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Abstract

Ascending aortic aneurysm (AsAA) is a con-
sequence of medial degeneration (MD), deriv-
ing from apoptotic loss of smooth muscle cells
(SMC) and fragmentation of elastin and colla-
gen fibers. Alterations of extracellular matrix
structure and protein composition, typical of
medial degeneration, can modulate intracellu-
lar pathways. In this study we examined the
relevance of extracellular superoxide dismu-
tase (SOD3) and Akt in AsAA pathogenesis,
evaluating their tissue distribution and pro-
tein levels in ascending aortic tissues from
controls (n=6), patients affected by AsAA asso-
ciated to tricuspid aortic valve (TAV, n=9) or
bicuspid aortic valve (BAV, n=9). The results
showed a significant reduction of SOD3, phos-
pho-Akt and Akt protein levels in AsAA tissues
from patients with BAV, compared to controls,
whereas the differences observed between
controls and patients with TAV  were not sig-
nificant. The decreased levels of SOD3 and Akt
in BAV aortic tissues are associated with
decreased Erk1/Erk2 phosphorylation and
MMP-9 levels increase. The authors suggest a
role of decreased SOD3 protein levels in the
progression of AsAA with BAV and a link
between ECM modifications of aortic media
layer and impaired Erk1/Erk2 and Akt signaling
in the late stages of the aortopathy associated
with BAV.

Introduction

Cardiovascular pathologies are the main

causes of morbidity and mortality in western
society. In particular, the incidence of supradi-
aphragmatic aorta aneurysms ranges from 5 to
10 cases per 100,000 individuals per year, with
a peak incidence from the sixth to the seventh
decade of life.1 Ascending aortic aneurysms
(AsAAs), about 40% of aneurysms diagnosed,
are not generally associated to atherosclerosis
and most of them have an unknown aetiolo-
gy.2,3 AsAAs are divided into three different
forms: syndromic, familial non-syndromic, and
degenerative.4 Bicuspid aortic valve (BAV) is a
cardiac congenital abnormality, occurring in
up to 2% of all the live births, associated to
increased risk of both aortic valvulopathy and
aortopathy in the adult life.3,4 However, all the
different forms of ascending aortic aneurysm
(AsAA) are the result of medial degeneration
(MD), that is a pathological remodelling of the
media layer.4 In fact, MD is characterized by a
thinning of the tunica media due to the apop-
totic loss of smooth muscle cells (SMC), frag-
mentation of elastin and collagen fibers and
increased accumulation of mucoid material.4

Hence, both resident cells death and extracel-
lular matrix (ECM) derangement are hall-
marks of the aortopathies underlying
aneurysm development and progression.3,4

Furthermore, the dysregulated vascular remod-
elling, specific of aneurysm development, is
associated to modification of intracellular sig-
naling in different cell types.2,5

The extracellular superoxide dismutase
(SOD3) belongs to a family of metalloenzymes
with superoxide dismutase activity.6-8 This pro-
tein is a copper and zinc enzyme, that removes
superoxide anions from the extracellular
microenvironment, via the dismutation of two
moieties of this reactive oxygen species (ROS)
to hydrogen peroxide and molecular oxygen.7,8

The SOD3enzyme mantains the ECM homeosta-
sis and, in physiological conditions, it is present
to a great extent in aorta media layer.7-10

Moreover, SOD3 overexpression mediates
anti-apoptotic signaling by inducing the acti-
vation of Akt and Ek1/2 pathways.11 Indeed,
ECM protein composition and the signaling
from ECM to cells, also referred as outside-in
signalling, modulate intracellular pathways
involved in a number of cellular functions. 2,5

Akt affects cellular survival and proliferation,
and, in aortic SMC, it regulates the expression
of matrix metalloprotease-9 (MMP-9), a key
proteinase in ECM destruction associated to
MD.12,13 On the other hand studies focused on
genetically modified mouse strains demon-
strated that Erk1/Erk2 activation, induced by
TGF- ��contributes to aortic aneurysm.14

In this study we examined the relevance of
SOD3 and Akt in the late stages of the aortopa-
thy associated with tricuspid aortic valve (TAV)
or bicuspid aortic valve (BAV). To this aim, we
evaluated SOD3 and Akt tissue distribution

and their protein levels in ascending aorta tis-
sues from control subjects and patients affect-
ed by AsAA with either TAV or BAV. Moreover
we analysed the pErk1/Erk2 and MMP-9 levels
in control ascending aorta tissues and in
aneurysmal ascending aortic tissues. 

Materials and Methods
Aortic tissues
Pathological aortic wall specimens were

obtained from the outer curve (convexity) of
the ascending aorta in patients undergoing
elective surgical repair for AsAA, associated to
TAV (n=9, 2 males, 7 females, mean age
69±12, aortic diamater 5.5 cm±0.7), or BAV
(n=9, 7 males, 2 females, mean age 59±16,
aortic diameter 4.9 cm±0.3). Valve morphology
(TAV/BAV) was defined on the basis of concor-
dant echocardiographic diagnosis, surgical
inspection and pathologic examination.
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Patients were selected on the basis of clinical
factors known to affect SOD3 expression
and/or vascular localization:7,8 patients with
diabetes, coronary artery disease, hypercoles-
terolaemia or preoperative heparin therapy
were excluded. Results were compared with
nonaneurysmal aortic samples collected from 6
control subjects (3 heart transplant donors and
3 patients undergoing coronary artery bypass
surgery with normal ascending aorta and aor-
tic valve). The investigation conforms to the
principles outlined in the Declaration of
Helsinki and informed consent was obtained
from all patients. Local Independent Ethical
Committee approval was obtained.
All the fresh tissue specimens were washed

in PBS solution and were divided in two
aliquots. One aliquot, used for proteins extrac-
tion, was stored at 4°C overnight in RNAlater
(Ambion Inc., Austin, TX, USA) and, without
supernatant, moved to -80°C for long-term
storage. Another aliquot was formalin fixed for
immunohistochemical analysis.

Chemicals and reagents
A protease inhibitor cocktail was obtained

from Roche Diagnostics Corporation,
(Indianapolis, IN, USA). Rabbit monoclonal
antibody against GAPDH was purchased from
Cell SignalTechnology Inc. (Danvers, MA,
USA); mouse monoclonal antibody against
human SOD3 was obtained from AbCam,
(Cambridge, UK); rabbit polyclonal antibody
against human p-Akt 1/2/3 (Ser473), rabbit
polyclonal antibody against human Akt 1, goat
polyclonal antibody against -actin, mouse
monoclonal MMP-9 antibody, mouse mono-
clonal pErk antibody, rabbit polyclonal Erk anti-
body and each secondary antibody conjugated
to horseradish peroxidase were obtained from
Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). All other chemicals were of analyti-
cal grade and were purchased from Sigma-
Aldrich (Saint Louis, MO, USA).

Immunohistochemistry
Aortic tissue samples were fixed in 10%

neutral buffered formalin and embedded in
paraffin (Bio-Optica Milano SpA, Milan, Italy),
then sliced into serial 4 m-thick sections and
placed on poly-L-lysine coated glass slides
(Menzel-Glaser, Brunswick, Germany). Slides
were deparaffinised, rehydrated and immersed
in 10 mM citric acid, pH 6, in a microwave oven
(VWR International PBI Srl, Milan, Italy) to
exclude epitope masking owing to fixation.
Sections were immunostained with primary
antibodies against SOD3 (1:10), Akt1 (1:100)
and phospho-Akt1/2/3 (1:50) and detected with
an indirect immunoperoxidase technique
employing UltraVision LP Detection System
HRP Polymer & DAB Plus Chromogen (Thermo
Fisher Scientific Inc., Waltham, MA, USA),

according to the manufacturer’s protocol. As
negative controls, sections were incubated
with PBS solution (Bio-Optica Milano SpA).
Nuclear staining was carried out using hema-
toxylin. Microscopic analysis was performed
with a Leica DMLB microscope (Leica
Microsystems, Wetzlar, Germany). Pictures
were taken in bright field with a digital camera
(Leica DC200; Leica Microsystems) connected
to the microscope.

Tissue protein extracts and
Western blotting analysis
Protein extracts were obtained from the

whole aortic wall. Briefly, 100 mg of aortic tis-
sues were homogenised in 500 µL of extraction
buffer (50 mM Tris HCl, pH 7.4, 5 mM EDTA,
250 mM NaCl, 0.1 %Triton, 10 mM DTT, 0.2 mM
PMSF, supplemented with protease inhibitor
cocktail) on ice and then samples were incu-
bated for 30 min at 4°C. The supernatants
obtained after centrifugation at 14,000 g for 30
min at 4°C were collected and constituted the
total protein extracts. Protein concentration
was determined by the Bradford assay using
bovine serum albumin as standard.15 Western
blotting analysis was performed with 20 µg of
total protein extracts. Briefly, protein samples
were dissolved in SDS-reducing loading buffer,
run on a SDS/PAGE and then transferred to
Immobilon P membrane (Millipore
Corporation, Billerica, MA, USA). The filter
was incubated with the specific primary anti-
body at 4°C overnight and then with the horse-
radish peroxidase-linked secondary antibody
at room temperature for 1 h. In particular, for
pAkt and pErk protein levels analysis, filters
were incubated with anti-pAkt and anti-pErk
primary antibodies and with the horseradish
peroxidase-linked secondary antibodies.
Membranes were then analyzed by an
enhanced chemiluminescence reaction, using
WesternBright ECL-HRP substrate (Advansta,
Mello Park, CA, USA) according to the manu-
facturer’s instructions; signals were visualized
by autoradiography. Filters were then stripped,
using AbCam stripping solution, pH 2 (200 mM
Glycine, 3.5 mM SDS, 1% Tween-20) at 45°C
for 30 min and washed 3 times with PBS-
Tween 0.1%. Blocking was performed again,
before incubation with anti-Akt and anti-Erk
primary antibodies. Membranes were then
analyzed by an enhanced chemioluminescence
reaction, as previously specified. Densitome -
tric analysis of band intensity was performed
using the Image J 1.48i version (Wayne
Rasband National Institutes of Health, USA).

Gelatin gel zymography
MMP-9 activity was measured using gelatin

gel zymography. Gelatinolytic activity in 30 µg
of total protein extracts was detected by SDS-
PAGE zymography. Samples were analysed

under non reducing conditions without boil-
ing, through a 10% SDS-polyacrylamide gel co-
polymerized in presence of gelatin (2 mg/mL)
for gelatinolytic zymography. After the elec-
trophoresis run, carried out at 35 mA for 150-
210 min at 4°C, the gels were washed, rena-
tured in a 2.5% Triton X-100 solution for 1 h.
The gels were then incubated in developing
buffer containing 50 mM Tris-HCl, pH 7.5, 200
mM NaCl, 5 mM CaCl2 and 5 µM CaCl2 at 37°C
for 48 h, which allows substrate degradation.
Finally, the gels were fixed in 30% methanol,
10% acetic acid for 30 min, stained with 0.1%
Coomassie Brillant Blue R-250. Proteolytic
bands were visualized by destaining with 50%
methanol and 5% acetic acid. The level of
MMP-9 enzymatic activity was determined by
quantifying clear band corresponding in size. 

Statistical analysis
Data are reported as mean ± standard devi-

ation (SD). The statistical significance of dif-
ferences between groups was evaluated using
one-way ANOVA with Bonferroni corrections. A
P-value of <0.05 was considered statistically
significant.

Results
Analysis of SOD3 and pErk1/Erk2
proteins
We first analysed the SOD3 distribution and

protein levels in tissues from patients with
AsAA and control subjects. To this aim, the aor-
tic specimens from control subjects (n=6) and
patients with AsAA associated to TAV (n=9) or
BAV (n=9) were assayed by immunohisto-
chemistry and immunoblotting for the evalua-
tion of SOD3 distribution and protein levels
(Figures 1 and 2). Hence, immunohistochemi-
cal analysis was carried out on nonaneurysmal
and pathological ascending aortic tissues
(Figure 1). Immunostaining for SOD3 protein
was observed both in ECM and inside the cells
of tunica media from ascending aortic tissues
of control subjects and TAV patients (Figure 1
A,B), whereas no SOD3 staining was evident
in AsAA tissues from BAV patients (Figure 1C).
Western blotting analysis of SOD3 in the pro-
tein extracts of the whole aortic wall showed
an evident difference in SOD3 protein levels
between nonaneurysmal and BAV pathological
samples (Figure 2A). However, the densito-
metric analysis showed that SOD3 levels
decreased also in TAV pathological samples
(Figure 2B). In particular, SOD3 levels
observed in BAV aortic tissues were about
three times lower compared to nonaneurysmal
tissues (P<0.05), whereas SOD3 levels in TAV
samples were not significantly different com-
pared to controls (P>0.05) (Figure 2B). 
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It is known that the overexpression of
SOD3, in skeletal muscle ischemia model, pro-
motes cell survival, tissue recovery, and corre-
lates with activation of Erk1/Erk2.11 Hence, to
test if there is a correlation between SOD3 pro-
tein levels and Erk1/Erk2 activation in ascend-
ing aortic tissues, we evaluated, by Western
blotting analysis, the levels of Erk1/Erk2 activa-
tion in normal and pathological aortic speci-
mens. As shown in Figure 3, a pErk1/2
decrease was detected in samples from BAV
patients compared to control subjects
(P<0.01), whereas that observed in TAV sam-
ples was not significant (P>0.05).

Analysis of Akt tissue distribution
and protein levels
The distribution of Akt in tissues from AsAA

patients was examined by immunohistochem-
ical analysis (Figure 4). In particular, a clear
intracellular phospho-Akt (pAkt) staining was
detected in the media layer of both controls
(Figure 4A) and aneurismal TAV tissues
(Figure 4B); conversely, intracellular pAkt
immunostaining was not detectable around
nuclear hematoxylin staining of aneurismal
BAV tissues (Figure 4C). Concerning Akt, its
intracellular staining was evident in controls
(Figure 4D) and TAV specimens (Figure 4E),
whereas it was hardly detectable in BAV tis-
sues (Figure 4F).
The comparison of pAkt and Akt levels in

protein extracts from nonaneurysmal ascend-
ing aortic wall and AsAA associated to TAV or
BAV is shown in Figure 5. A clear reduction of
pAkt level is evident in samples from BAV
patients (Figure 5A). Indeed, the densitomet-
ric analysis (Figure 5B) showed that the level
of pAkt and the ratio of pAkt/Akt were
decreased in tissues from BAV patients
(P<0.001 and P<0.01, respectively) compared
to tissues of control subjects, indicating a less-
er activation of Akt in AsAA tissues from BAV
patients. Moreover Western blotting and den-
sitometric analysis showed also Akt level
decrease in BAV tissues, compared to control
tissues (P<0.05). When the aortic specimens
from TAV patients were compared with those
from control subjects, a smaller, not significant
decrease of pAkt, Akt and pAkt/Akt ratio
emerged (Figure 5B). Altogether, immunohis-
tochemical and Western blotting results indi-
cate that pAkt, Akt levels and pAkt/Akt ratio are
significantly reduced in AsAAs with BAV and
that the signalling pathway of Akt may be
impaired in these tissues.

Analysis of MMP-9 protein levels
and enzymatic activity
It is known that expression and activation of

Akt downregulates MMP-9 protein levels in
human aortic SMC.13 Hence, to verify if the
reduction of Akt activation, observed in  BAV

patients, is associated to an increase of MMP-
9 levels, the aortic specimens from control sub-
jects and patients with AsAA were assayed by
immunoblotting and gelatin gel zymography
for the evaluation of MMP-9 protein levels and

enzymatic activity, respectively (Figures 6 and
7). Western blotting and its densitometric
analysis demonstrated a clear increase of
MMP-9 protein levels in AsAA tissues from BAV
patients (Figure 6 A,B). In particular, MMP-9
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Figure 1. Immunohistochemical analysis of SOD3 protein. Immunostaining of SOD3 in
nonaneurysmal ascending aortic media layer (A). Immunostaining of SOD3 in ascend-
ing aortic media layer from patients affected by AsAA associated to TAV (B) or BAV (C).
Representative images are shown. 
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protein levels were increased in tissues from
BAV patients compared to tissues of control
subjects and TAV patients (P<0.05) (Figure
6B). When the aortic specimens from TAV
patients were compared with those from con-
trol subjects no difference emerged.
Furtehermore, gelatin gel zymography (Figure
7 A,B)  demonstrated a great increase of MMP-
9 enzymatic acivity in tissues from BAV
patients compared to tissues of control sub-
jects and TAV patients (P<0.01).  

Discussion

Maladaptive vascular remodelling within the
media aortic layer leads to MD, a process that
at least in BAV patients affects particularly the
convexity of the ascending aorta (greater cur-
vature); as a consequence, the media layer
structural integrity is lost and this causes the
aneurysm formation, characterized, in
patients with associated aortic valve disease,
by expansion of the greater curvature predom-
inantly.1,3,16 The aortic media layer provides the
required vasal viscoelasticity through concen-
tric bands of elastin filaments with associated
collagen fibers and SMC; these structures are
termed lamellar units.17 Thirty two lamellar
units are present in the media of abdominal
aorta; these structures do not contain blood
vessels and represent an avascular zone,
receiving oxygen and nutrients only by means
of transintimal diffusion from the plasma.17 On
the contrary, the media layer of the ascending
aorta is formed by nearly sixty lamellar units
and contains, in its outer zone, vasa vasorum
penetrating the media from the adventitia,
thus creating a vascular zone.17 In particular,
the vascularization of ascending aorta outer
media is responsible for the high levels of oxy-
gen and derived ROS. Therefore, the ascend-
ing aortic media layer requires efficient
antioxidant enzyme systems to control both
intracellular and ECM redox state.
We observed that SOD3 protein levels are

strongly reduced in AsAAs associated to BAV
patients with respect to nonaneurysmal
ascending aortic tissues. Immunohisto -
chemical analysis demonstrated the presence
of SOD3 in both ECM and cells of tunica media
from nonaneurysmal ascending aorta and TAV
aortic tissues, but failed to detect any SOD3
immunostaning in BAV tissues.  The absence
of SOD3 immunostaining in the tunica media
of BAV pathological ascending aorta tissues is
explained by the significant and dramatic
reduction of SOD3 protein levels showed by
Western blotting analysis. Hence the strong
reduction of SOD3 levels observed in BAV tis-
sues, compared to nonaneurysmal tissues,
could be a distinctive marker of the late stages
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Figure 2. Analysis of Erk1/Erk2 phosphorylation in the ascending aortic wall. Western
blotting analysis, for SOD3 protein levels evaluation, was performed on ascending aorta
protein extracts from six nonaneurysmal aortas (N), nine patients with AsAA associated
to TAV and nine patients with AsAA associated to BAV (A); GAPDH was used as loading
control. Representative image is shown. Densitometric analysis of SOD3 protein levels
(B). Data are reported as mean ± SD. *P<0.05. 

Figure 3. Analysis of pAkt and Akt levels in the ascending aortic wall. Western blotting
analysis, to evaluate pErk1/Erk2 protein levels, was performed on ascending aorta pro-
tein extracts from six nonaneurysmal aortas (N), nine patients with AsAA associated to
TAV and nine patients with AsAA associated to BAV (A); the samples were normalized
with total Erk1/Erk2. Representative image is shown. Densitometric analysis of
pErk1/Erk2 protein levels (B). Relative Erk1/Erk2 activation represents the ratio between
the densities of pErk1/2 and Erk1/2 bands. Data are reported as mean ± SD. **P<0.01. 
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of the aortopathy associated with BAV.
Furthermore, it is known that SOD3 binds to
type I collagen and protects this structural pro-
tein from oxidative fragmentation;10 therefore,
the reduction of SOD3 levels detected in BAV
aortic specimens could be correlated also to
the ECM structural modifications in the AsAA
media layer. Besides the extracellular location
of SOD3, our study suggested the presence of
this enzyme also within the cells as evidenced
by a previous study;9 however, the biological
meaning of intracellular SOD3 localization is
still unknown.
Previous publication has demonstrated that

in patients affected by coronary artery disease
SOD3 activity is reduced.18 Laatikainen et al.
showed that SOD3 overexpression mediates
anti-apoptotic signaling in skeletal muscle
ischemia model and correlates with simultane-
ous activation of Erk1/2 and Akt.11

Furthermore, it has been shown that Ras-
Erk1/2 pathway, activated by the dismutase
reaction end product, H2O2, is a major signal
transduction cascade controlling SOD3 produc-
tion and then Erk activation and SOD3 expres-
sion might be coordinately regulated through a
positive feedback loop, most likely through
H2O2.19 In our experimental system decreased
SOD3 protein levels detected in the aortic wall
of AsAA from BAV patients is associated with
decreased Erk1/Erk2 phosphorylation: hence,
our data suggest that SOD3 production and
Erk1/Erk2 activation could be regulated
through a feedback loop. It is known that in
Marfan syndrome mice noncanonical TGF -
dependent signaling, associated with
Erk1/Erk2 activation, has a critical role in
aneurysm pathogenesis and that MMP-2 acti-
vates latent TGF- and augments the non-
canonical signaling cascade downstream,
including Erk1/Erk2 activation.14,20 On the con-
trary our data indicate that Erk1/2 activation
does not contribute to AsAA associated to BAV.
However other studies will be required to clar-
ify the biological role of feedback loop coupling
SOD3 with Erk1/2 activation in physiopatholo-
gy of ascending aorta. 
It is known that the dysregulated signalling

from ECM to the cells of aortic media layer
could depend on molecular, architectural and
redox alterations of ECM;2 here we show that
activation of Akt is dramatically reduced in
BAV pathological aortic tissues. The Akt kinase
family comprises three highly homologous
forms, controlling many cellular functions
such as cell growth, survival, proliferation, glu-
cose and lipid homeostasis.12 Akt1 is widely
distributed in tissues and regulates cell growth
and survival; in particular, in cardiovascular
apparatus Akt1 is the most important form
affecting relevant biological functions.12,21,22

Furthermore, Akt pathway is activated by SOD3
overexpression and H2O2.11,23 Hence, the strong
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Figure 4. Immunostaining of pAkt and Akt intracellular proteins in control and patho-
logical ascending aortic media layer. Immunohistochemical analysis of pAkt and Akt was
performed in nonaneurysmal ascending aortic media layer (A, D), in ascending aortic
media layer from patients with AsAA associated to TAV (B, E) or BAV (C, F).
Representative images are shown. 

Figure 5. Analysis of pAkt and Akt levels in the ascending aortic wall. Comparison, by
Western blotting analysis, of pAkt and Akt protein levels between ascending aortic tissues
from six nonaneurysmal aortas (N), nine patients with AsAA associated to TAV and nine
patients with AsAA associated to BAV (A). -actin was used as loading control.
Representative image is shown.  Densitometric analysis (B). Densities of pAkt and Akt
bands were measured and normalized respect to the densities of -actin bands. pAkt/Akt
represents the ratio between the densities of pAkt and Akt bands. Data are reported as
mean ± SD. *P<0.05, **P<0.01, ***P<0.001.



[European Journal of Histochemistry 2014; 58:2383] [page 205]

reduction of SOD3 in BAV AsAA tissues, lead-
ing to a decreased production of the extracellu-
lar H2O2, could have an influence on both mod-
ifications in the ECM redox state and activa-
tion of Erk1/Erk2 and Akt. 
In human aortic SMC, expression and acti-

vation of Akt reduces MMP-9 levels.13 In our
experimental system, the reduction of Akt acti-
vation and protein levels, showed in BAV tis-
sues, is associated with a significant increase
of MMP-9 protein levels and enzymatic activity.
MMPs are a family of proteases regulating the
homeostasis of connective tissue. MMP-2 and
MMP-9 are expressed in ascending aorta, and
degrade type IV collagen and partially degrade
elastin and fibrillar collagens.3 MMP-2 and
MMP-9 are synthesized by vascular SMC, in
response to hemodynamic changes and vari-
ous disease states.3 MMPs activity may be
inhibited by tissue inhibitors of metallopro-
teinase (TIMP);3 TIMP, of which TIMP-1 is the
most common in the aorta, are synthesized by
vascular SMC and fibroblasts.3 MMPs are
important factors in the development of AsAA,
and in particular Phillippi et al. showed
increased MMP-9 expression in BAV-associat-
ed AsAA tissues compared to control tissues.24

Thus, in our experimental system, the reduc-
tion of Akt activation and protein levels,
showed in BAV tissues, can be associated with
MD of BAV aortic tissues and specifically with
increased MMP-9 levels. 
However it is noteworthy that shear stress,

product of blood viscosity and velocity, has a
role in pathogenesis of BAV aortic disease, is
associated with cellular signalling cascades,
resulting in increased expression of MMPs and
growth factors that affect matrix degradation
and SMC apoptosis;3 moreover shear stress
changes the activation patterns of Akt and
Erk.25 Therefore, it is possible that differences
in hemodynamic and wall stress between
nonaneurysmal ascending aorta, AsAA with
TAV or BAV could further explain the detected
alterations of SOD3, pErk1/Erk2, pAkt and
MMP-9 levels.
In conclusion, although further studies will

be required to elucidate the biological rele-
vance of SOD3 and its interaction with
Erk1/Erk2 and Akt pathways in AsAA with BAV,
our study is the first to suggest a role of
decreased SOD3 protein levels in the progres-
sion of AsAA with BAV and a link between ECM
modifications of aortic media layer and
impaired Erk1/Erk2 and Akt signaling in the
late stages of the aortopathy associated with
BAV. Moreover our data support the hypothesis
that AsAA in TAV and BAV patients results from
different signaling pathways, molecular and
cellular mechanisms.26,27
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Figure 6. Analysis of MMP-9 protein levels in the ascending aortic wall. Western blotting
analysis (A) of MMP-9 protein levels, was performed on ascending aorta protein extracts
from six nonaneurysmal aortas (N), nine patients with AsAA associated to TAV and nine
patients with AsAA associated to BAV; GAPDH was used as loading control (A).
Representative image is shown. Densitometric analysis of MMP-9 protein levels (B). Data
are reported as mean ± SD. *P<0.05.

Figure 7. Analysis of MMP-9 enzymatic activity in the ascending aortic wall. Gelatin gel
zymography was performed on ascending aorta protein extracts from six nonaneurysmal
aortas (N), nine patients with AsAA associated to TAV and nine patients with AsAA asso-
ciated to BAV (A). Representative image is shown. MMP-9 activity was determined by
densitometric analysis of clear band corresponding in size (B). Data are reported as mean
± SD. **P<0.01.
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