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Endothelial dysfunction and compromised eNOS/
Akt signaling in the thoracic aorta during the
progression of Marfan syndrome
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Background and purpose: Aortic complications account for the major mortality in Marfan syndrome (MFS), a connective
tissue disorder caused by mutations in FBNT encoding fibrillin-1. We hypothesized that MFS impaired endothelial function and
nitric oxide (NO) production in the aorta.

Experimental approach: Mice (at 3, 6, 9 and 12 months of age) heterozygous for the FbnT allele encoding a cysteine
substitution (Fbn1<'%3°“/* Marfan mice, n=75), the most common class of mutation in MFS, were compared with age-
matched control littermates (n = 75). Thoracic and abdominal aortas from the two groups were studied.

Key results: Isometric force measurements revealed that relaxation to ACh (but not to sodium nitroprusside) was diminished
in the phenylephrine-precontracted Marfan thoracic aorta at 6 months of age (pECs0=6.12+0.22; maximal response,
Emax = 52.7 £ 6.8%; control: pECso=7.34+0.19; E.x = 84.8 +£2.2%). At one year, both inhibition of NO production with N*-
nitro-L-arginine methyl ester, or denudation of endothelium increased the phenylephrine-stimulated contraction in the control
thoracic aorta by 35%, but had no effect in the Marfan aorta, indicating a loss of basal NO production in the Marfan vessel.
From 6 months, a reduced phosphorylation of endothelial NOS (eNOS)**"' 77 and Akt™"3%8 detected by Western blotting was
observed in the Marfan thoracic aorta, which was accompanied by decreased levels of cGMP. Expressions of Akt and eNOS in
the abdominal aorta were not different between the two groups.

Conclusions and Implications: MFS impairs endothelial function and signaling of NO production in the thoracic aorta,
suggesting the importance of NO in the age-related progression of thoracic aortic manifestations.
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Introduction

Marfan syndrome (MFS), with incidence of 2-3 per 10000
individuals, is an autosomal-dominant disorder of the
connective tissue caused by mutations in FBNI-encoding
fibrillin (Fbn)-1 (Dietz et al., 1991; Pyeritz, 2000). Fbn-1 is the
major component of microfibrils, which act as an organizing
scaffold in the formation of elastic fibers in the extracellular
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matrix of large arteries. Abnormality in elastic fibers alters
load bearing by the aorta and predisposes to microdissection,
and degeneration and fibrosis of the media in the aorta
(Dietz et al., 1991; Pereira et al., 1999; Pyeritz, 2000), and
aortic aneurysm and rupture account for of the major cause
of mortality in MFS (Pyeritz, 2000).

Patients with MFS display increases in aortic stiffness index
and pulse wave velocity (Sandor et al., 2003; Bradley et al.,
2005; Vitarelli et al., 2006). Endothelial dysfunction, which is
also suggested by elevated plasma levels of von Willebrand
factor antigen and thrombomodulin in patients with MFS
(Wilson et al., 1999), may be involved in the above effects as
removal of the endothelium increases large artery stiffness
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(Boutouyrie et al., 1997; Wilkinson et al., 2002). Indeed,
alteration of Fbn-1 in MFS impairs the integrity of elastic
fibers within the endothelial layer (Davis, 1994). In addition,
endothelial permeability is reported to be impaired in MFS
(Sheremet’eva et al., 2004).

The inhibitory effect of endothelium-derived nitric oxide
(NO) on smooth muscle contractility is important in the
regulation of vascular tone. The basal arterial production
of NO is constitutively provided by a calcium-dependent
endothelial NO synthase (eNOS), whose activity is positively
controlled by the serine/threonine protein kinase AKkt,
through phosphorylation on Ser''”” (Dimmeler et al., 1999;
Wyatt et al., 2004). Activity of eNOS can be stimulated by
pharmacological agonists such as acetylcholine (ACh), and
by flow-induced shear forces on the endothelial cell wall
(Cocks et al., 1985; Pohl et al., 1986). It has been shown that
the maximum forearm blood flow in response to ACh
(Nakamura et al., 2000), and the flow-mediated vasorelaxa-
tion in the brachial artery in MFS patients were lower than
those of healthy controls (Wilson et al., 1999). However, the
regulation of endothelial function and NO signaling in the
development of aortic complications in this disorder remains
unexplored.

In the present study, the animal model used was hetero-
zygous for a cysteine substitution (C1039G) in a calcium-
binding epidermal growth factor — like domain in Fbnl
(Fbn1€t9396/+) " the most common class of mutation ob-
served in MES (Judge et al., 2004; Ng et al., 2004; Habashi
et al., 2006). We show that MFS is associated with impaired
endothelial NO secretion and propose that the endothelial
dysfunction plays a role in the progression of aortic
complications in MFS.

Methods

Experimental animals and tissue preparation
Heterozygous (Fbn1©193°%/*) mice were mated with C57BL/6
mice to produce equal numbers of Fbn1€'%3°%/+ ‘Marfan’
subjects (n=75) and wild-type ‘control’ (n=75). Marfan
mice were previously backcrossed to C57BL/6 for nine or
more generations (Judge et al., 2004; Ng et al., 2004; Habashi
et al., 2006) and genotyped as described (Judge et al., 2004).
Both strains were housed in the institutional animal facility
(University of British Columbia, Child and Family Research
Institute) under standard animal room conditions (12h
light-12h dark, at 25°C, 2-5 in a cage, Purina Chow diet),
and all animal procedures were approved by the Institutional
Animal Ethics Board. Mice at ages of 3 (n=40), 6 (n=40),
9 (n=40) and 12 (n=30) months were anesthetized with a
mixture of ketamine hydrochloride (80mgkg™') and xyla-
zine hydrochloride (12mgkg™") given intraperitoneally.
Endothelial function and NO signaling were assessed at
functional and molecular levels. The thoracic aorta (TA)
(from the aortic root, arch and along the descending TA
above the diaphragm) and the abdominal aorta (AA)
(between the diaphragm and the common iliac arteries)
were isolated and cleaned of connective tissues and blood,
with special care taken to preserve the endothelium (Okon
et al, 2003). In isometric force measurements, proper
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mounting and force assessment required a parallel vessel
segment (2 mm in length), so only the straight part of the TA
(i.e., the descending TA), instead of the curved segments (i.e.,
ascending TA or arch) was used. For the AA, the segment
below the renal artery was used. The remaining TA and AA
segments were flash-frozen for Western immunoblotting and
quantification of cyclic guanosine monophosphate (cGMP).

Measurement of isometric force

TA/AA segments (2mm) were mounted isometrically in a
small vessel myograph (A/S Danish Myotechnology, Aarhus
N, Denmark) for measuring generated force (Okon et al.,
2003). Aortic segments were stretched to the optimal tension
(obtained from preliminary experiments, the maximal force
generation given in response to phenylephrine and 80 mm
KCI buffer; for TA = 6.0 mN; for AA = 3.5 mN, and which were
the same for both control and Marfan mouse aorta) for
20min. The vessels were thereafter challenged twice with
80 mM KClI, then contracted with 3 uM phenylephrine before
making cumulative applications of ACh or sodium nitro-
prusside (SNP) (0.01 nM-10 pM). The percent of relaxation
compared to the initial phenylephrine-induced contraction
was recorded at different concentrations of ACh and
concentration-response curves were constructed. The nega-
tive logarithm (pD;,) of the concentration of ACh giving
half-maximum response (ECso) was assessed by linear inter-
polation on the semilogarithm concentration-response
curve (pD,=—log(ECsp)). To study the effect of N”-nitro-L-
arginine methyl ester (L-NAME, 200uM), vessels were
incubated with this compound for 30 min before continuing
with the protocol. In some experiments, the endothelium
was mechanically removed by passing a 40-um-diameter
stainless wire through the vessel lumen.

Western immunoblotting

Because of the limited sample from each mouse, TA and AA
were pooled in groups with the same strain and age.
Procedures of Western blotting have been previously
described (Okon et al., 2005). Briefly, flash-frozen aortic
segments were ground with liquid nitrogen in a stainless-
steel motor and pestle. Tissue powder was mixed in nine
volumes of ice-cold lysis buffer and samples were homo-
genized by a glass homogenizer (Okon et al., 2005). Super-
natant was collected by centrifugation at 14 000 g for 20 min
at 4°C. Protein samples (10 ug) were run on an 8% (for eNOS)
or 11% (for Akt) sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) and the separated proteins
were transferred to polyvinyldifluoride membranes. Non-
specific-binding sites were blocked. The membranes were
then incubated with the appropriate antibodies as follows:
monoclonal antibody to eNOS (1 ug ml~%), rabbit polyclonal
antibody to phospho-eNOS*™177 (1:1000), rabbit polyclonal
antibody to Akt (1:1000) or rabbit polyclonal antibody
to phospho-Akt™3% or phospho-Akt®™”3 (1:1000). After-
wards, membranes were incubated with anti-rabbit or
anti-mouse immunoglobulin (IgG) peroxidase-conjugated
secondary antibodies (1:2500). Bound antibodies were
detected by the ECL Western blotting detection kit (Amer-



sham Life Sciences, Arlington Heights, IL, USA). To ensure
equal protein loading, membranes were stripped and
reprobed with anti-f-actin antibody (1:3000).

Aortic cGMP levels

cGMP content was measured as an indicator of eNOS activity
(Rapoport et al., 1983; Wyatt et al., 2004). The aortic
segments pooled from each animal at each age group were
ground to fine powder and homogenized as described in the
manufacturer’s instruction. cGMP content in the reconsti-
tuted aortic extract was measured using the Correlate-EIA
c¢GMP Enzyme Immunoassay Kit (Assay Designs, Inc, Ann
Arbor, MI, USA).

Calcium signals in the endothelial cells of aorta

Segments (2mm in length) of TA and AA maintained in
physiological saline solution with buffered with HEPES were
carefully inverted and the endothelial cells were loaded with
fluo-4 AM (5 uM) plus pluronic acid (5 uM) for 15 min at room
temperature (Wang et al., 1995; Ohata et al., 1997). The
aortic segment was then mounted in a wire myograph
chamber filled with the above solution. Data were acquired
using an Olympus BXS50WI microscope fitted with an
Ultraview Nipkow confocal (Perkin-Elmer, Waltham, MA,
USA). Images were captured with a x 60 water-dipping lens
(numerical aperture 0.90) at 300 nm intervals.

Statistics

Data were reported as meant+s.e.m. from at least four
independent experiments. Statistical analysis and construc-
tion of concentration-response curves were performed using
GraphPad Prism software. Differences between control and
Marfan groups were assessed by two-tailed Student’s t-test.
Differences between concentration-response curves were
analyzed by two-way analysis of variance (ANOVA). Statis-
tical significance was defined as P-values <0.05.

Drugs

Ketamine hydrochloride and xylazine hydrochloride (Re-
search Biochemicals International, Natick, MA, USA); phe-
nylephrine, ACh, KCl, SNP, L-NAME, pluronic acid, HEPES,
chemicals for preparing Krebs solution, anti-rabbit and anti-
mouse IgG peroxidase-conjugated secondary antibodies
(Sigma, Oakville, Canada); polyvinyldifluoride membranes
(BioRad, Hercules, USA); anti-eNOS antibody (BD Bio-
Sciences, Mississauga, Canada), anti-phospho-eNOS 177,
Akt, phospho-Akt™™3% and phospho-Akt>™’3 antibodies
(Cell Signaling, Beverly, Massachusetts).

Results

Animal model

Marfan mice developed kyphosis at about 2 months of age.
About 92% of them showed dilatation along the TA of
variable severity from 6 months of age. About 5% died
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suddenly between 5 and 8 months old, in association with
hemopericardium. About 9% of Marfan mice developed an
aneurysm along the AA.

Endothelium-dependent relaxation

In phenylephrine (3 uM)-precontracted aortas from control
and Marfan mice, addition of ACh-reduced force in a
concentration-dependent manner (Figure la and b). The
maximal responses of ACh-induced relaxation (Ep,x) in
Marfan TA at 3 and 6 months were only 70.3 and 62.1%,
respectively, of that in the controls (Figure 1c). Enax values
tended to decline with age in the control TA, but this
association of endothelial function with the age was
weakened in the Marfan aorta (Figure 1c). Values of pECso
for ACh that represented the sensitivity of endothelium
to this agonist indicated that at 6 months of age the
Marfan TA was less sensitive to ACh than the controls
(Figure 1e). This difference disappeared between 9 and 12
months owing to an age-dependent deterioration in the
controls. The Enax and pECso of ACh in AA were similar in
control and Marfan mice, and did not alter during aging
(Figure 1d and f).

Removal of endothelium completely abolished the ACh-
stimulated relaxation (data not shown). ACh stimulates not
only endothelial NO production but also the release of a
number of other vasodilators such as prostacyclin, and
endothelium-derived hyperpolarizing factor. We assessed
the ACh response in the presence of L-NAME (200 uMm)
and found that the effect of ACh was inhibited by pretreat-
ment of L-NAME by more than 90%, indicating that the
major portion of the response to ACh was related to NO
production.

To examine the role of endogenous NO in vasoconstriction
in control and Marfan aortas, the E,x values of phenyl-
ephrine (3 uM) were compared before and after the pretreat-
ment of L-NAME (200uM). L-NAME potentiated the
phenylephrine E,,,x in the TA from control mice at 3-, 6-,
9- and 12-month old by 47, 83, 55 and 38%, respectively
(Figure 2). This not only demonstrated a significant level of
NO production in the control TA, but also indicated a
delayed gradual loss of basal endothelial-dependent vaso-
relaxation during aging. In the Marfan TA, L-NAME had
no significant effect on the PE-induced contraction at
3-months, suggesting that, in young mice, the disease
progression associated with pronounced reduction of en-
dothelial NO production. Basal NO secretion was detected at
6 months as L-NAME potentiated the phenylephrine E,,,x by
207%. However, this compensatory mechanism started to
decline at 9 months as L-NAME increased phenylephrine
Enax by only 83%, and at 12 months it had no effect on
phenylephrine-induced contraction (Figure 2). In the AA,
L-NAME enhanced the phenylephrine E,x by 59, 47 and
62% in the control at 3, 6 and 9 months of age, respectively,
but had no effect in the Marfan AA.

Endothelium-independent vasodilatation induced by the
addition of SNP, a NO donor which bypasses endogenous NO
production by endothelial cells, completely dilated phenyl-
ephrine-precontracted control and Marfan aortas, without
a significant difference in En,x and pECso (Figure 3). This
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(open bars) and Marfan (closed bars) mice at 6 months of age. In the TA, the ACh-induced maximal relaxation response (Emax) is significantly
higher than that in the control (n=8-14, *P<0.05). The concentration-response curve of Marfan TA was right-shifted compared with the
control, indicating a decrease in the sensitivity to ACh-induced relaxation. Similar observations were not made in the AA. Values of £, and

pECs, at different age groups are presented in the bar graphs (c-f).

indicates that the sensitivity of smooth muscle to NO was
not altered in MFS.

Aortic levels of cGMP

NO activates guanylyl cyclase and elevates the cellular levels
of cGMP, which mediates most of the biological actions of
NO in vascular smooth muscle cells (Rapoport et al., 1983;
Wyatt et al., 2004). We found that the levels of cGMP in the
TA and AA homogenates from the two animal groups were
gradually decreased with age (Figure 4). However, a profound
difference between Marfan and control TA was observed at 3,
6 and 9 months, whereas the difference disappeared at 1 year
owing to an age-dependent loss in the controls, which
lagged behind that of Marfan mice (Figure 4a). A similar
phenomenon was not found in the AA (Figure 4b).
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Calcium signals in the TA endothelial cells

As eNOS is a calcium-dependent enzyme, we investigated if
the intracellular calcium level is modified by MFS. Regardless
of the age, ACh (1.0 uM) induced a transient increase in the
intracellular calcium concentration ([Ca®*];) in endothelial
cells of TA and AA from both strains without a significant
difference.

Signaling of NO production — eNOS and Akt

The activity of eNOS is upregulated via phosphorylation
at Ser''”” by Akt phosphorylated at Thr®%® or Ser*’®
(Dimmeler et al., 1999). We found that the phosphorylation
of eNOS>*"'177 in the Marfan TA was greatly downregulated
from the age of 6 months compared to the control
(Figure 5b). At 1 year a reduced phosphorylated eNOSS¢™*!77
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level was observed in the control group. Phosphorylated
Akt™39 remained at a constant level in the control during
aging, whereas it diminished in the Marfan group starting
at 9 months. Level of phosphorylated Akt>*™’3 was not
different between Marfan and control and was not changed
during aging (data not shown). The basal levels of eNOS and
Akt were not different between the two groups.

Discussion

Using a genetically defined and validated mouse model
of MFS, we were able to show for the first time that
endothelium-dependent relaxation in the TA is impaired in
MES, and that the endothelial dysfunction is likely owing to
the downregulation of Akt/eNOS-induced production of
NO. To study the age-related disease progression, we used
appropriate control littermates to distinguish between
observations owing to the pathogenesis of MES from those
owing to the physiological process of aging. We demon-
strated that the endothelial function and NO signaling of TA
and AA during disease development are greatly different,
which might be associated with the higher prevalence of
complications in the TA. We suggest that NO is crucial in the
pathogenesis of TA manifestations in MFS.

MFS demonstrates highly variable clinical manifestations
affecting the cardiovascular (progressive aortic dilatation
associated with aortic valve incompetence, mitral valve
prolapse and incompetence), ocular (lens dislocation and
myopia) and skeletal (arachnodactyly, pectus deformities
and scoliosis) systems (Pyeritz, 2000). Patients with MES have
an increased propensity for cardiovascular complications in

the form of aortic root dilatation, aneurysm and rupture,
leading to morbidity and sudden death (Dietz et al., 1991;
Pyeritz, 2000).

Abnormal microfibrils formation and degeneration of the
elastic laminae in the aortic media render the vessel wall less
able to sustain the pulsatile blood pressure in the aorta, as
the already ‘fragile’ elastic fibres are susceptible to further
fragmentation, predisposing it to aortic root dilatation and
dissection over time. In the clinical assessment of patients
with MFS, aortic distensibility, stiffness index and pulse-
wave velocity are predictive for dilatation and dissection
(Sandor et al., 2003; Bradley et al., 2005; Vitarelli et al., 2006).
The endothelium constitutively releases a number of
vasoactive mediators including NO to regulate smooth
muscle contractility and thus vascular smooth muscle tone
and mechanical properties (Ramsey et al., 1995; Boutouyrie
et al., 1997; Wilkinson et al., 2002). We observed that, in the
Marfan TA, endothelium-dependent relaxation stimulated
by ACh was compromised and this was not owing to the loss
of sensitivity of smooth muscle cells to NO, as the addition
of SNP still caused complete relaxation. Blockade of NO
production by L-NAME had no effect in Marfan TA in some
age groups (3 and 12 months), indicating the disease
progression at early stage of life (3 months), which was
followed by the restoration of endogenous NO secretion (6
months). However, such compensatory mechanism started
to decline during aging (9 months) and the basal NO-
mediated relaxation was absent at old age (12 months). The
reduction of NO production in TA correlated with the
decreased levels of cGMP, a downstream second messenger
of NO signaling. In MFS patients the forearm resistance
vessel blood flow in response to ACh was lower (Nakamura
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Figure 3 Concentration-response curves of SNP-induced relaxa-
tion in phenylephrine precontracted (a) TA and (b) AA from control
and Marfan mice at 6 months of age. The endothelium-independent
relaxation stimulated by SNP was not different between two animal
groups, suggesting that the sensitivity of smooth muscle to NO was
not altered in MFS.

et al., 2000), which was suggested to be associated with an
elevation of the pulse wave pressure in the ascending aorta
(Yin et al., 1989; Ceravolo et al., 2003). Conflicting data were
reported in a recent study as the ACh/bradykinin-mediated
dilatations of the brachial arteries were similar in MEFS
patients and healthy controls (Wilson et al., 1999). However,
reduced flow-mediated vasodilatation was evident in MFS
patients and this was suggested to be related to the impaired
mechano-transduction caused by abnormal Fbn-1, which
disturbs the functional relationship between blood flow and
endothelial function (Wilson et al., 1999). In addition, it has
been shown that MFS and aortic aneurysm are associated
with elevated plasma levels of homocysteine, which attenu-
ates endothelial function and limits NO bioavailability
(Giusti et al.,, 2003; Jiang et al., 2005). The impaired
vasorelaxation owing to decreased NO production may limit
vessel responsiveness and large-artery distensibility. Such
increased vascular stiffness adds greater afterload stress on
the heart (Yin et al., 1989; Jeremy et al., 1994). Structural
stiffness also could alter endothelial function and thereby
further enhance stiffening (Peng et al., 2003).
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The underlying mechanism of endothelial dysfunction
and impairment of NO synthesis during the progression of
MES has never been studied. However, endothelium is likely
to be affected in MFS, as Fbn-1-rich microfibrils are abundant
in the connective tissue matrix, intermediately subjacent
to arterial endothelial cells (Kielty et al., 1996). It has been
reported that microfibrils composed of Fbn-1 are important
in the integration of the endothelial cell layer during the
development of vascular architecture (Davis, 1994). In
patients with MFS, endothelial dysfunction was suggested
by the elevated plasma levels of von Willebrand factor
antigen and thrombomodulin (Wilson et al., 1999). Stimula-
tion of endothelial cells by receptor-dependent agonists or
by shear stress elevates [Ca%™"];, which leads to increased
eNOS activity and NO release (Wyatt et al., 2004). However,
in the present study we excluded the possibility of aberrant
calcium handling in the regulation of eNOS function in
aortic endothelial cells as we did not detect any changes in
[Ca®™*]; responses to ACh measured by fluorescence confocal
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microscopy. Instead, we detected downregulation of
eNOS*™177 accompanied by a reduced Akt"™3% phosphor-
ylation in Marfan TA. The compromised NO production
could be attributed to over activation of transforming
growth factor-f signaling which is known to negatively
regulate activity of eNOS in endothelial cells (Neptune et al.,
2003; Ng et al., 2004; Schwartz et al., 2005; Habashi et al.,
2006). We suggest that NO donors, such as glyceryl trinitrate,
which reduces brachial arterial stiffness (Bank et al., 1999)
and pulse wave reflection (Yaginuma et al., 1986) in humans,
might be a therapeutic option for the treatment of MFS. Mild
exercise, which increases NO production possibly via
upregulation of vascular eNOS expression and eNOSS"!!7”
phosphorylation might also be beneficial for patients with
MES (Kojda and Hambrecht, 2005).

The differences between control and Marfan TA in
response to ACh-induced relaxation disappeared with age
owing to the fact that endothelial function and Akt/eNOS/
NO/cGMP signaling are progressively impaired during aging
(Ueda and Moritoki, 1991; Tao et al., 2004; Smith et al.,
2006). Advancing age is associated with derangement of
endothelial cells leading to a decrease in NO production
(Gerhard et al., 1996).

Interestingly, the effect of MES is not homogenous along
the aorta, as we observed profound differences between
Marfan and control groups with respect to the endothelial-
dependent relaxation and the eNOS/Akt signaling pathway
mainly in the TA but not in the AA. Endothelial dysfunction
and downregulated NO signaling particularly observed in
the TA would contribute to the increased vessel stiffness and
reduced distensibility (Yin et al., 1989; Jeremy et al., 1994;
Boutouyrie et al., 1997; Wilkinson et al., 2002), and this
might explain the high incidence of thoracic aortic dilata-
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tion (92%) in the Marfan mice. In humans, most of the
clinical manifestations and mortality of MFS are related to
different severity and types of thoracic aortic aneurysm and
dissection (Dietz et al., 1991; Pyeritz, 2000). Aneurysmatic
dilatations are usually confined to sections I and II of the TA,
whereas aneurysms in sections IV and V are much more rare
(Wolfgarten et al., 2001). TA and AA are largely different in
their inherent structural properties and composition, as well
as in the hemodynamics that they are exposed to (Wolinsky
and Glagov, 1969; Halloran et al., 1995; Orsi et al., 2004).
Possible reasons for the higher susceptibility of TA to disease
manifestations in MFS include the following: (1) The
relatively high proportion of elastin content and the highly
organized structure of elastic lamella in TA (Wolinsky and
Glagov, 1969; Halloran et al., 1995; Orsi et al., 2004). (2) The
particularly high and pulsatile blood pressure predisposes the
ascending part of the aorta to aneurysm. In patients with
MES, aortic aneurysm and dissection generally begin in the
‘root’ of the ascending aorta, then ‘tear’ along the whole
aorta over time. (3) NO has been suggested to be the major
vasodilatory mediator in TA (Castillo et al., 1997). Therefore,
a reduction of its production is likely to increase the
susceptibility to aortic complications. (4) The mechanisms
of aneurysm production are suggested to be different
between the ascending and AA. Atheroma is the dominant
lesion in the AA and genetic abnormalities predisposing to
‘mediacystic necrosis’ are more frequently observed in
ascending aortic aneurysms. Some ascending aortic aneur-
ysms are associated with bicuspid aortic valve defects, some
of which are familial. Familial factors however are less
evident in abdominal aortic aneurysms (Jondeau et al.,
2003).

In conclusion, we have demonstrated that MFS compro-
mised endothelial-dependent relaxation in the TA and that
the related pathogenesis was age-dependent. Endothelial
dysfunction was attributed to the downregulation of eNOS/
Akt signaling-induced NO production. During the progres-
sion of MFS, endothelial function and the NO signaling
pathways in the TA were greatly different from those in the
AA, consistent with the high prevalence of TA manifesta-
tions of the disorder in humans. Our discovery of decreased
NO production in TA of Marfan mice suggests a novel
therapeutic strategy, which might slow or reverse the
extensive vascular remodeling and aortic complications
in MFS.
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