocardial
vessel remodeling. At this age, MF and WT mice were split
into a sedentary and an exercise group. The treadmill workout
protocol was introduced for an additional 5 months in the
exercise groups (5 days a week, 1 hour a day). The question

was whether ongoing cardiovascular disease in the MF mice
would progress. Interestingly, exercise significantly reduced
the aortic dilatation rate, as well as cardiac hypertrophy in MF
mice, while other pathological characteristics remained equal.
So far, this study does not reveal the underlying mechanism,
leaving room for multiple hypotheses.

Exercise-mediated changes relevant to Marfan syndrome
are blood pressure alterations, enhanced tissue perfusion,
reduced arterial stiffness, ECM remodeling, improved
endothelial cell function, and enhanced contractile perfor-
mance of muscle cells. Tackling these changes 1-by-1 may
leave some clues.

MF mice in the exercise group showed a slight increase in
systolic blood pressure, when compared with the WT mice.
This would worry physicians, because of the guidelines
indicating to use blood pressure–lowering medication in
Marfan patients and provide a negative advice on intense
sports. Nowadays, mostly b-blockers and angiotensin recep-
tor blockers are prescribed to Marfan patients.2 In the study
of Mas-Stachurska et al,1 the blood pressure was increased,
while there was a reduced aortic dilatation rate and cardiac
hypertrophy. A discrepancy between blood pressure and
aortic complications in Marfan has been observed before
when the antihypertensive calcium channel blockers were
used, resulting in increased aneurysm growth in MF mice and
enhanced aortic surgery and dissection risk in Marfan
patients.3 These data support the statement that blood
pressure lowering per se does not seem to be beneficial in
Marfan, but rather that inhibition of specific signaling
pathways with b-blockers and angiotensin receptor blockers
is favorable.

Increasing perfusion of tissues in response to exercise may
provide better oxygenation and nutrient supply to the heart
and aorta to combat cardiovascular damage in Marfan
patients. Mas-Stachurska et al1 did not find a significant
expansion of the capillary network in the skeletal muscle of
the trained WT mice, while they did show a switch in the
oxidative status of these muscular fibers. Unfortunately, these
features were not studied in skeletal muscle of MF mice, nor
in the heart and aorta. In the heart, smaller-size intramyocar-
dial vessels with enhanced perivascular fibrosis were found in
MF mice compared with WT mice, possibly responsible for
part of the cardiac damage (cardiac fibrosis) observed in MF

The opinions expressed in this article are not necessarily those of the editors
or of the American Heart Association.

From the Academic Medical Center, Amsterdam, The Netherlands.

Correspondence to: Vivian de Waard, PhD, Department of Medical Biochem-
istry, Amsterdam Cardiovascular Sciences, Academic Medical Center, Univer-
sity of Amsterdam, Meibergdreef 15, Room K1-114, 1105 AZ Amsterdam, the
Netherlands. E-mail: v.dewaard@amc.nl

J Am Heart Assoc. 2017;6:e007465. DOI: 10.1161/JAHA.117.007465.

ª 2017 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribu-
tion and reproduction in any medium, provided the original work is properly
cited and is not used for commercial purposes.

DOI: 10.1161/JAHA.117.007465 Journal of the American Heart Association 1

EDITORIAL

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


mice. Yet training did not change vessel size or fibrosis, but it
did reduce cardiac hypertrophy. Even though improved organ
perfusion by enhanced capillary density should still be studied
in MF mice, no relief of intramyocardial vessel pathology was
observed upon exercise.

Aortic stiffness is a typical characteristic in Marfan
patients and mice,4,5 which is in part caused by reduced
elastin fiber integrity and ECM remodeling. Mas-Stachurska
et al1 show increased aortic stiffness in MF mice, which was
not reversed by exercise. This may be explained by similar
elastic lamina disruption and collagen deposition in trained
and sedentary MF mice. Since fibrillin-1, the most commonly
mutated protein in Marfan, is a core component of elastic
laminae, accumulation of elastic lamina ruptures usually
precedes aortic dilatation. Going against this dogma here,
aneurysm progression in MF mice is reduced by exercise
despite continuous accumulation of elastic lamina ruptures.
While elastin and collagen have been examined in this study,
there are many other ECM proteins to investigate in the
aneurysmal aorta as shown by proteomics approaches,6,7

which may have been beneficially altered by exercise to
facilitate aortic repair. It is not merely the abundance of
these ECM proteins that determines the stability of the
aorta, but the quality of the fibers and network they form
together that is important. This also determines the
(dys)function of the endothelial cells and smooth muscle
cells living in it.

Endothelial cells are essential in flow sensing and
communication with the underlying smooth muscle cells to
maintain vascular integrity.8 Endothelial cell dysfunction has
been reported in Marfan patients,9,10 so improving endothelial
function by exercise may influence aneurysm formation.
Interestingly, an exercise-induced cytokine produced and
secreted by skeletal and heart muscle cells, the so-called
“myokine” irisin, reverses endothelial cell dysfunction, thereby
reducing atherosclerosis in hyperlipidemic mice.11 Communi-
cation via training-induced myokines may be a pathway
involved in improvement of cardiovascular function and
requires additional research.

Smooth muscle cells in the aorta vessel wall are
mechanosensing cells, indicating that mechanical changes
induce signaling and thereby determine cellular behavior. An
essential role for smooth muscle cell contractile force in
vascular integrity should not come as a surprise, illustrated by
a number of other aneurysmal diseases with defects in
smooth muscle contractile genes, such as ACTA2, MYLK, and
MYH11. Moreover, in Marfan aorta and cultured smooth
muscle cells there is a clear dysregulation of these contractile
proteins.4 Exercise induces enhanced mechanical force in
muscle cells. Where Mas-Stachurska et al1 show a metabolic
switch in response to exercise in skeletal muscle cells, they
did not investigate changes in the oxidative state of aortic
smooth muscle cells, potentially promoting cell survival in the
vessel wall.

In Marfan, a prominent detrimental signaling cascade is the
extracellular signal–regulated kinase (ERK)-1/2,12 and it
would be interesting to know whether exercise affects
smooth muscle cell ERK1/2 signaling. Mas-Stachurska et al1

propose, however, that the enhanced nitric oxide synthase-2
in MF mouse aorta13 may be downregulated by exercise,14,15

explaining normalization of the aortic dilatation rate to WT
level. Continuous nitric oxide generation by nitric oxide
synthase-2 induces vascular relaxation and hampers smooth
muscle cell contractility.

In summary, heart and aorta perfusion, ECM remodeling
in the aorta, endothelial dysfunction, and smooth muscle
cell contractility are processes altered by exercise in Marfan
syndrome, which may deserve further investigation in
preclinical and clinical studies (Figure). Very recently, Gibson
and colleagues found similar results on exercise in Marfan
mice16, showing that the data are very robust. Ultimately,
these studies may lead to a paradigm shift in the
management of Marfan syndrome, so that physicians may
advise Marfan patients to initiate a moderate exercise
program.
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Figure. A schematic overview of cardiovascular processes
influenced by exercise. Fbn1C1039G/+ Marfan mice were chal-
lenged for 5 months with daily (1 hour) treadmill exercise, which
decreased aortic aneurysm progression. The red cross marks
pathways studied by Mas-Stachurska et al, which were not
altered upon exercise, thus ruling them out for further investiga-
tion. The pathways with a green question mark were not
(extensively) studied yet upon exercise and deserve further
attention. ECM indicates extracellular matrix.
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