
Summary. Endoglin (TGF-β receptor III), has been
demonstrated to affect vascular endothelium and
atherosclerosis. Moreover, it was also demonstrated that
endoglin is involved in inflammation and plays a role in
leukocyte adhesion and transmigration in vitro and in
vivo but not in atherosclerosis related vessels. In this
study, we wanted to evaluate endoglin expression in two
different parts of the aorta (heart aortic sinus and
ascending aorta) and assess its potential simultaneous
expression with cell adhesion molecules in non-
atherosclerotic and atherosclerotic aortas of apoE-
deficient mice.

Ten-week–old female apolipoprotein E-deficient
mice on a C57BL/6J background (n=24) were randomly
subdivided into three groups and were fed either chow
diet (for another two months) or Western type diet (for
another two or four months). Immunohistochemical
staining of endoglin, VCAM-1 and P-selectin in aortic
sinus and ascending aorta was performed.

Endoglin expression was detected only in
endothelial cells and varied during atherogenic process
in aorta but not in aortic sinus. Moreover, its expression
seemed to be weaker in aorta when compared to aortic
sinus and the positivity was detected only in
endothelium covering atherosclerotic lesions but not in
non-atherosclerotic endothelium regardless of the plaque
size. Endoglin was not expressed with P-selectin and
VCAM-1 in aortic endothelium in any studied group.

This study shows that endothelial expression of
endoglin is related to the atherogenic process
predominantly in aorta outside the heart. Moreover,
endoglin is not localized with cell adhesion molecules
involved in atherosclerosis, suggesting it might not
participate in leukocyte accumulation in aorta of apoE-
deficient mice during atherogenesis.
Key words: Endoglin, P-selectin, VCAM-1, Athero-
genesis, apoE-deficient mice

Introduction

Endoglin, an accessory receptor of the TGF-β
signaling pathway is a homodimeric transmembrane
glycoprotein that has been demonstrated to play a role in
vascular physiology and pathology (Lopez-Novoa and
Bernabeu, 2010). Changes of endoglin expression and
function were detected in hereditary hemorrhagic
telangiectasia, preeclampsia, hypertension, cancer and
atherosclerosis (Levine et al., 2006; ten Dijke et al.,
2008; Perez-Gomez et al., 2010; Nachtigal et al., 2012). 

Endoglin expression was detected in atherosclerosis
prone vessels in both humans and experimental animals.
Endothelial cells (Nachtigal et al., 2009a), smooth
muscle cells (Conley et al., 2000) and even macrophages
(Piao and Tokunaga, 2006) are able to express endoglin
in different stages of the atherosclerotic process. In
addition, endoglin is able to affect the expression and
activity of endothelial nitric oxide synthase (eNOS),
including vasodilatation/vasoconstriction of arteries
(Jerkic et al., 2004), production of collagen in vessels by
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smooth muscle cells (Bot et al., 2009) and formation of
new blood vessels in atherosclerotic plaques (Luque et
al., 2009). The above-mentioned effects of endoglin
might affect atherosclerosis differently and therefore a
precise role of endoglin in this process has not been fully
elucidated so far.

More recently, Rossi et al. demonstrated that
endothelial endoglin is involved in inflammation and
plays a role in leukocyte adhesion and transmigration in
vitro and in vivo. In addition, cell adhesion molecules
participated in this process with endoglin, suggesting
that endoglin might be considered as a cell adhesion
molecule (Rossi et al., 2013). 

Both P-selectin and VCAM-1 represent crucial cell
adhesion molecules that are the hallmarks of endothelial
dysfunction and atherogenesis (Joseph-Silverstein and
Silverstein, 1998). Their expression is increased by
several stimuli, including cholesterol diet, as
demonstrated in rabbits, mice and humans (Davies et al.,
1993; Li et al., 1993; Nakashima et al., 1998). Both P-
selectin and VCAM-1 are proatherogenic and
proinflammatory markers strongly expressed in vascular
endothelium in atherosclerosis prone arteries (Cybulsky
et al., 2001; Ley and Huo, 2001). 

Our previous papers showed endoglin expression
exclusively in endothelium of aortic sinus in mice with
advanced atherosclerosis (Rathouska et al., 2011;
Strasky et al., 2011; Vecerova et al., 2012). However, a
detailed immunohistochemical analysis of endoglin
expression in aortic sinus and aorta during progression
of atherosclerosis has not been reported so far. In
addition, a possible expression of endoglin with pro-
inflammatory P-selectin and VCAM-1 has not been
demonstrated in vivo in aorta. 

In this study, we set two goals. The first aim was the
evaluation of endoglin expression in two different parts
of aorta (heart aortic sinus and ascending aorta) in apoE-
deficient mice fed either chow or an atherogenic diet
(Western type diet). The second aim was the
examination of a possible simultaneous expression of
endoglin with P-selectin and VCAM-1, in order to
evaluate a potential cooperation of endoglin with cell
adhesion molecules in apoE-deficient mice during
atherogenesis. 
Materials and methods

Animals

Animal studies met the accepted criteria for human
care and experimental use of laboratory animals. All
protocols were approved by the Ethical Committee for
the protection of animals against cruelty at Faculty of
Pharmacy, Charles University in Prague and all
experiments were carried out in accordance with Czech
law No. 246/1992.

Ten-week–old female apoE-deficient mice on a
C57BL/6J background (n=24) (Taconic, Denmark) were
randomly subdivided into three groups. 

All mice were fed with two different experimental
diets with water ad libitum throughout the study. The
Chow group of animals (n=8) was fed with chow diet for
another two months. There were two Western type diet
groups; in the first group (n=8), Western type diet
containing 21% fat (11% saturated fat) and 0.15%
cholesterol was fed for another two months, in the
second group (n=8), the same diet was fed for another
four months. 

Each mouse, in all groups, lived in a separate cage
obtaining 4 g of food (in specially prepared pellets)
daily. The food consumption was monitored every day.
No differences in food consumption were visible, either
between animals of one experimental group or between
experimental groups. 

At the end of the treatment period, all animals were
fasted overnight and euthanized. The aortas, attached to
the top half of the heart, were removed and then
immersed in OCT (Optimal Cutting Temperature)
embedding medium (Leica, Prague, Czech Republic),
snap frozen in liquid nitrogen and stored at -80°C before
immunohistochemical staining. Blood samples were
taken from vena cava inferior into heparin-coated tubes
and centrifuged at 9000 rpm for 15 min. Collected
plasma samples were subsequently stored at -80°C
before biochemical analysis.
Biochemical analysis

Serum lipoprotein fractions were prepared using
sodium chloride density gradient ultracentrifugation
(Beckman TL 100, Palo Alto, CA, USA). The
lipoprotein fractions were distinguished in the following
density ranges: very low-density lipoprotein (VLDL
<1.006 g/ml; LDL <1.063 g/ml; high-density lipoprotein
(HDL) >1.063 g/ml. The total cholesterol and
lipoprotein fraction concentration of cholesterol were
measured enzymatically by conventional enzymatic
diagnostic kits (Lachema, Brno, Czech Republic) and
spectrophotometric analysis (cholesterol at 510 nm,
triglycerides at 540 nm, ULTROSPECT III, Pharmacia
LKB Biotechnology, Uppsala, Sweden).
Immunohistochemistry 

Aortic sinus and ascending aortas from three groups
of mice (one chow diet group and two Western type diet
groups) were taken for analysis. Sequential tissue
sectioning started in the mouse heart until the aortic root
containing semilunar valves together with the aorta
appeared. From this point on, serial cross-sections (7
μm) were cut on a cryostat and placed on gelatin-coated
slides. The systematic uniform random sampling was
performed for fifty sections from each mouse. Each
tenth slide was taken and five slides from each mouse
were used for detection of each protein (endoglin,
VCAM-1, P-selectin, macrophages). The slides were
primarily incubated with 5% non-fat dry milk in
phosphate buffered saline (PBS) solution for 30 minutes.
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For the detection of endoglin, VCAM-1 and
macrophages, the slides were thereafter incubated with
primary antibodies for 1 hour at room temperature and
were developed with anti-rat ImmPRESSTM (mouse
adsorbed) polymerized reporter enzyme staining system
(Vector Laboratories, USA) in the presence of 200 μg/ml
normal mouse IgG (Dako, Denmark) afterwards. For the
detection of P-selectin, the slides were first incubated
with anti-avidin and anti-biotin solutions (Vector
Laboratories, USA). Afterwards, they were incubated
with primary antibody for 1 hour at room temperature
and then developed with biotin-conjugated horse anti-
goat Ig (dilution 1:400 in BSA) (Vector Laboratories,
USA) in the presence of 200 μg/ml normal mouse IgG
(Dako, Denmark). In the case of all four antibodies, the
antibody reactivity was detected by means of
diaminobenzidine tetrahydrochloride substrate (Dako,
Denmark). The specificity of the immunostaining was
assessed by staining with nonimmune isotype-matched
immunoglobulins.

Primary antibodies included the following:
monoclonal rat anti-mouse endoglin / CD105 (dilution
1/50 in BSA) and monoclonal rat anti-mouse VCAM-1 /
CD106 (dilution 1/100 in BSA), both purchased from
BD Pharmingen™, USA. For the staining of
macrophages, monoclonal rat anti-mouse
macrophages/monocytes antibody (dilution 1/100 in
BSA) from AbD Serotec, UK was used. For the staining
of P-selectin, polyclonal goat antibody (dilution 1/50 in
BSA) directed to P-selectin (Santa Cruz Biotechnology,
USA) was used.

Photo documentation and image digitizing from the
microscope were performed with the Olympus AX 70,
with a digital firewire camera Pixelink PL-A642 (Vitana
Corporation, Canada) with image analysis software NIS
ver 3.1 (Laboratory Imaging, Prague, Czech Republic).
Plaque size evaluation

Quantitative analysis of plaque size was evaluated
by means of orcein-hematoxylin histological staining

and stereological methods. Sequential tissue sectioning
and systematic uniform random sampling was performed
for fifty sections from each mouse as mentioned above.
Each sixth slide was used for orcein-hematoxylin
staining. Thus, eight sections from each mouse were
used for the stereological estimation. Briefly, the
staining was performed by incubation of the slides in
orcein solution for 30 minutes and thereafter
counterstained with hematoxylin for 30 seconds. Photo
documentation and image digitizing from the
microscope were performed as mentioned above.
Stereological analysis was performed with PointGrid
module of the ELLIPSE software (ViDiTo, Slovakia) as
previously described (Nachtigal et al., 2004).
Results

Biochemical analysis of serum lipid levels in mice

Analysis of blood lipid spectrum in apoE-deficient
mice (Fig. 1) revealed significantly higher levels of total
cholesterol in mice fed Western type diet for two months
(Apo west 2m) in comparison with mice fed chow diet
(29.96±2.59 vs. 10.98±0.87, P<0.001). Similarly,
comparison of total cholesterol levels between mice fed
Western type diet for four months (Apo west 4m) and
mice fed chow diet (Apo chow) revealed significantly
higher levels in Apo west 4m group (25.60±0.10 vs.
10.98±0.87, P<0.001). There were no significant
changes between Apo west 2m and Apo west 4m in total
cholesterol levels. 

VLDL levels were significantly higher in Apo west
2m group in comparison with Apo chow group
(20.55±2.01 vs. 7.98±0.74, P<0.001). Similarly, VLDL
levels were significantly higher in Apo west 4m group in
comparison with Apo chow group (19.27±0.75 vs.
7.98±0.74, P<0.001). There were no significant changes
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Fig. 1. Blood cholesterol levels in mice on chow diet and Western type
diet for two and four months. Values are means ± SEM, n=8.
***P<0.001, *P<0.05.

Fig. 2. Stereological analysis of lesion area size in aorta of mice on
chow diet and Western type diet for two and four months. Lesion area
size continually increased according to diet used and the period of
feeding. Values are means ± SEM, n=8. ***P<0.001, **P<0.01.



between Apo west 2m and Apo west 4m in VLDL
levels. 

LDL levels were significantly higher in Apo west
2m group in comparison with Apo chow group
(7.51±0.85 vs. 2.56±0.13, P<0.001). Similarly, LDL
levels were significantly higher in Apo west 4m group in
comparison with Apo chow group (5.48±0.30 vs.
2.56±0.13, P<0.001). There were also significantly
higher levels of LDL in Apo west 2m mice in
comparison with Apo west 4m mice (7.51±0.85 vs.
5.48±0.30, P<0.05). 

HDL levels were significantly higher in Apo west
2m group in comparison with Apo chow group
(0.87±0.07 vs. 0.44±0.04, P<0.001). Similarly, HDL
levels were significantly higher in Apo west 4m group in
comparison with Apo chow group (0.75±0.06 vs.
0.44±0.04, P<0.001). There were no significant changes
between Apo west 2m and Apo west 4m in HDL levels.
There were also no significant changes in triglyceride

(TAG) levels between any compared groups (Fig. 1).
Atherosclerosis lesion size quantification

The size of atherosclerotic lesions was assessed by
stereological analysis of orcein-hematoxylin staining.
Administration of Western type diet was associated with
a larger plaque size in both Western type diet groups
(Apo west 2m, Apo west 4m) in comparison with chow
diet group (Apo chow). The plaque size was
significantly larger in Apo west 2m group in comparison
with Apo chow group (0.023±0.005 vs. 0.005±0.001
mm2, P<0.01). The plaque size was also significantly
larger in Apo west 4m group in comparison with Apo
chow group (0.067±0.004 vs. 0.005±0.001 mm2,
P<0.001). The plaque size was even significantly larger
in ApoE west 4m group in comparison with ApoE west
2m group (0.067±0.004 vs. 0.023±0.005 mm2, P<0.001)
(Fig. 2).
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Fig. 3. Representative pictures of endoglin expression in aortic sinus in
mice on chow diet and Western type diet for two and four months. On
chow diet (A), endoglin positivity was detected in luminal endothelial
cells (arrows) and in aortic valves (arrowheads) in aortic sinus. On
Western type diet for two months (B), endoglin expression was detected
in endothelium covering atherosclerotic lesions (black arrows). Aortic
valve endoglin positivity (arrowhead) was visible in aortic sinus. No
endoglin expression was detected in non-atherosclerotic endothelium
(white arrows). On Western type diet for four months (C), endoglin
expression was detected in endothelium covering atherosclerotic lesions
(black arrows). Endoglin staining was visible also in aortic valves
(arrowhead) of aortic sinus. No endoglin expression was detected in
non-atherosclerotic endothelium (white arrows) in both aortic sinus. All
slides were counterstained with hematoxylin. Scale bar: 100 µm.



Endoglin expression in mice on chow diet and on
Western type diet for two and four months 

Immunohistochemical analysis of endoglin
expression was performed in the aortic sinus inside the
heart and in the ascending part of aorta in all studied
animals. 

In general, endoglin expression was detected only in
endothelial cells in all studied animals. Endoglin
positivity was visible in myocardial capillaries and in
endocardial simple squamous epithelial cells (data not
shown). Endoglin expression in aorta was detected only
in luminal endothelial cells but not in the vessel media. 

In mice on chow diet, endoglin expression covered
almost the whole luminal area, including non-
atherosclerotic endothelium and endothelium covering
small atherosclerotic lesions in aortic sinus. Moreover,
endoglin positivity was also detected in aortic valves of
the aortic sinus (Fig. 3A). On the contrary, almost no

endoglin expression was detected in aortic endothelium
in ascending aorta, where no atherosclerotic lesions were
present (Fig. 4A). 

Atherosclerotic lesions were visible in both aortic
sinus and ascending aorta in mice fed Western type diet
for two and four months. 

In mice fed Western type diet for two months,
endoglin expression was detected almost exclusively in
aortic endothelium covering atherosclerotic lesions but
not in non-atherosclerotic endothelium in aortic sinus
(Fig. 3B). Moreover, endoglin expression was also
detected in myocardial capillaries and aortic valves (Fig.
3B). Similarly, like in mice on chow diet, endoglin
expression was weaker in aorta when compared to aortic
sinus. In addition, endoglin was detected almost
exclusively in endothelium covering atherosclerotic
plaques but not in non-atherosclerotic endothelium in
ascending aorta (Fig. 5A). In some parts of vessels,
where no atherosclerotic lesions were visible, no
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Fig. 4. Representative pictures of endoglin (A), P-selectin (B) and
VCAM-1 (C) expression in ascending aorta of mice on chow diet. No
expression of endoglin and a weak expression of P-selectin and VCAM-
1 (arrows) was detected. No simultaneous localization of endoglin with
P-selectin and VCAM-1 was visible. The slides were counterstained with
hematoxylin. Scale bar: 100 µm.



endoglin expression was detected (data not shown). 
Similar staining patterns of endoglin expression

were visible in mice on Western type diet for four
months. Endoglin expression was detected almost
exclusively in aortic endothelium covering
atherosclerotic lesions but not in non-atherosclerotic
endothelium in aortic sinus (Fig. 3C). In addition,
endoglin staining was visible in aortic valves of aortic
sinus (Fig. 3C). Endoglin expression was also detected
almost exclusively in aortic endothelium covering
atherosclerotic lesions but not in non-atherosclerotic
endothelium in ascending aorta (Fig. 6A). In areas with
no atherosclerotic lesions, no endoglin expression was
visible (data not shown). Endoglin expression seemed to
be weaker in aorta when compared to aortic sinus. 
Analysis of simultaneous endoglin expression with P-
selectin and VCAM-1 in ascending aorta

Since endoglin expression did not reflect the

atherogenic process in aortic sinus, we decided to
evaluate its expression with P-selectin and VCAM-1
only in ascending aorta, where changes of endoglin
expression in the course of atherogenesis were detected. 
In general, P-selectin expression was detected only in
endothelium, while VCAM-1 was also visible inside
atherosclerotic lesions and in vessel media in ascending
aorta. 

A weak P-selectin and a stronger VCAM-1
expression was detected only in aortic endothelium in
mice on chow diet. No endoglin expression in these
vessels means no simultaneous localization of endoglin,
P-selectin and VCAM-1 in mice on chow diet (Fig. 4A-
C). 

A strong endoglin endothelial staining and a
substantially weaker P-selectin endothelial expression
was detected in mice fed Western type diet for two
months (Fig. 5A,B, respectively). VCAM-1 expression
was visible inside the atherosclerotic lesions and in
aortic media mostly underneath the atherosclerotic
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Fig. 5. Representative pictures of endoglin (A), P-selectin (B) and
VCAM-1 (C) expression in ascending aorta of mice fed Western type
diet for two months. A strong endoglin expression in endothelium
covering atherosclerotic lesions was detected (black arrows). No P-
selectin and VCAM-1 expression in endothelium covering
atherosclerotic lesions was visible (white arrows). No endoglin
expression was detected in non-atherosclerotic endothelium (white
arrows). VCAM-1 was expressed in non-atherosclerotic endothelium
(black arrows). The slides were counterstained with hematoxylin. Scale
bar: 100 µm.
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Fig. 6. Representative pictures of endoglin (A), P-selectin (B) and VCAM-1 (C) expression in ascending aorta in mice fed Western type diet for four
months. A strong endoglin expression in endothelium covering atherosclerotic lesions was detected (black arrows). No P-selectin and VCAM-1
expression in endothelium covering atherosclerotic lesions was visible (white arrows). No endoglin expression was detected in non-atherosclerotic
endothelium (white arrows). Occasional VCAM-1 expression with endoglin was visible in small fatty streaks (black arrowheads). VCAM-1 and P-selectin
were slightly expressed in non-atherosclerotic endothelium (black arrows). Specificity of the immunostaining was assessed by omitting of primary
antibody and staining with nonimmune isotype-matched immunoglobulins for endoglin (D), P-selectin (E) and VCAM-1 (F). The slides were
counterstained with hematoxylin. Scale bar: 100 µm.



lesions. Moreover, VCAM-1 expression was detected in
non-atherosclerotic endothelium and weakly in some
vessels in endothelium covering atherosclerotic lesions
(Fig. 5C). No substantial localization of endoglin with P-
selectin and VCAM-1 was detected in mice fed Western
type diet for two months (Fig. 5A-C).

Similar staining patterns of endoglin, P-selectin and
VCAM-1 expression were demonstrated in mice aorta of
mice fed Western type diet for four months (Fig. 6A-C).
Endoglin expression was visible only in endothelium
covering atherosclerotic plaques, P-selectin expression
was hardly detected and VCAM-1 expression was
visible inside the atherosclerotic lesions, in aortic media
in non-atherosclerotic endothelium and in some vessels
in endothelium covering small fatty streaks. A weak
simultaneous expression of endoglin and VCAM-1 but

not with P-selectin was visible only in some vessels in
endothelium covering small fatty streaks (Fig. 6A-C). 
Macrophages staining in aorta of apoE-deficient mice

Immunohistochemical staining showed an
accumulation of macrophages during the atherogenic
process. No or a weak positivity for macrophages
accumulated in aortic intima was visible in most of the
vessels in mice on chow diet (Fig. 7A). On the other
hand, the accumulation of macrophages in
atherosclerotic lesions was visible in mice fed Western
type diet for two and four months (Fig. 7B,C).
Macrophage accumulation was stronger in mice fed
Western type diet for four months when compared to
mice fed the diet for two months (Fig. 7B,C).
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Fig. 7. Representative pictures of macrophage staining in mice on chow diet (A) and Western type diet for two (B) and four (C) months. Macrophage
accumulation in intima was barely detectable in mice on chow diet but it was clearly visible in mice fed Western type diet for two and four months.
Specificity of the immunostaining was assessed by omitting of primary antibody and staining with nonimmune isotype-matched immunoglobulins for
macrophages (D). The slides were counterstained with hematoxylin. Scale bar: 100 µm.



Discussion

Endoglin expression in atherosclerosis has been
studied in both humans and experimental animals. In
general, endoglin expression was detected in cells that
are important for atherogenesis and vascular
homeostasis, including endothelial cells, monocyte/
macrophages, as well as in vascular smooth muscle cells
(Nachtigal et al., 2012). However, controversial data
come from these studies with respect to endoglin
localization in atherosclerotic vessels and its possible
role in atherogenesis. 

Therefore, the first aim of this study was to evaluate
changes of endoglin localization in the part of aorta
located inside the heart (aortic sinus) and in ascending
aorta located outside the heart. Secondly, we wanted to
evaluate a possible simultaneous expression of endoglin
with cell adhesion molecules involved in atherogenesis
(P-selectin, VCAM-1). 

For that purpose we used apoE-deficient mice fed
chow diet, Western type diet (two months) and Western
type diet (four months) in order to see possible changes
of endoglin expression during different phases of the
atherogenic process. Indeed, a cholesterol diet
significantly increased the levels of cholesterol,
increased the atherosclerotic plaque size and resulted in
macrophage accumulation in aortic plaques. These
changes in the aorta allowed us to study endoglin
expression changes with respect to development of
atherosclerosis in aorta. 

Most of the studies published in humans showed
endoglin expression almost exclusively in endothelium
of microvessels. Li et al. showed a weak or no
expression of endoglin in normal arteries but a strong
expression in atherosclerotic carotid arteries,
predominantly in microvessels of the lipid core (Li et al.,
2006). Additionally, endoglin expression was strong in
neovessels within the carotid plaque, predominantly
within vulnerable plaque shoulders, and within the lipid
core (Luque et al., 2008). In another study, endoglin
expression was strongest in advanced lesions in
neovessels in the human carotid and coronary arteries
when compared with early lesions (Luque et al., 2009).
More recently, Li et al. showed that endoglin expression
in coronary artery microvessels correlated with plaque
hemorrhages (Li et al., 2012). 

These studies suggested a possible participation of
endoglin in plaque neoangiogenesis and in the regulation
of intraplaque inflammation, because these plaque
microvessels can serve as a gateway for the recruitment
of inflammatory cells into atherosclerotic plaques (de
Boer et al., 1999). On the contrary, another study also
showed endoglin expression in carotid plaque
neovessels, although these authors suggested that
endoglin together with other markers might be important
for the formation of neovessels less prone to leakage,
rupture and hemorrhage (Slevin et al., 2010).
Surprisingly, there was no information about endoglin
expression in smooth muscle cells, macrophages or

luminal endothelial cells in these studies.
On the other hand, some other papers showed

different endoglin expression in non-atherosclerotic and
atherosclerotic vessels. Conley et al. detected a weak
expression of endoglin in non-atherosclerotic aortas and
carotid arteries but a strong endoglin expression in
advanced atherosclerotic plaques in smooth muscle cells,
again with no positivity in luminal endothelial cells or
macrophages (Conley et al., 2000). Piao et al.
demonstrated a weak endoglin expression in normal
arteries but a higher expression of endoglin in
macrophages, smooth muscle cells and endothelial cells
in early lesions when compared with advanced lesions
(Piao and Tokunaga, 2006). These papers suggested that
endoglin participates in vascular repair and possibly in
atherogenesis. 

Surprisingly, Bot et al. focused on the expression of
endoglin in human carotid endarterectomy showing
endoglin expression in intraplaque vessels (endothelial
cells), macrophages and smooth muscle cells. Moreover,
endoglin expression was higher in plaques containing
higher levels of collagen and less thrombi in the plaque,
suggesting that endoglin expression is related to a more
stable plaque phenotype (Bot et al., 2009). 

These discrepancies in human studies might be
related to the fact that different vessels in different stages
of atherosclerosis were studied and we cannot rule out
the possibility of different reactions of various antibodies
used in these studies.

It is of interest to mention that no human study
focusing on the expression of endoglin during
atherogenesis mentioned endoglin expression in aortic,
carotid or coronary luminal endothelial cells and there
has also been no data from experimental studies in mice
concerning endoglin expression in these parts of the
vascular tree so far. 

We showed endoglin expression in endothelial cells
in myocardial capillaries and luminal endothelial cells in
aortic sinus and aorta of apoE-deficient mice. In
addition, endoglin expression was also detected in aortic
valves and simple squamous epithelium in endocardium
in this study. This is in line with previously published
papers showing that endoglin is not expressed by smooth
muscle and macrophages in mice atherosclerosis
(Nachtigal et al., 2009b; Rathouska et al., 2011; Strasky
et al., 2011; Vecerova et al., 2012). On the other hand, no
neovessels were visible in our mice. Endoglin expression
in luminal endothelial cells was very strong inside the
heart in aortic sinus. In fact, almost all luminal
endothelial cells were stained for endoglin, regardless of
the presence or stage of atherosclerotic process.
Considering endoglin expression in aortic valves and
endocardium, we might propose that endoglin
expression in aortic sinus is not related to the
progression of atherosclerosis/atherogenesis but might
more likely be related to the role of endoglin in heart and
valve development as demonstrated previously (Qu et
al., 1998). 

On the other hand, a different reaction was observed
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in the aorta outside the heart. In general, endoglin
positivity was weaker in this part of aorta when
compared to aortic sinus in all studied groups. In
addition, endoglin expression was almost absent in aortic
endothelium in vessels or parts of vessels where no
atherosclerotic lesions were found, irrespective of the
diet. In other words, concerning the parts of aorta with
no relation to heart and valve development, endoglin
expression was detected only in endothelial cells on the
surface of atherosclerotic lesions in all mouse groups.
Our previous papers showed endoglin co-localization
with eNOS in mice atherosclerosis (Nachtigal et al.,
2009a,b; Vecerova et al., 2012). In addition, endoglin is
able to affect expression and activity of eNOS (Jerkic et
al., 2004; Toporsian et al., 2005; Cudmore et al., 2007).
We might speculate that endoglin expressed only by
plaque endothelium might be related to its endothelial
protective role together with eNOS. On the other hand,
Rossi et al. demonstrated recently that endoglin might be
involved in leukocyte adhesion during transmigration
both in vitro and in vivo and cooperates in this process
with cell adhesion molecules (Rossi et al., 2013).
Despite very convincing data from the paper, it is
necessary to point out that endoglin role in leukocyte
adhesion was demonstrated in venules in the study.
Indeed, venules are critical vessels for inflammatory
reaction in most organs (Scalia, 2013). However,
homeostasis of arteries as vessels prone to the
development of atherosclerosis is different when
compared to venules or capillaries (different size,
structure and hemodynamic conditions). 

VCAM-1 and P-selectin are critical cell adhesion
molecules participating in the development of
endothelial dysfunction and atherogenesis (Ramos et al.,
1999; Ley and Huo, 2001). Early P-selectin and VCAM-
1 endothelial expression was demonstrated even before
the formation of atherosclerotic lesions (Li et al., 1993),
suggesting that they are markers of endothelial
activation. Because of the fact that endoglin reflected the
atherogenic process only in ascending aorta in this study,
we focused on endoglin expression with P-selectin and
VCAM-1 only in this part of the vessel. Weak P-selectin
and VCAM-1 expressions were detected in non-
atherosclerotic endothelium, although no simultaneous
expression with endoglin was observed, suggesting that
endoglin is not involved in early activation of
endothelium in mice atherogenesis. In addition, no
simultaneous expression of endoglin with P-selectin and
only a weak occasional expression of VCAM-1 and
endoglin was visible in endothelium covering
atherosclerotic plaques. Based on the results of this
immunohistochemical study focusing on mice aorta with
different phases of atherogenesis, we might propose that
endoglin is not expressed together with cell adhesion
molecules that are critical for inflammation and
atherogenesis. These results, of course, do not rule out a
possibility that endoglin participates in the inflammation
and leukocyte adhesion in other parts of the vascular tree

or other organs. It must be pointed out that endoglin
plays different roles in various organs and in various
pathological conditions. Endoglin related activation and
overexpression of eNOS might be related to the
improvement of endothelial dysfunction (Jerkic et al.,
2004) (antiatherogenic effect) or activation of
angiogenesis (pro-atherogenic) (Duda et al., 2004; Li et
al., 2012). In addition, endoglin related increase of
collagen production might increase the stability of
atherosclerotic plaques (Bot et al., 2009) or support a
cardiac fibrosis (Kapur et al., 2012). 

It must be stated that immunohistochemical analysis
used in this study cannot answer the question about the
proatherogenic or antiatherogenic role of endoglin in
atherosclerosis; however, it brings another piece of the
puzzle with respect to evaluation the role of endoglin in
atherogenesis. 

In summary, we showed that: 1) endoglin expression
is detected in endothelial cells but not in macrophages or
smooth muscle cells in aortic sinus and aorta in apoE-
deficient mice, 2) endoglin expression varies during the
atherogenic process in aorta but not in aortic sinus, 3)
endoglin expression is detected only in endothelium
covering atherosclerotic lesions but not in non-
atherosclerotic endothelium regardless of the plaque size
and 4) endoglin is not expressed together with P-selectin
and VCAM-1 in aortic endothelium.

In conclusion, this study shows that endothelial
expression of endoglin is related to the atherogenic
process predominantly in aorta outside the heart.
Moreover, endoglin is not localized with cell adhesion
molecules involved in atherosclerosis, suggesting it
might not participate in leukocyte accumulation in aorta
of apoE-deficient mice during atherogenesis.
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