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AIMS
To evaluate if rivaroxaban, an oral factor Xa (FXa) inhibitor, could modify the expression in vitro of inflammatory and oxidative
stress biomarkers in abdominal aortic aneurysmal (AAA) sites showing intraluminal thrombus.

METHODS
AAA sites with intraluminal mural thrombus were obtained from six patients undergoing elective AAA repair. In addition, control
abdominal aortic samples were obtained from six organ donors. AAA sites were incubated in the presence and absence of
50 nmol l–1 rivaroxaban.

RESULTS
AAA sites showing thrombus demonstrated higher content of FXa than control. Interleukin-6 levels released from AAA [Control:
median: 23.45 (interquartile range: 16.17–37.15) vs. AAA: median: 153.07 (interquartile range: 100.80–210.69) pg ml–1 mg
tissue–1, P< 0.05] and the expression levels of nitric oxide synthase 2 were significantly higher in AAA than in control. The protein
expression level of NADPH oxidase subunits gp67-and gp91-phox, but did not gp47-phox, were also significantly higher in the
AAA sites than in control. Addition of rivaroxaban to AAA sites explants significantly reduced the release of interleukin-6 [median:
51.61 (interquartile range: 30.87–74.03) pg ml–1 mg tissue–1, P < 0.05 with respect to AAA alone] and the content of nitric oxide
synthase 2, gp67 and gp91-phox NADPH subunits. The content of matrix metallopeptidase 9 was significantly higher in the AAA
sites as compared to control. Rivaroxaban also reduced matrix metallopeptidase 9 content in AAA sites to similar levels to control.

CONCLUSIONS
FXa inhibition by rivaroxaban exerted anti-inflammatory and antioxidative stress properties in human AAA sites, suggesting a role
of FXa in these mechanisms associated with the pathogenesis of AAA.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Factor Xa (FXa), a procoagulant agent, exerts additional effects on the vascular wall such as alter energeticmetabolism and
oxidative stress.

• Abdominal aortic aneurysm (AAA) is important cause of cardiovascular morbidity and mortality, which is closely associ-
ated with degradation of extracellular matrix, inflammation and oxidative stress.

WHAT THIS STUDY ADDS
• Rivaroxaban, an FXa inhibitor, prevented proinflammatory and oxidative effects of FXa at the AAA site. In addition,
rivaroxaban reduced the protein expression of matrix metallopeptidase 9 at the AAA site.

• Our findings suggest that FXa seems to be involved in different pathogenic mechanisms associated with AAA.

Introduction
Abdominal aortic aneurysm (AAA) is important cause of car-
diovascular morbidity and mortality [1]. However, the patho-
genesis of AAA is still not fully understood.

Degradation of extracellular matrix within aortic wall is
considered one of the main mechanisms involved in AAA
growth [2, 3]. In this regard, matrix metallopeptidase 9
(MMP9) has attracted particular interest since its expression
was observed enhanced in plasma from patients with AAA
and increased MMP9 expression in AAA was associated with
AAA progression better than to AAA size [4–6].

In addition to MMP9, other mechanisms, such as those
associated with inflammation and oxidative stress, play an
important role in the genesis and progression of AAA [7, 8].
In this regard, a number of both proinflammatory and
anti-inflammatory cytokines have been implicated in AAA
[9, 10]. In fact, increased circulating levels of the proinflam-
matory cytokine interleukin (IL)-6 have been identified in
patients with AAA, suggesting the existence of an inflamma-
tory process associated with AAA [9]. Moreover, studies in
murine models of AAA have suggested that NADPH oxidases
and even nitric oxide synthase isotype 2 (NOS2) are
important sources for free radical production in aortic
aneurysms [11].

A high percentage of human AAA show intraluminal
thrombus [12, 13]. In this regard, increased levels of
coagulating-related factors have been also found in blood of
patients with AAA [14]. Moreover, autopsy studies conducted
on patients who died from ruptured aneurysms have demon-
strated that a majority of ruptures are located beneath the
intraluminal thrombus, suggesting that thrombus may par-
ticipate in the growth and weakening of the arterial wall
[15]. In fact, thrombus and clot have been associated with
aortic wall destructive remodelling, decreasing tensile
strength and elasticity in the vascular wall which might in-
crease risk of ruptures [16, 17]. Moreover, it has been specu-
lated that at the AAA site both the geometric modification
of the vascular wall and the presence of the intraluminal
thrombus are involved in creating a local hypoxic environ-
ment even modifying the energetic metabolic pathways to
produce ATP, which may also contribute to the aortic wall
weakening [13, 18].

Rivaroxaban is an oral inhibitor of factor Xa (FXa), a
serine protease that catalyzes the proteolytic conversion of
prothrombin to active thrombin [19]. Activated platelets are
source of FXa [20] and, therefore, the platelets contained into

the thrombus may contribute to increase local FXa concen-
trations at the aneurysmal site [21].

Although the role of FXa in clotting formation is well rec-
ognized, different studies have suggested additional effects of
FXa on the vascular wall [22, 23]. In this regard, it was demon-
strated that FXa increased oxidative stress in human vascular
smooth muscle cells from saphenous vein [24]. Moreover, in
femoral arteries from diabetic patients, FXa modified the ex-
pression level of proteins associated with oxidative stress
and energetic metabolism, effects that were prevented by
rivaroxaban [25]. However, to our knowledge, possible effects
of endogenous FXa have not been examined on proteins as-
sociated with inflammation and/or oxidative stress in AAA.

Therefore, the aim of the present study was to in vitro eval-
uate if rivaroxaban could modify the level of expression of
proteins associated with inflammation and oxidative stress
in human AAA sites showing intraluminal thrombus. More-
over, the possible effect of rivaroxaban on MMP9 expression
was analysed in the aneurysmal site.

Methods

Collections of aortic samples
Aneurysmal sites were obtained from six patients undergoing
elective AAA surgery repair. AAA samples were obtained from
the more dilated portion of the infrarenal aorta (>5 cm). An
inclusion criterion was that anticoagulant and/or antiplatelet
treatments had to be removed from 12 days before surgery.
Patients with Marfan syndrome, systemic inflammatory, in-
fectious or oncological diseases, and/or subjected to any sur-
gical procedure within the last 6 months were excluded.

The presence of intraluminal thrombus in the AAA was
assessed by computed tomography. Computed tomography
was also used to discard thoracic aortic dilatation and to de-
termine the abdominal aortic diameter.

Control samples were collected from six organ donors
who died due to major head trauma and the aortic sample
was obtained during organs extraction. The values of the dif-
ferent parameters obtained from the control abdominal aor-
tas were used as indicator of normal values. The aortic
diameter was determined before aortic extraction using a sur-
gical caliper. None of the control abdominal aortic samples
showed thrombi.

An inclusion criterion was that patients signed the in-
formed consent; in the case of organ donors, aortic control
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samples were obtained with family consent. The work was
performed according to principles outlined in the Declara-
tion of Helsinki and the institutional Ethics Committee
approved the study (code C.I.14/509-E). In the text,
drug/molecular target nomenclature was conformed to BJP’s
Concise Guide to Pharmacology 2015/16: Enzymes [27].

Experimental design
Aortic samples were carefully and immediately washed with
isotonic saline. In the case of the AAA sites, the thrombi were
removed from them and then aortic samples cleaned of blood
and fat were cut into portions (approximately 5 mm each of
them). Each AAA portion (explant) was then incubated for
24 h in the presence and in the absence of rivaroxaban
(Bay 59–7939, diluted in dimethyl sulfoxide, 1% final
concentration) in RPMI medium containing 1% fetal calf
serum, 5 mmol l–1 glutamine, 0.01 mmol l–1 L-arginine,
2 × 10–5 μg l–1 streptomycin and 2 × 10–5 U l–1 penicillin
for 24 h at 37°C in 5% CO2. An equal amount of dimethyl
sulfoxide (1%) was also added to both control and AAA
samples incubated in the absence of rivaroxaban.

All the procedures were performed under sterile conditions.
At the end of the incubation period, supernatants and aortic
explants were separately recovered. Aortic explants were
immediately frozen at –80°C until the molecular determina-
tions were performed. Supernatants were centrifuged at
10 500 × g, 4°C and the resulting supernatants were also fro-
zen at –80°C until cytokine determinations were performed.

Western blot analysis
The abdominal aortic samples were homogenized with an
Ultra-Turrax T8 (IKA-Werke; GmbH & Co, Staufen,
Germany) in a buffer containing 8 mol l–1 urea, 2% CHAPS
w/v, 40 mmol l–1 dithiothreitol as previously we reported
[18]. The homogenates of aortic samples were then centri-
fuged at 10 500 × g for 10 min and the supernatants recov-
ered. Protein quantitation was done using a bicinchonic
acid kit (Pierce, Rockford, IL, USA).

As previously we have reported [26], protein electrophore-
sis were performed loading equal amount of proteins (40 μg/
lane) from each aortic explant onto denaturing SDS-PAGE
10% (w/v) polyacrylamide gels. After the electrophoresis, gels
were blotted onto nitrocellulose membranes, which were
then incubated with 5% (w/v) bovine serum albumin. After
that, nitrocellulose membranes were incubated with mono-
clonal antibodies against the cytosolic NADPH oxidase sub-
units, gp47- phox (Sc-14 015, dilution 1:1500; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) and gp67-phox
(Sc-7663, dilution 1:1500; Santa Cruz Biotechnology), themi-
tochondrial NADPH oxidase subunit gp91-phox (Sc-5827,
dilution 1:1500; Santa Cruz Biotechnology), and NOS2
(Sc-8310, dilution 1:1000; Santa Cruz Biotechnology).

Polyclonal antibodies against FXa (12255–05021, dilu-
tion 1:1000; AssayPro, St Charles, MO, USA) and MMP9
(Sc-6840, dilution 1:1000; Santa Cruz Biotechnology) were
also used. Nitrocellulose was also incubated with a monoclo-
nal anti-β-actin antibody (A-5441, dilution 1:1500; Sigma–
Aldrich, St Louis, MO, USA) used as loading control.

Nitrocellulose membranes were revealed using
peroxidase-conjugated anti-rabbit IgG (1:2.500 for gp47-

phox and for FXa), peroxidase-conjugated anti-goat IgG anti-
body (1:2.000 for gp91-phox and gp67-phox NADPH oxidase
isotypes and MMP9) and peroxidase-conjugated anti-mouse
IgG (1:7500 for β-actin). The expression level for each protein
was obtained with chemiluminiscence reagents (ECL; GE
Healthcare, Little Chalfont, Buckinghamshire, UK). Two rep-
licates were performed for each Western blot and they were
densitometrically analysed using a transilluminator (Gel
Logic 440 imaging system; Kodak, Rochester, NY, USA).

Release of IL-6 and IL-10 and thrombin content
in aortic explants
IL-6 and IL-10 were measured in the supernatants of the aor-
tic samples using commercial enzyme-linked immunosor-
bent assay (ELISA) kits. ELISA kits for IL-6 (Quantikine
ELISA Human IL-6. D6050; R and D Systems, Abingdon,
Oxfordshire, UK) and IL-10 (Quantikine ELISA Human
IL-10. D1000B; R and D Systems) were performed following
manufacturer’s instructions. The sensitivity of the assays of
IL-6 and IL-10 ELISA kits were 0.7 pgml�1 and 3.9 pgml�1, re-
spectively. The intra- and interassay variation coefficients
were 1.7–4.4% and 2.0–3.7% for IL-6 and 2.5–6.6% and
5.6–7.6% for IL-10. Thrombin content in aortic explants
was determined as measurement of FXa activity. Thrombin
content in aortic explants was determined using a commer-
cial ELISA kit (Human thrombin ELISA kit (Factor II),
ab108909; Abcam, Cambridge, UK). The sensitivity of the as-
say was 3 ngml–1 and the intra- and interassay variation coef-
ficients were 4.7 and 7.2%, respectively.

All samples were measured within the same ELISA kit.

Statistical analysis
Results of clinical characteristics and the dose–response curve
of rivaroxaban are expressed as mean ± standard error of the
mean. Values of expression of proteins were not normally dis-
tributed and then are represented as medians and 25th and
75th percentiles. The expression of proteins in the abdominal
aorta aneurysm were compared with control (aortic samples
without AAA) using the nonparametric Mann–Whitney test.
Wilcoxon’s test was used to compare AAA samples incubated
in the presence and in the absence of rivaroxaban. To control
the influence of age when aortic samples from donors and
AAA were compared, a linear regression analysis was per-
formed. The dependent variable was the different proteins,
the independent variable was the aortic state (AAA and con-
trols) and age was used as covariant. Rho–Spearman correla-
tion analysis was used to determine associations between
the expression level of the different proteins and MMP9 ex-
pression at the AAA site.

To perform the statistical analysis, the SPSS 22.0 software
was used. A P value <0.05 was considered statistically
significant.

Nomenclature of targets and ligands
Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data
from the IUPHAR/BPS Guide to PHARMACOLOGY [27],
and are permanently archived in the Concise Guide to
PHARMACOLOGY 2015/16 [28].
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Results
Clinical features of the included patients and donors are
shown in Table 1. As expected, patients with AAA were older
than control donors (Table 1). All the included AAA showed
intraluminal mural thrombus that it was not observed in
the aortas obtained from the organ donors. Unfortunately, it
was not possible to analyse if some of the control donors were
under pharmacological treatment because the donor process
is completely anonymous and all clinical data are under pro-
tection. However, as mentioned above, it should be noted
that the molecular data from the aortic samples of the donors
were only used as approximation of normal values.

Initially, the content of FXa was analysed in the AAA sites.
As Figure 1 shows, at AAA site the level of expression of FXa
was significantly higher than in the abdominal aortic ex-
plants from controls. Then, to analyse the effects of
rivaroxaban, the other molecular determinations were per-
formed on AAA showing thrombus. In this regard, to deter-
mine the concentration of rivaroxaban used in the in vitro
experiments, a rivaroxaban concentration–response curve
was performed. In this regard, it was analyzed whether in-
creasing rivaroxaban concentrations could inhibit thrombin
content in AAA. As Figure 1 shows, 5 × 10–10 mol l–1

rivaroxaban significantly reduced thrombin content in AAA.
Moreover, 5 × 10–8 mol l–1 rivaroxaban completely inhibited
thrombin content in AAA (Figure 1). Accordingly, in previous

studies, 50 nmol l–1 rivaroxaban was also demonstrated to
inhibit FXa activity fully [29]. Therefore, 50 nmol l–1

rivaroxaban was chosen for the rest of experiments.

Inflammatory-related biomarkers and
rivaroxaban-incubated AAA sites
In the supernatants from AAA sites, IL-6 levels were found to
be significantly increased with respect to those in aortic sam-
ples from organ donors used as control (Table 2). This signif-
icant difference was maintained after being used age as
covariant IL-6 and IL-10 as response variable and aortic state
(AAA and control) as independent variable.

Rivaroxaban incubation of AAA sites significantly re-
duced IL-6 release from AAA sites, although remained slightly
higher than in control (Table 2).

IL-10 levels were similar between supernatants from AAA
sites and control (Table 2). However, surprisingly,
rivaroxaban-incubated AAA sites showed a marked increase
of IL-10 release (Table 2). The index rate IL-6/IL-10 was signif-
icantly higher in AAA site than in control (Table 2).
Rivaroxaban incubation of AAA significantly reduced IL-6/
IL-10 index with respect to both AAA sites incubated alone
and to controls (Table 2; P = 0.004 and P = 0.016 respectively).

The protein expression level of the inducible form of
NOS, the NOS2 isoform, was evaluated by western blotting.
As Figure 2A and Table 2 show, NOS2 expression was signifi-
cantly higher in AAA sites with respect to controls. It
remained significantly different using age as covariant.

NOS2 expression level was significantly reduced in
rivaroxaban-incubated AAA as compared with that in AAA
sites incubated alone. Indeed, the level of NOS2 expression
in rivaroxaban-incubated AAA was similar to that observed
in control aortas (Figure 2A and Table 2).

Expression of NADPH oxidase subunits in AAA
sites
Western blot analysis showed that the expression level of the
cytosolic NADPH oxidase subunit, gp67-phox and the mito-
chondrial NADPH oxidase subunit gp91-phox were signifi-
cantly higher in AAA sites than in controls (Figure 2B and
Table 2). These differences were also observed after using
age as covariant, aortic state (control and AAA) as indepen-
dent variable and gp91 and gp67-phox as response variables
(P<0.05).

In the AAA sites, the presence of rivaroxaban significantly
reduced the expression level of gp67-phox and gp91-phox
NADPH oxidase to similar levels as those observed in controls
(Figure 2B and Table 2).

The expression level of another cytosolic NADPH oxidase
subunit, gp47-phox was not different between the three ex-
perimental groups (Figure 2B and Table 2).

MMP9 content in AAA sites and its association
with inflammatory and oxidative-stress related
proteins
As was previously reported [4], AAA expressed higher levels of
MMP9 than abdominal aortas from control (P = 0.004;
Figure 2C and Table 2). The statistical significance remained
after using age as covariant, aortic state as independent

Table 1
Clinical and treatment features of abdominal aortic aneurysm
patients and organ donors form who samples were obtained

Parameters
Control
(n = 6) AAA (n = 6) P value

Age (years) 43.50 ± 2.43 70.00 ± 1.97 0.004

Male/female 6/0 6/0

AAA size (mm) 16.83 ± 0.48 61.00 ± 7.42 0.004

Intraluminal mural
thrombus

0/6 6/6

Risk factors

Smoking history 2/6

Hypertension 6/6

Dyslipemia 6/6

Diabetes Mellitus 1/6

Drug treatment

ASA 3/6

ARBs 3/6

ACE Inhibitor 1/6

Beta-blockers 2/6

Statins 5/6

Age and AAA size are represented as means ± standard error of the
mean. AAA: abdominal aortic aneurysm. ASA: acetylsalicylic acid.
ARBs: Angiotensin II receptor blockers. ACE: angiotensin-
converting enzyme.
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covariable and MMP9 as response variable. Addition of
rivaroxaban to AAA significantly reduced MMP9 expression
in AAA (P = 0.0006) to similar levels found in control aortas
(P = 0.584 pNS; Figure 2C and Table 2).

Spearman’s correlation analysis revealed that the expres-
sion levels of MMP9 in the aorta explants were positively as-
sociated with the expression level of NOS2 and gp91-phox
subunit (Table 3). Moreover, MMP9 expression levels were

Figure 1
(A) Representative western blot showing FXa expression in two control aortic samples and in two aortic abdominal aneurysmal sites (AAA) with
and two without intraluminal thrombus. The expression of β-actin was used as loading control. (B) Dose–response curve of rivaroxaban based
on thrombin content in three different aortic explants. Results are expressed as mean + standard error of the mean. *P<0.05 with respect to
AAA without rivaroxaban

Table 2
Levels of expression of different markers involved in inflammatory response, oxidative stress and extracellular matrix degradation in the different
experimental groups

Healthy aorta control (n = 6) AAA without rivaroxaban (n = 6) AAA with rivaroxaban (n = 6)

Median
25th

percentile
75th

percentile Median
25th

percentile
75th

percentile Median
25th

percentile
75th

percentile

IL-6 (pg ml–1

per mg tissue)
23.45 16.17 37.15 135.07a 100.80 210.69 51.61b 30.87 74.03

IL-10 (pg ml–1

per mg tissue)
18.29 10.94 22.85 19.91 16.07 24.47 116.87ab 69.17 138.83

IL6/IL10 ratio 1.51 0.94 2.93 7.20a 4.74 10.35 0.52ab 0.33 0.68

NOS2 (AU) 1060.00 601.00 1873.50 3842.00a 2604.00 7014.00 2140.50b 1473.25 2690.25

Gp91-phox
NADPH (AU)

1493.00 1281.00 2073.00 3971.50a 2957.25 6708.00 2022.50b 1348.50 2831.25

Gp67-phox
NADPH (AU)

2358.50 518.75 4911.00 8002.00a 5700.00 22 766.00 2296.50b 525.75 4142.25

Gp47-phox
NADPH (AU)

1904.00 1483.00 3191.25 3114.00 2132.50 4032.00 2763.50 2080.50 3395.25

MMP9 (AU) 2581.00 583.25 3492.00 6487.50a 5981.25 7099.00 3278.00b 2184.20 4385.20

Results are expressed as medians and 25th and 75th percentiles.
aP<0.05 with respect to healthy aorta control.
bP<0.05 with respect to AAA without rivaroxaban.
AAA, aortic abdominal aneurysmal site; IL, interleukin; NOS2, nitric oxide synthase 2; AU, densitometric arbitrary units
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also positively associated with IL-6 levels and with the ratio
IL-6/IL-10 in the supernatants of artic explants (Table 3).
The association between pg67-phox NADPH subunit and
MMP9 did not reach statistical significance although it was
probably related to the sample size since P was 0.061
(Table 3).

There was no association between MMP9 expression
levels in the aortic explants and IL-10 levels in their superna-
tants (Table 3).

Discussion
The present study shows for the first time the possible rela-
tionship between the expression of proteins-related to in-
flammation and oxidative stress in the AAA site with the
presence of endogenous FXa. In fact, the data suggest that
rivaroxaban, a specific inhibitor of FXa activity, reduced the
expression level of two NAPDH oxidase isotypes in addition
to reduction the release of the proinflammatory cytokine
IL-6 and the expression of NOS2 protein. Moreover, in the
aortic wall the levels of all these proteins were positively asso-
ciated with the expression level of MMP9.

In the majority of the AAA patients, the vessel wall is cov-
ered by an intraluminal thrombus that generally does not oc-
clude the blood flow [13]. In this regard, an activated
coagulation state has been observed in patients with AAA
[30]. Although the role of the intraluminal thrombus in the
AAA site remains to be clarified, the presence of the
intraluminal thrombus has been considered a risk factor for
AAA growth and rupture [31, 32].

In the present study, the AAA sites showed greater ex-
pression of FXa as compared to that observed in the

Figure 2
Representative western blot to analyze the protein expression of (A): nitric oxide synthase 2 (NOS2); (B): NADPH oxidase subunits, gp91-, gp67-
and gp47-phox and (C): matrix metallopeptidase 9 (MMP9) in healthy aortic segments and aortic abdominal aneurysmal sites (AAA) incubated in
the presence and in the absence of the FXa inhibitor, rivaroxaban (50 nmol l–1). The expression of β-actin was used as loading control

Table 3
Correlation between matrix metallopeptidase 9 (MMP9) expression
and inflammatory and oxidative-stress parameters

MMP9 expression

Variables
Rho spearman
coefficient P value

IL-6 concentration 0.794 < 0.001

IL-10 concentration –0.049 0.852

IL-6 / IL-10 ratio 0.642 0.005

NOS2 expression 0.642 0.005

Gp91-phox NADPH
expression

0.679 0.003

Gp67-phox NADPH
expression

0.463 0.061

IL, interleukin; NOS2, nitric oxide synthase 2

G. Moñux et al.

2666 Br J Clin Pharmacol (2017) 83 2661–2670



abdominal aortic explants from the donors used as control.
In addition, in the AAA sites, FXa content was significantly
greater in AAA showing intraluminal thrombus than in
those without it.

As mentioned above, inflammation has been associated
with the pathogenesis of AAA [33–35]. Several studies
have reported elevated proinflammatory cytokines in AAA
[36–38] leading the recruitment of immune cells and it
was suggested that this promotes death of the vascular
cells and weakening of the arterial wall [39]. In fact, IL-6
has been specifically implicated in the pathogenesis of an-
eurysms [9, 40].

Our results show that AAA released a greater amount of
IL-6 than controls. Moreover, NOS2 protein, enzyme whose
upexpression has been also associated with an inflammatory
state, was found to be increased in the AAA sites as compared
with control. Accordingly, Zhang et al. have previously re-
ported that NOS2 expression was increased in AAA [41].
Taken together, these observations are in accordance with
previous reports suggesting an inflammatory state at the
AAA site.

In the AAA sites, the FXa inhibitor, rivaroxaban, decreased
both the release of IL-6 and the level of NOS2 protein. Previ-
ous work has suggested a relationship between FXa and in-
flammation. In this regard, it was reported proinflammatory
effects of FXa in human atrial tissue, fibroblasts and cultured
macrophages [42–44]. Moreover, similar to our results, Hara
et al. recently reported protective effects of rivaroxaban on
atherosclerotic lesions by inhibiting the proinflammatory ac-
tivation of macrophages [45].

The results also showed that the anti-inflammatory cyto-
kine IL-10 was not significantly modified in AAA sites with re-
spect to control. This observation may suggest a different
regulation of IL-6 and IL-10 in the AAA site and, therefore,
the increase in the release of the proinflammatory cytokine
IL-6 seems to be not accompanied by increase in the release
of IL-10 to counterbalance the proinflammatory state in the
AAA site. In this regard, other authors have also observed
different levels of expression of IL-6 and IL-10 in
inflammatory-related pathological situations. As example,
Kim et al. showed differences in IL-10 and IL-6 levels in
the postburn time course [46]. Moreover, in human macro-
phages, different sensitivities of IL-6 and IL-10 signalling to-
wards the feed-back inhibitor suppressor of cytokine
signalling 3 (SOCS3) was reported, suggesting the possibility
of different regulation of IL-6 and IL-10 production and,
therefore, showing possible differences in the frame of the
inflammatory response [47].

A paradoxical observation was that rivaroxaban increased
IL-10 release in AAA in both healthy nonaneurysmal aortas
and AAA incubated without rivaroxaban. Accordingly, IL-6/
IL-10 ratio was markedly higher in AAA with respect to con-
trol and significantly lower in rivaroxaban-incubated AAA
with respect to both control and AAA incubated alone.

The fact that in supernatants from AAA explants, IL-10
production was not modified with respect to control while
in rivaroxaban-incubated AAA was significantly increased
might suggest an independent effect of rivaroxaban on en-
dogenous FXa. In this regard, in a previous study per-
formed in femoral arteries of diabetic patients, we have
also observed an effect of rivaroxaban probably unrelated

to FXa on the expression of long mitochondrial fatty acid
transporters [25]. As we mentioned in that report, it is
known the existence of rivaroxaban-derived metabolites
and, therefore, we cannot rule out that some of the appar-
ently FXa-independent effects of rivaroxaban could be at-
tributed to such metabolites [48]. However, at present the
analysis of this hypothesis is out of the scope of the pres-
ent study and, therefore, additional specific studies are
needed to clarify it.

Effects of rivaroxaban on the expression levels
of oxidative stress-associated proteins in
human AAA sites
Several studies have identified oxidative stress as one of the
main source of AAA progression [49, 50]. Both inflammatory
infiltrated cells and vascular cells are capable of forming radi-
cal oxygen species, and particularly superoxide anion, in the
AAA [8]. In this regard, an increased local production of su-
peroxide anion was demonstrated in human aneurysms and
it was further suggested that the major source of this oxygen
free radical is the NADPH oxidases activities [8, 51].

In the present study, both the cytosolic NADPH oxidase
subunit gp67-phox and the mitochondrial gp91-phox
NADPH oxidase subunits were significantly increased in
the human AAA sites. Accordingly, Guzik et al. also sug-
gested that AAA was associated with increased NADPH oxi-
dases activities, since higher superoxide production may
promote the activation of metalloproteinases associated
with AAA development [50]. Furthermore, higher superox-
ide production by AAA was associated with high overall
mortality risk [50].

At the AAA site, the FXa inhibitor, rivaroxaban, signifi-
cantly reduced the expression level of the gp67- and 91-phox
NADPH oxidase isotypes, suggesting the involvement of FXa
in such increased expression. Accordingly, in femoral arteries
obtained from diabetic patients we have also demonstrated
that rivaroxaban reduced the expression of oxidative stress-
related proteins [25]. Interestingly, it was suggested that
NOS2, whose expression was significantly reduced by
rivaroxaban in the AAA site, might be link between inflam-
mation and oxidative stress in AAA since NOS2 was also
demonstrated as primary sources of superoxide anion in
AAA [50]. Accordingly, in the study the effects of rivaroxaban
on the expression of proteins related to inflammation and
oxidative stress were discussed independently manner. How-
ever, inflammation, and oxidative stress are strongly linked
between them.

The fact that the protein expression level of gp91- and
gp67-phox NADPH isotypes were modified by rivaroxaban
but did not the NADPH isotype gp47-phox may be related
to the specificity of the observed changes.

Association between MMP9 expression and the
changes in the inflammatory and
oxidative-stress-related proteins
Several studies have reported reduction in the progression
of experimental AAA by inhibitory MMPs. In the study
we focused on MMP9 because, among all MMPs, this has
been reported to have the greatest involvement in the
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pathogenesis of progression of AAA in both humans and
animal models.

The results demonstrate that at the AAA site, rivaroxaban
reduced the expression level of MMP9. Moreover, in the aor-
tic wall, MMP9 levels were positively associated with the ex-
pression of NOS2 and gp91-phox NADPH oxidase isotypes.
In addition, IL-6 release and the ratio IL-6/IL-10 was also
positively associated with MMP9. Taken together these data
suggest and support the hypothesis that all these mecha-
nisms may be strongly associated with AAA progression. In
this regard, experimental studies have demonstrated that
in the aortic tissue loss of NADPH oxidases and NOS2 re-
duced the expression of MMP9, preventing AAA develop-
ment [11]. Similarly, it was also demonstrated that
proinflammatory cytokines enhance MMP9 production in
the vascular cells contributing to AAA growth [52]. There-
fore, taken together and as speculation, inhibition of FXa
by rivaroxaban probably through the reduction of inflam-
mation and oxidative stress in the aortic aneurysm may al-
ter MMP9 expression.

Comments and study limitations
There are several limitations in our study, although probably
the most relevant is the small sample size. However, the ob-
served results were very consistent. Moreover, the current
study only included AAA samples showing intraluminal
thrombus. It was thought that, under these conditions, the
role of FXa may be more evident as it could be inferred from
the observation that these aneurysms contain more FXa than
those without intraluminal thrombus. However, further com-
parative studies are warranted in AAA samples without
thrombus.

Another previously mentioned study limitation was that,
due to having to maintain the anonymity of organ donors, it
was not possible to analyse the impact of the possible phar-
macological treatment in the observed differences between
control and AAAs. However, as we also mentioned, it is im-
portant to note that the main aim of the present study was
to study the role of endogenous in AAA with thrombus in
the expression of proteins associated with inflammation
and oxidative stress.

The concentration of rivaroxaban used in the study was
within the plasma concentration ranges after therapeutic
doses of rivaroxaban [53]. Indeed, 50 nmol l–1 rivaroxaban
is equivalent to approximately 200 μg l–1 rivaroxaban, con-
centration which is reached in patients treated with 20 mg
once daily [53] It is important to note that the present results
are only related to rivaroxaban and further experiments are
needed to assess whether other FXa inhibitors, and even
other anticoagulant drugs, might exert similar effects to
rivaroxaban on the expression of inflammatory and oxidative
stress-related proteins in AAA.

In conclusion, rivaroxaban has showed ability to reduce
expression of proteins involved in the pathogenesis of AAA
such as proteins related to oxidative stress as well as to
promote an antioxidant state in human AAA sites. These
findings suggest the involvement of FXa in such
mechanisms. The better knowledge of the possible effects
of FXa in AAA may open new clinical targets for FXa inhi-
bition therapy.
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