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Abstract
Objective: Patients with a bicuspid aortic valve (BAV) and
Marfan syndrome (MFS) have increased susceptibility for
development of aortopathy. In the heart, epicardial cells expressing Wilms tumor suppressor protein (Wt1) are known
to become activated after myocardial infarction. We hypothesize that epicardium covering the aorta might show a similar response in BAV and MFS in pathologic conditions.

quiescent stage in the epicardial cells, whereas only the
dilated TAVs showed a significant higher Wt1 expression (p
< 0.05) in the activated cuboid epicardial cells.
Conclusion: In all non-dilated patients, a baseline expression of Wt1 is present in epicardial and vascular smooth
muscle cells. A significant increase in Wt1 activity is solely
seen in the dilated TAV. Immature vascular smooth muscle
cells and absence of pathologic features of cardiovascular
ageing in BAV and MFS might explain the observed lack of
activation potential in these patients.

Methods: Non- and dilated ascending aorta specimen of
BAV (n = 36), tricuspid aortic valve (TAV) (n = 23), and MFS
(8) were investigated. The aorta was studied by immunohistochemistry and immunofluorescence, using Wt1 and
endothelial nitric oxide, which regulates Wt1 expression.
Functionality and therefore activity of Wt1 was confirmed
by co-expression with retinaldehyde dehydrogenase-II enzyme in the same cells.

Introduction

Results: The endothelium did not show a difference in the
expression of the markers between the groups. In the aortic
media Wt1 and eNOS expression were significantly higher
in the TAVs as compared to the BAVs and MFS. All groups
exhibited Wt1 positive cells in a quiescent stage in the
epicardial cells, whereas only the dilated TAVs showed a

Patients with a bicuspid aortic valve (BAV) and patients with Marfan syndrome (MFS) carry an increased
risk for aortic dilation as compared to patients with a
tricuspid aortic valve (TAV). Earlier research has shown
that both syndromes have similarities in the aortic me-
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dia architecture, characterized by an increased MMP
activity, decreased fibrillin-1 expression, immature vascular smooth muscle cells (VSMCs) and lack of features
of cardiovascular ageing in the dilated aorta [1-4]. This
is in contrast to the aortic wall in TAV, which harbours
differentiated VSMCs and shows a significant increase
in expression of progerin [4], a marker of cardiovascular ageing in the dilated aorta [5,6]. A different pathobiological mechanism thus seems to underlie aortic wall
pathology in BAV and MFS as compared to the TAV,
probably superimposed on the immature state of the
aortic media.
Research on aortic dilation in BAV, MFS and TAV has
till date mainly approached the media or adventitia of the
vessel wall [7,8]. In this study we sought to investigate the
outermost covering of the ascending aorta, the epicardium,
which has not received much attention so far. It has been
shown that epicardial cells fulfil many important functions
in the heart, during embryogenesis and adult life [9-11].
During the development of the heart, the epicardium undergoes a process called epithelial-to-mesenchymal transition.
During epithelial-to-mesenchymal transition the morphologic appearance of the epicardial cells alter from squamous
to cuboidal and the basement membrane dissolves. The epicardial cell delaminates, becoming an epicardium derived
cell which invades the subepicardial layer and subsequently
migrates into the myocardium [9,12]. Epicardium derived
cells are mandatory for the development of the VSMCs of
the coronary vasculature and contribute to the atrioventricular valves (reviewed: [9,13]). A large proportion of epicardium derived cells differentiate into the cardiac interstitial
fibroblasts of the heart, contributing to the fibrous skeleton.
In adult life the epicardium and epicardium derived cells
are in a quiescent stage, but it has been shown that these
inactive cells can become active in response to pathological
processes such as myocardial ischemia [14].
As BAV and MFS patients are highly susceptible for
aortic complications, we postulate that a similar activation reaction of the arterial epicardium is plausible,
whereby aortic wall pathology drives the activation of
these cells.The activation of the epicardial cells might
therefore serve as an early marker for future aortopathy,
which could be assessed clinically to identify patients at
risk of aortopathy.
To address this hypothesis, we investigated the ascending aortic wall on the expression of Wt1, as it has
been shown that in the developing heart, WT1 is required
for proliferation of vascular progenitors arising from
the epicardium [15-17]. Also, that WT1 is required for
maintenance of the undifferentiated state in these progenitors [16]. We also studied a retinoic acid (RALDH2)
marker, as RALDH2 is under direct transcriptional control of WT-1 and thereby an indicator for functional activity of Wt1 [18]. RALDH2 is further identified as a specific marker for the epicardium derived from the second
heart field [19]. It has also been shown that endothelial
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nitric oxide (eNOS) regulates the expression of Wt1, and
a deficiency of eNOS inhibits epicardium derived cell
migration [20]. Hence, we also investigated the expression of eNOS in the aortic wall layers and its relation to
the Wt1 expression.

Methods
Ascending aortic wall samples were obtained from
individuals with BAV and TAV, both with and without
dilation and individuals with MFS, without dilation. Dilation was clinically defined by reaching an ascending
aortic wall diameter of > 45 mm [1,21]. Sample collection and handling was carried out according to the official guidelines of the Medical Ethical Committee of the
Leiden University Medical Centre, Leiden, the Netherlands and the code of conduct of the Dutch federation
of Biomedical Scientific Societies. The Heart Valve Bank,
Thoraxcentre, Erasmus Medical Centre, Rotterdam, provided 6 BAV samples without aortic dilation as these
were not suitable for transplantation, as approved by
their Scientific Advisory Board. Furthermore the Academic Medical Centre provided us with 8 MFS biopsy
specimen, with approval of the Medical Ethical Committee. The study population was divided in 5 groups:
1) TAV without ascending aorta dilation; 2) TAV with
ascending aorta dilation; 3) BAV without ascending aorta dilation; 4) BAV with ascending aorta dilation; 5) MFS
without ascending aorta dilation, termed MFS (Table 1).
Following excision, all specimen were fixed in 4% formalin for 24 hours, decalcified in Kristensen’s solution (a
formic acid buffer) for 120 hrs and subsequently embedded
in paraffin. Transverse sections (5 µm) were mounted on
pre-coated Starfrost slides (Klinipath B.V., 3057-1, Duiven,
The Netherlands) to allow comparing different expression
profiles on sequential sections.
Immunohistochemical staining was performed following the protocol for deparaffinization, antigen retrieval and staining as described in our previous studies
[1,21]. Primary antibodies applied to the slides were Wt1
1/300 (Product number CA1026, Calbiochem, Billerica,
USA), RALDH2 1/100 (Product number ab75674, Abcam, Cambridge, UK) and eNOS 1/100 (Product number,
PA1037, Thermo scientific, Rockford, USA). Secondary
antibodies applied were: 1/200 goat-anti-rabbit-biotin,
(Product number BA-100, Vector Laboratories, Burlingame, USA) and 1/66 normal goat serum, (Product
number S1000, Vector Laboratories, Burlingame, USA).
To detect co-expression, we performed double immunofluorescent stainings. Sections were deparaffinated, rehydrated and subjected to antigen retrieval as described
[1,21]. Tissue sections were incubated with primary antibodies Wt1 1/100 (Product number MAB4234, Chemicon, Billerica, USA), RALDH2 1/100 and eNOS 1/100
overnight (4 °C), followed by incubation with secondary
antibody Cy3 donkey anti mouse IgG (Product number
715-165-150 Jackson Immunoresearch, 715-165-150)
• Page 2 of 8 •
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Table 1: Patient characteristics are shown in table below. TA: Tricuspid Valve, without Dilation; TAD: Tricuspid Valve, with Dilation;
BA: Bicuspid Valve, without Dilation; BAD: Bicuspid Valve, with Dilation; BAV: Bicuspid Aortic Valve; MFS: Marfan Syndrome,
without Dilation; LUMC: Leiden University Medical Center, EMC: Erasmus Medical Center, AMC: Academic Medical Center.
Characteristic

TA
TAD
N = 11
N = 12
Specimen obtained Post mortem, LUMC Elective repair of
from
the ascending aorta,
LUMC
Exclusion criterion
Age (years)
Males (%)
Females (%)
Ascending aorta
diameter (mean)
Aortic root
diameter (mean)

MFS
64.5 ± 9.0
54.5%
45.5%
*

MFS
72.3 ± 11.2
33.3%
66.7%
55.0 ± 10.7

BA
N = 17
Stentless root
replacement in the
LUMC and six biopsies from the EMC
MFS
55.8 ± 9.8
70.1%
29.4%
36.5 ± 7.4**

***

***

***

BAD
N = 19
Elective repair of
the ascending aorta,
LUMC

MFS
N=8
Elective repair of a
dilated aortic root (>
45mm), AMC

MFS
60.7 ± 7.8
84.2%
15.8%
52.7 ± 6.2

BAV
34.1 ± 11.8
62.5%
37.5%
28.4 ± 12.8

***

48.1 ± 3.0

*data unavailable, clinically defined as non-dilated by pathologist, **data unavailable for 5 patients, clinically defined as nondilated by pathologist, ***aortic root diameters unavailable.

for Wt1 and Alexa Fluor 647 donkey anti-rabbit IgG (Invitrogen, A-31573) for eNOS (1 hr, 20 °C). Cy3 and Alexa
Fluor 647 were preferred secondary antibodies, because
of green autofluorescence of the elastic lamellae. Nuclei
were visualized with DAPI (4’,6-diamidino-2-phenylindole, Sigma-Aldrich). Finally, slides were mounted with
ProlonGold (Invitrogen, P36930).
Sections were studied with a Leica BM5000 microscope equipped with plan achromatic objectives (Leica
Microsystems, Wetzlar, Germany).
As handling during excision of aortic tissue can easily
damage epicardial cells, we first identified Wt1 stained
specimen in which the adventitia showed an intact
monolayer of epicardial cells: non-dilated TAV N = 4
(total N = 11), dilated TAV N = 4 (total N = 12), non-dilated BAV N = 4 (total N = 17), dilated BAV N = 8 (total
N = 19) and MFS N = 2 (total N = 8). The number of
MFS patients was too small to allow an adequate statistical analysis of the epicardial cells. Analysis of epicardial Wt1, RALDH2 and eNOS expression was therefore
solely performed on the non- and dilated BAV and TAV
groups. In the MFS group, only the morphologic appearance of the epicardial cells could be described.
To determine the level of expression of the Wt1, eNOS
and RALDH2 markers in the aortic media of BAV, TAV
and MFS patients, the number of positively stained nuclei
(for Wt1 and eNOS) and cytoplasmic positive cells (for
RALHD2) was counted using ImageJ on 3 predetermined
locations (left, middle and right) of every section. These we
refer to as ‘microscopic fields’ and were maintained in evaluation of all sections. A threshold was applied to filter background noise. The total number of cells (positively stained
and negative nuclei and cytoplasm) was not different in all
specimens. In each microscopic field the number of cells
positive for Wt1, RALDH2 and eNOS was therefore normalized to the total number of cells per 105 µm2. Finally, the
number of normalized positive cells for each staining was
averaged between the 3 microscopic fields. All specimens
Grewal et al. Int J Pathol Clin Res 2017, 3:051

were re-evaluated by an independent, experienced histopathologist who was blinded to the clinical data.
All numerical data are presented as mean ± SD of 3
fixed microscopic fields on each stained slide. Statistical differences were evaluated with the Mann-Whitney
U-test for comparison between the groups. Significance
was assumed when p < 0.05 using SPSS 20.0 software
program (SPSS Inc. Chicago, USA). We have performed
a 1, 2 and 3 way ANCOVA test to correct for age and
gender. Graphpad software was used to create graphics of statistical analysis.

Results
The aortic wall consists of 3 layers: the tunica intima lined by endothelium, media and adventitia lined by
arterial epicardium. Expression of Wt1, RALDH2 and
eNOS was seen in all 3 layers, as will be presented in the
following paragraphs. Figure 1 gives an overview of the
markers was expressed the endothelial cells, VSMCs and
the epicardial cells, positive and negative staining is indicated, either cytoplasmic or nuclear. Figure 1 also shows
a complete overview of the aortic wall to indicate the location of the stained cells.
Endothelial cells lining the luminal surface of the tunica intima stained predominantly positive for Wt1 in
the nucleus. Morphologic appearance of all Wt1 positive
cells was similar, being squamous. We analysed the total
Wt1 positive population in each sample of the 5 groups
and calculated the ratio of Wt1 positive compared to Wt1
negative cells. No significant difference was seen between
the 5 groups (Figure 1 and Table 2).
All Wt1 positive endothelial cells also showed eNOS
and RALDH2 expression, with no difference in the ratio of positive compared to negative cells between the 5
groups (Figure 1 and Table 2).
In the aortic media, the total number of VSMCs was
not different between all investigated specimens [4,21].
Figure 2 gives an overview of the expression of Wt1,
RALDH2 and eNOS in the aortic media (2A-H). In the
aorta a subset of VSMCs variably stained positive for
• Page 3 of 8 •
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Figure 1: An overview is given of the stained markers: Wilms tumor suppressor protein (Wt1), Retinaldehyde dehydrogenaseII (RALDH2) and endothelial nitric oxide (eNOS), in the endothelial cells, vascular smooth muscle cells (VSMCs) and the
epicardial cells. Positive and negative staining is indicated, either cytoplasmic or nuclear.
In the last column a transverse histologic section (5μ) of the aortic wall of a non-dilated tricuspid aortic valve, stained for
hematoxylin eosin is shown to indicate the location of the stained cells. The figure indicates the intimal layer (i) lined with
endothelial cells; the medial layer (m) with vascular smooth muscle cells (VSMCs), subdivided in the inner media (im), middle
media (mm) and outer media (om); and the adventitial layer (a) where epicardial cells are located.
Magnification: 100x.
Table 2: An overview of the results and the statistical significance in the endothelial cells. Wilms Tumor suppressor protein: Wt1,
Retinaldehyde Dehydrogenase-II: RALDH2, endothelial Nitric Oxide: eNOS. TA: Tricuspid Valve, without Dilation; TAD: Tricuspid
Valve, with Dilation; BA: Bicuspid Valve, without dilation; BAD: Bicuspid Valve, with Dilation; MFS: Marfan Syndrome, without
dilation. *mean ratio positive/negative cells.
Antigen
Wt1, RALDH2 and eNOS

Location
Endothelial cells

TA
0.54*

TAD
0.54*

BA
0.54*

BAD
0.54*

MFS
0.54*

P-value
Ns

Wt1 in the nucleus and/or cytoplasm. For analysis only
the nuclear Wt1 level of expression was considered.

these groups (p = 0.0022 and p = 0.0018 respectively)
(Figure 1 and Figure 2C).

The number of positively stained VSMCs in the aortic
media was significantly the highest in the dilated TAV
group. Although in the dilated BAV the VSMCs stained
significantly less for Wt1 as compared to the dilated
TAV (p < 0.0001), the expression was higher than in the
non-dilated BAV group (p = 0.015). No significant difference was found in medial expression of Wt1 between
the non-dilated BAV and TAV group, whereas the MFS
showed significantly less expression as compared to both

All Wt1 positive VSMCs also stained cytoplasmic for
RALDH2 (Figure 1, Figure 2A, Figure 2B and Figure 2C).
Wt1 and RALDH2 positive VSMCs also stained positive
in the nucleus for eNOS in the aortic media (Figure 2D,
Figure 2E, Figure 2F, Figure 2G and Figure 2H). Expression was however not completely similar to the Wt1
and RALDH2, as some VSMCs only stained positive
for eNOS (Figure 2E, Figure 2F, Figure 2G and Figure
2H). The number of eNOS positive cells was significantly
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Figure 2: Figure 2A is a transverse histologic section (5μ) of a non-dilated tricuspid aortic valve (TA). DAB stained for
Retinaldehyde dehydrogenase-II (RALDH2), the vascular smooth muscle cells stained positive for RALDH2 are brown and the
negative stained vascular smooth muscle cells remain blue. Expression of RALDH2, Wilms tumor suppressor protein (Wt1) and
endothelial nitric oxide (eNOS) in the VSMCs of the aortic media are shown in graph 2B, 2C and 2D respectively.
Figure 2E-2H shows transverse histologic sections of the aortic wall in the non-dilated tricuspid aortic wall (5μ). The white
arrows indicate staining with immunofluorescent staining for DAPI (blue, 2E), Wt1 (red, 2F), eNOS (green, 2G) and the overlay
is shown in 2H for the co-expression of Wt1 and eNOS.
TA: Tricuspid Valve, without Dilation; TAD: Tricuspid Valve, with Dilation; BA: Bicuspid Valve, without Dilation; BAD: Bicuspid
Valve, with Dilation, MFS: Syndrome, without Dilatation. * = p < 0.05, ** = p < 0.01, *** = p < 0.001, **** = p < 0.0001.
Magnification: 2A: 20x 2E-2H: 40x.
Grewal et al. Int J Pathol Clin Res 2017, 3:051
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higher in all TAVs (non- and dilated), as compared to
all BAVs (non- and dilated) (p = 0.0234 and p = 0.0353
respectively) (Figure 2D). In the MFS group, the number
of eNOS positive cells was comparable to the non-dilated
BAV group (p = 0.1529) (Figure 2D).

tical analysis of the epicardial cells. Analysis of epicardial Wt1, RALDH2 and eNOS expression was therefore
solely performed on the non- and dilated BAV and TAV
groups. In the MFS group, only the morphologic appearance of the epicardial cells could be described.

The adventitial side of the vessel wall, bordering the
pericardial cavity, is lined by arterial epicardial cells.
Wt1 expression was variably present in the nucleus and/
or cytoplasm. An epicardial cell was identified as positive for Wt1 if either the nucleus or cytoplasm stained
positive. The epicardial cells could morphologically be
distinguished in 3 types: Wt1 negative squamous, Wt1
positive squamous and Wt1 positive cuboidal. The Wt1
positive cells were often found in epicardial invaginations or inpocketings (Figure 3A and Figure 3B). As handling during excision of aortic tissue can easily damage
epicardial cells, we first identified Wt1 stained specimen
in which the adventitia showed an intact monolayer of
epicardial cells, which was in the TA, TAD, BA and BAD
groups. The number of MFS patients with an epicardial
outer covering was too small to allow an adequate statis-

We first analysed the total Wt1 positive population
(both squamous and cuboidal) in each sample and calculated the ratio of Wt1 positive compared to Wt1 negative cells.
No significant difference was seen between the 4 groups
(mean ratio 0.44). The Wt1 positive squamous epicardial
cells represent an initial phase of epicardial activity, whereas cuboidal cells are prone for epithelial-to-mesenchymal
transition. Therefore, we assessed the epicardial activity,
defined as the transition from an initial quiescent phase to
active epicardium, by the ratio of Wt1 positive squamous
and cuboidal epicardial cells. The ratio was 0.73 in TA, 6.54
in TAD, 1.05 in BA and 2.99 in BAD. A significant increase
in epicardial activity based on number of cuboid cells was
seen in the dilated TAV as compared to the non-dilated
TAV (p = 0.0286), and the epicardial activity was significantly greater in dilated TAV compared to dilated BAV (p <

Figure 3: In figure 3A and 3B transverse histologic sections (5µ) are shown of the dilated tricuspid aortic valve (3F) and
bicuspid aortic valve (BAD) group stained for Wt1 with DAB staining. Epicardial cells positive for Wt1 stain brown and can
either have a squamous (sc) or cuboidal (cc) phenotype. The graph shown in figure 3C indicates the epicardial activity, defined
as the ratio of Wt1 positive squamous (sc) and cuboidal (cc) epicardial cells.
Figure 3D-3G shows transverse histologic sections (5µ) of the epicardial cells in the dilated tricuspid aortic valve group (TAD). The
epicardial cells shown are stained with immunofluorescence for DAPI (blue, 3D), Wilms tumor suppressor protein (Wt1) (red, 3E)
and endothelial nitric oxide (eNOS) (green, 3F) and the overlay is shown in 3G for the co-expression of Wt1 and eNOS.
TA: Tricuspid Valve, without Dilation; TAD: Tricuspid Valve, with Dilation; BA: Tricuspid Valve, with Dilation; BAD: Bicuspid
Valve, with Dilation. * = p < 0.05.
Magnification 3A, 3B: 40× 3D-3G: 100x.
Grewal et al. Int J Pathol Clin Res 2017, 3:051
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0.0485) (Figure 1 and Figure 3C). The epicardial cells of the
ascending aorta of the MFS group were mostly squamous
in appearance and showed minimal Wt1 expression and
when present only in the cytoplasm. In dilated specimen
of TAV invasion of epicardial cells into the subepicardial
layer was also seen (not quantified), demonstrating epithelial-to-mesenchymal transition resulting in epicardium derived cells entering the adventitia, which was not prominent
in BAV and MFS patients. Wt1 positive epicardial cells also
stained positive cytoplasmatic for its downstream mediator
RALDH2 in all groups (Figure 1). Moreover expression of
eNOS was also observed in the same epicardial cells (Figure
1, Figure 3D, Figure 3E, Figure 3F and Figure 3G).

Discussion
Thoracic aortic dilation is a relatively common medical problem. The fact that the first presentation can be life
threatening in the form of dissection or rupture of the aortic
wall makes it even more crucial to understand the underlying pathobiology. The clinical course in BAV and MFS
is more often complicated with thoracic aortic dilation as
compared to TAV. In recent years research on differences between the aortic wall of both valve types and MFS has
shown that the pathobiology is different in both syndromes
with an intrinsically different, less mature aortic wall, as
compared to the TAV [4]. However, the question remains
what causes the progressive weakening of the aortic wall in
bicuspidy and MFS. In this paper we focused on the activation of the arterial epicardium and VSMCs in both BAV
and MFS aortic wall tissue as a possible marker for future
aortopathy. As in the healthy adult heart the epicardium
covering the myocardium is in a quiescent stage and also
becomes active under pathological influences, such as myocardial infarction. The activated epicardial cells regulate and
then take part in the repair processes that follows [14].
Although Wt1 has been shown to be a marker for the
epicardium, recent literature confirms its expression in the
endothelium as well [22,23]. Besides during normal development, an enhanced cardiac endothelial Wt1 expression
has also been described in coronary vascular pathology in
a rat model [20]. In our studied aortic specimen no difference in Wt1 and RALDH2 expression in the arterial endothelium was found between the dilated and the non-dilated
aortic wall of BAV, TAV and MFS. Expression of eNOS in
the endothelial cells was also similar in the 5 patient groups.
Although co-expression of Wt1 and eNOS has been linked
in epicardial cells [20] before, the observed co-expression in
the endothelium has not been described earlier.
In all samples of the 5 groups the epicardial layer exhibited patches of quiescent epicardial cells alternating with
cuboid epicardial cells that expressed Wt1, accordingly all
specimens showed epithelial-to-mesenchymal transitionof
the epicardial layer. An increase in Wt1 activity was most
striking for the dilated TAV. No increase was seen for the
dilated BAV patients. Additional statistical analysis showed
that age and gender were not confounding in this study. As
the absolute diameters of the ascending aorta were somewhat similar in dilated BAV and TAV, Wt1 expression in
Grewal et al. Int J Pathol Clin Res 2017, 3:051
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the epicardium is not likely to be associated with the degree of dilation. We have earlier shown that the aortic wall
in TAV is structurally different from the BAV and MFS,
with pathological differences related to inflammation and
pathological ageing correlating with increased progerin
expression. In the literature too, comparable characteristics of cardiovascular ageing leading to myocardial ischemia and subsequent activation of the epicardial Wt1 have
been described in the coronary vasculature [14]. Epicardial activation might therefore not per se be associated with
aortic dilation as an end point of aortopathy, rather with
the pathologic cardiovascular ageing features leading to it.
Besides Wt1 and RALDH2, expression of eNOS was also
noted in the epicardial cells. Although in eNOS deficient
mice an inhibition of epicardium derived cell migration has
been noted [20], a prominent role of eNOS in the arterial
epicardium of BAV cannot be concluded from this study.
Future research should focus on arterial epicardial cells in
BAV mouse models, to elucidate a possible role of eNOS
related to the observed decreased Wt1 activity. Comparable
to the epicardium we further see a difference in the VSMCs
Wt1 activity between the BAV, MFS and TAV. We postulate that that this difference, like in the epicardial cells, is
based on the immature state of the vessel wall and absence
of features of cardiovascular ageing in the BAV and MFS as
compared to the TAV.
Wt1 activity in epicardial and VSMCs is thus seen in
ageing ascending aortic walls. Although this marker is
not suitable in identifying BAV and MFS patients at risk
for future aortopathy, more research is warranted to find
out whether the activation state of epicardial cells could
be of therapeutic value in TAV patients identified with
an early stage of ascending aortic wall dilation.

Study Limitations
We designed our study by comparing the expression
of the markers Wt1, eNOS and RALDH2 in cases of nonand dilated aorta of BAV, TAV and MFS patients. A limitation of our qualitative and semi-quantitative study
is that we did not have frozen tissue samples of all the
aortic wall specimens. Therefore quantitative evaluation
by e.g. PCR or Western blot to correlate our findings to
immunohistochemistry was not performed.
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