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The NFkB family of transcription factors, particularly the acti-
vated p50/p65 heterodimer, is expressed in vascular cells during
intimal thickening formation when hemodynamic conditions are
altered. Here, we report that p50, p65, IxBa and IKKa display
different spatial and temporal patterns of expression and distri-
bution during both chicken embryo aortic wall remodeling and
intimal thickening development. Additionally, we show that both
p50 and p65 were located in the nucleus of some mesenchymal
cells expressing O-smooth muscle actin which are present in the
spontaneous intimal thickening observed at embryonic days 12—-14
of development. We also demonstrated that both NF«B subunits
are present in monolayers of primary embryonic aortic endothelial
cells attached to fibronectin and stimulated with complete medium.
This study demonstrates for the first time the presence of activated
NFxB during the remodeling of the embryonic aortic wall and the
formation of intimal thickening, providing evidence that suggest a
possible role for this transcription factor in the EndoMT process.

Introduction

Vascular remodeling, more precisely arterial wall remodeling, is
a dynamic process of structural and architectural alterations that
occurs during embryonic and vascular development as well as in
many vascular diseases.!?> This process entails cell growth, cell
migration, apoptosis and degradation and reorganization in the
extracellular matrix (ECM) composition and is regulated by hemo-
dynamic stimuli, as well as by environmental and genetic factors.!3-¢
Alterations in hemodynamic conditions have been widely known
to cause intimal hyperplasia or intimal thickening.#®7 Intimal

thickening is defined as an increase in cell numbers within the
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innermost region of the vessel wall (intima) which occurs concomi-
tantly with the degradation and reorganization of ECM components.®
It may involve cytokines and growth factors, cell migration and
proliferation and gene expression modulation.? Currently, there is
controversy regarding not only the origin or the source of vascular
SMCs involved in development? and the cells that conform the
intimal thickening,'® but also regarding the mechanisms contrib-
uting to their formation. In this respect, recent studies have
proposed different sources for intimal cells that include circulating
hematopoietic stem cells, circulating smooth muscle progenitor cells
of nonhematopoietic cells or local vascular smooth muscle cells.'!
Other sources could be the endothelium by an EndoMT process'?
or proepicardial/epicardial cells.?

EndoMT is a process through which certain endothelial cell subsets
lose endothelial characteristics and transform into mesenchymal or
SM-like cells. Emerging evidence suggests that this process is critical
during embryonic and adult vascular development and during the
formation of intimal thickening.!? It may involve several regulated
steps: cell spreading, cell separation or loss of cell-cell contacts or
adherence junctions, proteases, cytokine and growth factor synthesis
and secretion, ECM remodeling, membrane receptor expression,
cytoskeletal organization, cell separation from the substratum (cell
detachment) and cell migration and differentiation.!? Of particular
significance, intimal thickening formation involving EndoMT
has been described in both aortic!® and pulmonary artery wall'4
during advanced stages of chicken embryo development and corre-
lated with an increase in blood pressure that occurs during these
stages. Nevertheless, the mechanisms by which endothelial transfor-
mation occurs, as well as the signals controlling this process, are only
beginning to be elucidated.

Several in vivo and in vitro studies have indicated that the regula-
tion of transcription of a variety of genes is also an important event
in the neointima formation, and that it may occur in response to
hemodynamic influences.!>”

Members of the NF«B family play important roles controlling
vascular gene expression.!>!” This family comprises five members
that form either homodimers or heterodimers: RelA/p65, RelB and
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c-Rel, NFkB1 (p50 and its precursor p105) and NFkB2 (p52 and its
precursor p100). The most widely expressed complex, often referred
to as NF«B, is the 65 kDa RelA subunit and the 50 kDa p50 subunit
(p65/p50). This dimer is present in virtually all cell types in a latent,
inactive form in the cytoplasm where it is physically bound to IxBs
conforming the NFxB: IxB complexes whose formation is normally
subjected to a variety of extracellular stimuli.'® Several members of
the IkB regulatory family have been characterized, including IxBa,
IkBp, IkBy, IkBe and Bcl3. When a cell receives any stimulus,
IxBs proteins are rapidly phosphorylated by IKK complexes and
subsequently degraded by the proteasome machinery, resulting in
the dissociation of the NF«B from its inhibitor IkB. This allows the
active dimer to traslocate into the nucleus, binding specific DNA
sites collectively called kB sites, and to activate the expression of
specific target genes involved in cell adhesion, growth, differentia-
tion, inflammatory responses and apoptosis.'®1?

The NFB family members, particularly the activated p65/p50
heterodimer, are expressed in vascular cells during neointima forma-
tion when hemodynamic conditions are altered.?®?! Moreover,
increased nuclear localization of p65 and p50 is detected in the
intimal thickening and medial cells of human atherosclerotic lesions,
whereas little or no nuclear accumulation of both NFkB subunits is
observed in the cells of healthy vessels.?2-2>

These findings prompted us to investigate the possible role of
NFxB in the EndoMT process; for that, we examined the presence
and localization of p50, p65, IkBo and IKKa in chicken embryo
aorta wall during different stages of development, with particular
emphasis in embryonic days 12-14 (days E12-E14) (stages 38 and
40), when intimal thickening and endothelial transformation are
notorious. We also investigated the expression and activation of both
NFxB subunits in monolayers of primary embryonic aortic endo-
thelial cells attached to fibronectin and stimulated with complete
medium.

As mentioned, arterial wall remodeling involves degradation
and reorganization of ECM components with the participation
of specialized proteases called MMPs, particularly MMP2 and
MMP9.5 In this respect, studies related to hemodynamic alterations
have demonstrated an increased expression of MMP-2 and MMP-9

during intimal thickening formation,’

some of them indicating that
the translocation or activation of NFxB correlates with the expres-
sion and activation of certain MMPs in endothelial cells.2® We
therefore evaluated the expression and localization of MMP-2 and
MMP-9 in chicken embryo aortic wall during advanced stages of

development and during EndoMT.

Results

In vivo p65, p50, IkBo and IKKo expression and immunolo-
calization. In order to investigate the expression and localization of
p65, p50 and its inhibitor, [kBa, in the aortic wall at days E12-E14
(stages 38 and 40) of development when intimal thickening is clearly

evident and EndoMT occurs,!?
ined by immunoperoxidase staining. A specific polyclonal antibody

serial paraffin sections were exam-

that recognizes epitopes on the N-terminus of p65 subunit in the
cytoplasm and in the nucleus and other that recognizes the NLS of
p50 subunit and its precursor, p105, were used. Both p65 and p50
were selected because they are the NFkB subunits most frequently
detected in human atherosclerotic lesions.222425 We also studied the
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Figure 1. Photograph of chicken embryo heart on day E12 showing the
region studied (Ao, arrow).

expression and localization of IKKot protein, being it considered as it
is: a critical player in the regulation of NFkB activity.!”-18

At days E12-E14 of development, the aortic wall is composed by
the endothelium, which limits the vessel lumen, and radially oriented
mesenchymal cells originating from the endothelium that constitute
the intimal thickening. At these stages it is possible to distinguish
organized cells in circular lamellar and interlamellar layers that form
the inner and outer media where the cells appear as compact lamellae
(Fig. 2). The immunoreactivity observed at these stages for p50 was
more intense compared to p65. Even so, both immunoreactivities
were detected in the nucleus and the cytoplasm of some endothelial
and mesenchymal cells of the intimal thickening as well as in those
cells arranged in lamellar layers that form the inner media (Fig. 2);
the immunoreactivities being less prominent in interlamellar cell
layers and in the compact lamellae (Fig. 2).

Immunoperoxidase staining also revealed strong IxBot and IKKo
immunoreactivities mostly cytoplasmic that were limited to some
mesenchymal and lamellar cells of the inner media (Fig. 2). No
immunoreactivity was observed when the primary antibody was
omitted or replaced by specific IgG in control paraffin sections (not
shown).

To ascertain whether p65, p50, IkBai, and IKKol contribute to
the development of intimal thickening and to the remodeling of the
embryonic aortic wall, the expression of these proteins was examined
in serial paraffin sections from days E7, E14, and E21 (stages 31, 40
and 46) by immunoperoxidase staining.

At day E7, intimal thickening is not evident and the aortic wall
is composed of an endothelium and a condensed mesenchyme that
is located closest to the endothelium, and few circular lamellar layers
of cells, all of them displaying strong 0--SM actin immunoreactivity,
except the endothelium (Fig. 3). At this stage, immunoperoxidase
revealed moderate expression of p50 in the endothelium, condensed
mesenchyme and cellular layers (Fig. 3). Interestingly, little p65,
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Figure 2. Immunolocalization of p65, p50, IkBo and IKKo: in serial paraffin cross-sections of chicken embryo aorta at day E13 of development.
Immunoreactivity for pé5 is observed in the nucleus (arrows) and the cytoplasm (arrowheads) of some endothelial cells (€) and mesenchymal cells (mc) con-
stituting the intimal thickening (IT) and in cells of the lamellar layers (Ic). Less prominent immunoreactivity is defected in the interlamellar cell layers (ilc) and
compact lamellae (cl) of the outer media (OM). For p50, a more infense immunoreactivity is observed in the nucleus (arrows) and the cytoplasm (arrowhead:s)
of some endothelial cells (e) and mesenchymal cells (mc) and cells of the lamellar layers (Ic). Less immunoreactivity is observed in the interlamellar cell layers
(ilc) and compact lamellae (cl). IkBa and IKKe: immunoreactivities are detected in the cytoplasm (arrowheads) of some mesenchymal (mc) and lamellar cells
(Ilc). L, lumen. IM, inner media. Scale bars = 100 and 15 pm.
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Figure 3. See figure legend, page 20.
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Figure 3. (Page 19) Immunolocalization of p6é5, p50, IkBa, IKKo and o-SM actin in serial paraffin cross-sections of chicken embryo aorta at days E7, E14
and E21. At day E7, a moderate p50 expression is observed in the endothelium (e}, condensed mesenchyme (cm) and in cells of the lamellar layers (lc). Little
p65, IkBow and IKKo: immunoreactivity is observed throughout the vessel wall. Strong a-SM actin immunoreactivity is detected in the condensed mesenchyme
(cm) and in cells of the lamellar layers (Ic) but not in the endothelium (e). At day E14, immunoreactivity for p65, p50, IxBo and IKKa: was similar to that
observed at day 13 (see Fig. 1). For a-SM actin, a strong immunoreactivity is observed in a few mesenchymal cells and in lamellar cell layers (Ic). At day
E21, the expression of p65, p50, IxBo and IKKa. is detected throughout the vessel wall, including in the cells of the outer media where the cells appear as
compact lamellae (cl). Strong 0-SM actin expression is observed in a few mesenchymal cells adjacent to the endothelium and in the lamellar cell layers (Ic)
and compact lamellae (cl). L, lumen; it, intimal thickening. Scale bars = 100 and 50 pm.

IxBo and IKKou expression were observed throughout the vessel
wall (Fig. 3). As described, at day E14, when intimal thickening is
clearly evident and some 0.-SM actin positive mesenchymal cells are
present (Fig. 3), p65, IxkBow and IKKal were expressed, contrary to
that observed at day E7. Specifically, expression of p65 was detected
in the intimal thickening as well as in cells organized in lamellar
layers, while no staining was detected in the outer media. In this
stage, the expression of p50 was more intense when compared with
its levels at day E7 and with the relative levels of p65. As mentioned,
IxBow and IKKo expression appeared mainly to be limited to some
mesenchymal cells and lamellar cells of the inner media (Fig. 3). At
day E21, when intimal thickening appeared to be decreased, the p50,
p65, IkBow and IKKo expression were similar to that observed at day
E14, with the only difference that the compact lamellae that form the
outer media now expressed these proteins (Fig. 3).

In order to confirm the presence of p50 and p65 in the aortic wall,
Western blot analysis was performed on cytoplasmic and nuclear
protein extracts from aortae at day E7 and E14. By using anti-p50
polyclonal antibody, at day E7 we detected in the cytoplasmic extract
a strong band with a Mr of 105 kDa corresponding to the precursor
of p50 (p105) (Fig. 4A, lane 1). When p50 expression was examined
in the nuclear extract using anti-phospho-p50 polyclonal antibody,
which recognizes the activated form of p50, no bands were detected
(Fig. 4A, lane 2). At this stage, Western blotting of cytoplasmic
extract with a polyclonal antibody against p65 showed that no band
with a Mr of 65 kDa was present, instead a faint band with a Mr of
50 kDa, was observed (Fig. 4A, lane 3). When anti-phospho-p65,
which recognizes the activated form of p65, was used, two faint
bands, one of 65 kDa and other of 50 kDa were detected in the
nuclear extract (Fig. 4A, lane 4). In contrast, at day E14 anti-p50
detected in the cytoplasmic extract a strong band with a Mr of 105
kDa and other less intense with a Mr of 50 kDa, corresponding to
the precursor of p50 (p105) and to the homodimeric form of p50
(p50/p50), respectively (Fig. 4B, lane 1). Using anti-phospho-p50 we
detected in the nuclear extract a band with a Mr of 50 kDa suggestive
of p50 homodimer (p50/p50) (Fig. 4B, lane 2). Western blotting of
cytoplasmic extract with anti-p65 revealed the presence of one band
with a Mr of 65 kDa and another of 50 kDa (Fig. 4B, lane 3), the
former corresponding to the inactivated form of p65 (IxB-o P65/
p50) and the latter likely due to cross-reactivity. In nuclear extract,
anti-phospho-p65 revealed a strong band corresponding to p65/p50
heterodimer (Fig. 4B, lane 4).

As a whole, these findings indicate that p50, p65, IkBa and
IKK-a seem to have a dynamic pattern of expression and distribu-
tion during the remodeling of the embryonic aortic wall and the
development of intimal thickening.

We previously reported that during intimal thickening formation
certain subsets of endothelial cells lose endothelial characteristics
and transform into mesenchymal cells, some of them becoming to

20 Cell Adhesion & Migration

A i Day E7 B bie Day E14

(kDa) p50 p65 (kDa)
105 s : “
65
50 Z

p

i

1 2 3 4

Line 2 = phospho-p50
Line 4 = phosoho-p65

Figure 4. Western blot analysis for p50 and pé5 in aorta exiracts from
days E7 (A) and E14 (B). Cytoplasmic (lines 1 and 3) and nuclear (lines
2 and 4) extracts were obtained as described in experimental procedures.
Protein (13 pg) of both extracts were separated by SDS-PAGE under reduc-
ing conditions and immunoblotted with the following polyclonal antibodies:
anti-p50 (line 1), anti-pé5 (line 3); anti-phospho-p50 (tracks 2 and 3) and
anti-phospho-pé5 (line 4).

express 0.-SM actin.!314 Also, it has been proposed that the nuclear
localization of both p50 and p65 subunits in intimal cells of athero-
sclerotic lesions is an indicator of NFkB activity.??-2> We therefore
also examined by double immunoperoxidase staining whether p50,
p65 or IKKo were present at the nucleus of those cells that expressed
0-SM actin at days E12-E14 of development, when the intimal
thickening is evident.

High magnification of serial paraffin sections showed that p50
and p65 were located in the nucleus of some mesenchymal cells that
expressed 0-SM actin as well as in some 0-SM actin positive cells
organized in lamellar cells (Fig. 5); whereas IKKo was found colocal-
izing with 0-SM actin in the cytoplasm of some mesenchymal cells
and some lamellar cells (Fig. 5).

These observations indicate that activation and translocation
of NFkB subunits may be associated to the endothelial trans-
formation.

In vitro p50, p65, IxBa. and IKKo. immunolocalization. In the
light of our findings suggesting that the expression and activation of
p50 and p65 N-kB subunits may be associated to the endothelial
transformation and that NFxB activation proceed rapidly by disso-
ciation from its inhibitor, we also investigated whether both subunits
and some of their regulators, particularly IxBa and IKKo, were
expressed and activated when monolayers of embryonic endothelial
cells obtained from aortic explants from days E11 and E12 (stages
37 and 38) that had been transiently mechanically altered during the
explant removal, were stimulated for 1-2 hr and 48 hrs with complete
medium (1% ITS or IGFII 500ng/ml). Under these conditions the
expression of both p50 and p65 was investigated in some of these
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Figure 5. Double immunoperoxidase staining with antibodies to pé5, p50,
IKKoe and a-SM actin in serial paraffin sections of chicken embryo aorta
at day E14 of development. Nuclear immunoreactivity for p50 or p65
(brown) is observed in some mesenchymal and lamellar cells (arrows) that
also exhibit cytoplasmic immunoreactivity for o-SM actin (red). For IKKo
(brown), immunoreactivity is detected colocalizing with o-SM actin (red) in
the cytoplasm of some mesenchymal and lamellar cells (arrows). L, lumen. e,
endothelium. mc, mesenchymal cells. Ic, lamellar cells. Scale bar = 20 pm.

cultures by immunoperoxidase staining using anti-phospho-p50 and
anti-phospho-p65.

At 1-2 hr after stimulation, a strong nuclear staining for phospho-
p50, suggestive of NFkB activation and translocation, was detected
in the majority of endothelial cells of the monolayer which displayed
an elongated form and ovoid nuclei, with an orientation that seems
to reveal the direction of the blood flow observed in vivo (Fig. 6A).
Strong staining was also observed in many of the cells located at the
edges of the monolayer that appeared to be spreading and separating
(Fig. 6A). High magnification of these cultures showed that in some
cells the staining for phospho-p50 practically encompassed the
complete nucleus, whereas in others, the staining encompassed the
nucleus partially (Fig. 6A). For phospho-p65, a less intense nuclear
staining was found in many endothelial cells of the monolayer and in
spreading and separating cells with in some of these cells the staining
encompassing the nucleus totally or partially (Fig. 6A).

When similar endothelial cell monolayers were stimulated for
48 hrs, a strong nuclear staining and a conspicuous cytoplasmic
staining for phospho-p50 was detected in many cells of the mono-
layer that now displayed a polygonal shape with a cobblestone
appearance, as well as in some spreading, separating, detaching and
migrating cells, and some of those that had acquired mesenchymal
characteristics (Fig. 6B). Similar to phospho-p50, but less intense,
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the nuclear and cytoplasmic staining for phospho-p65 was also seen
in most cells of the monolayer and in some spreading, detaching
and migrating cells (Fig. 6B). High magnification showed that
phospho-p50 and phospho-p65, had a nuclear distribution very
similar to that observed in cultures maintained for 1-2 hr (Fig. 6B).
The immunoreactivity observed in some of these cultures for IKKo
was more intense as compared to IkBo. Both immunoreactivities
were detected in the cytoplasm of many separating, detaching and
migrating cells as well as in the nucleus of some of them (Fig. 6B).

At this time, the expression of phospho-p50 or -p65 and o-SM
actin was also examined in some of these cultures using double
immunoperoxidase staining. This technique revealed that some of
the cells that had acquired mesenchymal characteristics, displayed
immunoreactivity for both phospho-p50 or -p65 and a-SM actin
(Fig. 7).

In conclusion, these observations give support in the importance
of the role of the activated NFkB not only during endothelial cell
spreading, detachment, and migration, but also during the transfor-
mation into mesenchymal or SM-like cells.

Effects of aspirin on embryonic endothelial cells. Based on the
fact that aspirin, at concentrations of 5-10 mM, inhibits the migra-
tion and the activation and translocation of NFxB in normal and

cancer cells,28:29

we decided to investigate whether it affects the
migration and the NFxB activation and translocation in embryonic
endothelial cells. For this, monolayers, after removal of the explants
were pretreated for two hrs with SEM or SFM containing aspirin
(5-7.5 mM) and then stimulated for 24 hrs with complete medium
or complete medium containing aspirin (5-7.5 mM). Both control
and aspirin-treated cells were then analyzed for cell migration and
expression of both p50 and p65 subunits. Compared with complete
medium-treated cultures, aspirin-treated monolayers showed, after
24 hrs of stimulation, a decreased cell migration where some cells
appeared to be overlapped with their neighbors (Fig. 8A). In this
condition, immunoperoxidase staining showed that a decreased
number of cells of the monolayer displayed nuclear staining
for phospho-p50 and phospho-p65 as compared to stimulated
control-cultures (Fig. 8B). Significant differences of nuclear staining
of p50 and p65 were observed between control-cultures and aspi-
rin-treated cultures when the percentage of cells displaying nuclear
staining was determined (p < .005, % test; Fig. 8C).

To determine whether the observed decreased migration by
aspirin was caused by cytotoxicity, cell viability was evaluated using
both ethidium bromide and acridine orange. As shown in Figure 8D,
very few cells fluorescing with ethidium bromide (dead cells, orange
nucleus) were observed when monolayer cells were pretreated for two
hrs with aspirin 7.5 mM and stimulated for 24 hrs with complete
medium containing aspirin 7.5 mM.

For the purpose of demonstrating that the in vitro effects of
aspirin upon stimulated monolayer of endothelial cells are related
with the diminishing cell migration rather than the inhibition of
NF-kB activation and translocation, some monolayers were migra-
tion restrained by scratching their borders and stimulated with
complete medium for 24 hrs. As controls, other monolayers were not
restrained but stimulated with either complete medium or complete
medium containing aspirin, or nonstimulated (that is, arrested in
SEM). Under these conditions, the expression of both phospho-p50
and phospho-p65 was examined by immunoperoxidase staining.
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Figure 6. Scanning electron micrograph of an
aortic explant showing the endothelial cells
(e) oriented in the same direction of blood
flow. Immunolocalization of phospho-p50,
phospho-p65, IkBo and IKKa: in monolayers
of mechanically injured endothelial cells.
At two hrs after stimulation (A), a strong
nuclear staining for phospho-p50 is detected
in the majority of cells of the monolayer
that display an elongated form and ovoid
nuclei and in many spreading and separat-
ing cells. At high magnification, the staining
encompas the complete nucleus in some cells
(arrows) and partially in others (arrowheads).
For phospho-p65, nuclear staining is less
intense. (B) After 48 hrs, a strong nuclear
staining and conspicuous cyfoplasmic stain-
ing for phospho-p50 is detected in many
cells of the monolayer that now display a
polygonal shape with a cobblestone appear-
ance, and in some spreading, separating,
detaching and migrating cells and some cells
with mesenchymal characteristics. Similar to
phospho-p50, but less intense, a nuclear
and cytoplasmic staining for phospho-p65 is
observed. At high magnification the nuclear
staining distribution for both phospho-p50
and p65 is very similar to that observed at
two hrs. For IkBa and IKKe, immunoreac-
tivities are detected in separating, detaching,
and migrating cells. Scale bars = 25 and
12.5 um.

When the monolayers that had
been restrained were stimulated for 24
hrs with complete medium, no cell
separation, spreading, detachment and
migration was observed and many cells
appeared to be overlapped with their
neighbors (Fig. 8E). As expected, in
monolayers that were not restrained
and pretreated for two hrs with SFM
contain-ing aspirin (5-7.5 mM) and
stimulated with complete medium
containing aspirin and maintained in
culture for 24 hrs, these cellular events
appeared to be decreased, with some
cells overlapped as well. In contrast, cell
spreading, detachment and migration
occurred when monolayers that had not
been restrained were cultured in complete
medium (not shown). Examination by
immunoperoxidase of the monolayers
that had been restrained and cultured
in complete medium as well as of the
aspirin-treated monolayers, revealed
nuclear phospho-p65 and -p50 staining
in less cells as compared with nonre-
strained and stimulated monolayers
(Fig 8E). Significant differences
of nuclear staining of p50 and p65
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Phospho-p65 ’ ;

Figure 7. Double immunolocalization of phospho-p50, phospho-pé5 and
0-SM actin during EndoMT after stimulation for 48 hrs complete medium.
Nuclear immunoreactivity for phospho-p50 or phospho-pé5 (brown) is
observed in some separating, detaching and migrating cells and those cells
that also display cytoplasmic immunoreactivity for a-SM actin (red) (arrows).
Scale bar = 12.5 um.

were observed between nonrestrained and restrained monolayers
(p < .005, %2 test; Fig. 8F), and nonrestrained and aspirin-treated
monolayers (p < .005, x? test; Fig. 8F) when the percentage of
cells displaying nuclear staining was determined. Interestingly,
in the SFM condition in which neither detaching nor migrating
cells were observed (Fig. 8E), a strong nuclear phospho-p65
and -p50 staining was detected in a significant number of cells
(Fig. 8E). This nuclear localization, in this particular condition,
would be associated to the activation of anti-apoptotic Bcl2 family
members to protect cells from the apoptosis induced by serum depri-
vation.??

In vitro tubulin and cytoplasmic dynein immunolocalization.
In this study, we have demonstrated the activation and translocation
in vitro of NFkB, a nuclear factor known to be inhibited by IkBo.
It is also known that the stability of this NFkB activation inhibitor
depends on its physical interaction with tubulin®! and cytoplasmic
dynein®? which on their turn may also interact between themselves.
Interestingly, alterations in these interactions have been associated
with NFkB activation by tubulin depolymerization and IxkBo degra-
dation.3133 We therefore investigated if the interactions between
tubulin and cytoplasmic dynein are affected when cell separation,
detachment and migration occur; that is, when NFkB activation and
translocation takes place.

Double immunofluorescence analyzed by confocal microscopy
determined that under these culture conditions, in which separating,
detaching and migrating cells are observed, some cells displayed
immunoreactivity for both vWf and 0-SM actin (Fig. 9A) and the
localization of tubulin and dynein appeared to be altered. Specifically,
both proteins in addition to being located at the plasma membrane
of endothelial cells which displayed a cobblestone appearance, were
also located in a punctate and linear arrays at the leading edge as well
as in the periphery and in the filopodia extended between neigh-
boring cells that were separating, detaching, and migrating towards
cell-free areas (Fig. 9B).
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In vivo and in vitro MMP-2, MMP-9 and MMP-14 expression
and immunolocalization. As the activation and translocation of
NFkB has been correlated with the expression and activation of some
MMPs in endothelial cells,2® we also evaluated the expression and
localization of MMP-2 and MMP-9 by immunoperoxidase staining
at days E7, E14 and E21 of development. Since MT1-MMP is
considered as a membrane-spanning MMP able to activate MMP-2
and that expression of this cell surface protein also correlates with
translocation of NFkB,3* we further studied the expression and
localization of MMP-14.

At day E7, a moderate immunoreactivity for MMP-2 and
MMP-9 was detected in the endothelium, condensed mesenchyme
and cellular layers (Fig. 10A). In contrast, a less intense and more
restricted immunoreactivity for MT1-MMP was observed at this
stage (Fig. 10A). At days E14 and E21, the immunoreactivities for
these MMPs appeared to be increased (Fig. 10A).

To corroborate MMP-2 and MMP-9 presence in the aortic wall,
we examined aorta extracts from day E7, E14 and E21 by Western
blotting. In aorta extracts at days E7, E14 and E21, anti-MMP-2
detected a band with a Mr of 72 kDa corresponding to pro-MMP-2
being more intense at days E14 and E21 (Fig. 10B). Of interest, in
extracts at days E14 and E21, the same antibody detected another
intense band with a Mr of 66 kDa corresponding to the active form
of MMP-2 (Fig. 10B). These observations suggest that the active
form of MMP-2 is decreased or absent at day E7 of development.
In contrast, anti-MMP-9 detected a faint band at day E7 and a
moderate band at days E14 and E21, these bands with a Mr of 92
kDa, corresponding to the monomeric form of MMP-9 (Fig. 10B).

Based on our findings in vivo, we also investigated whether
MMP-2, -9 and MT1-MMP were present in monolayers of stimu-
lated endothelial cells when they were maintained in culture for
48 hrs. At this time, when separating, detaching, and migrating cells
are observed, we attained a strong cytoplasmic immunoreactivity
for MMP-2 and MMP-9 in most of the separating, detaching,
and migrating cells as well as in many of endothelial cells of the
monolayer (Fig. 10C). Less intense cytoplasmic staining for MT1-
MMP was seen in the monolayer as well as in the migrating cells
(Fig. 10C).

No immunolabelling was observed when a nonimmune serum
was used as negative control (not shown).

Discussion

The current study demonstrates for the first time the presence of
activated NFkB during the remodeling of the embryonic aortic wall
and the formation of intimal thickening. Our study also provides
evidence that allows us to suggest a possible role for this transcription
factor in the EndoMT process.

With the use of specific antibodies that recognize p50, p105 and
p65-NFxB subunits in the cytoplasm as well as in the nucleus, and
others that recognize IxkBa. and IKKol, we not only demonstrated
in vivo the presence and activity of these proteins but also that they
change as the vessel maturation progresses. Nuclear p65 or p50
immunoreactivity is considered as an indicator that NFkB has been
activated and that the p50/65 or p50/p50 dimers have been formed,
whereas p65 or p50 cytoplasmic immunolocalization is thought to
correspond to either the inactive p50/p65 form which is complexed
with the inhibitory protein IkBoi, or to the inactive p50 form
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Figure 8. (Page 24) Effects of aspirin on monolayers of endothelial cells (A-F). (A) Phase-contrast micrographs of the monolayers pretreated for
two hrs with SFM containing aspirin (7.5 mM) and stimulated for 24 hrs with complete medium (control) using DMSO as a vehicle or complete medium
containing aspirin (7.5 mM). Monolayers are shown at O, 15 and 22 hrs. Note that in aspirin condition, endothelial cell migration appears decreased and
some cells overlap with their neighbors. Scale bar = 150 um. (B) Immunoperoxidase revealed that in aspirin (5 mM) condition a decreased number of cells of
the monolayer displayed nuclear staining for phospho-p50 and -p6é5, compared with control cultures. Scale bar = 30 um. (C) Percentage of cells displaying
nuclear staining for phospho-p50 and phospho-pé5 in monolayers stimulated for 24 hrs with complete medium (control cultures, C) and complete medium
containing aspirin 5 mM (Asp). Significant differences of nuclear staining of p50 and p65 were observed between C and Asp conditions (p < .005, 2 test).
(D) Cell viability examination using ethidium bromide and acridine orange showed very few cells labeled with ethidium bromide (dead cells, orange nucleus).
(E) Monolayers restrained by scratching and not restrained and maintained for 24 hrs in complete medium and SFM respectively, using DMSO as a vehicle.
Note that in the restrained, no cell migration is observed and the number of cells displaying nuclear staining appears decreased. Also note that, in the same
monolayers, some of the remaining nonrestrained areas (arrows) show cells that appear separating and migrating and displaying nuclear staining, whereas
in the nonrestrained and maintained in SFM, not migrating cells are observed and a significant number of immunoreactive cells is detected. (F) Percentage
of cells displaying nuclear staining for phospho-p50 and -p65 in monolayers that were migration restrained (R) and non restrained (NR) and stimulated for
24 hrs with complete medium and monolayers that were not restrained and stimulated with complete medium containing aspirin 7.5 mM (Asp). Significant
differences of nuclear staining of p50 and pé5 were observed between NR and R (p < .005, %2 test), and NR and Asp (p < .005, 2 test).

in the intimal thickening and medial

a- SM actin merged

A vWI

cells has been described in human
atherosclerotic lesions, whereas little
or no nuclear localization of these
NF«B subunits is observed in healthy
vessels.2225 Other studies in athero-
sclerotic lesions related to p50/p65
have suggested that homodimers of
p50 may have opposite role to that
of p50/p65 operating as repressors of
the transcriptional activity.?> All these
studies suggest an important contri-
bution for NFkB in the initiation
of atherosclerosis by regulation of

B tubulin

different genes that are involved in
inflammatory process.

The importance of the role of p50
and p65 subunits and IKKo during
the EndoMT process
itself when double
ling revealed that both subunits were
present at the nucleus of some the cells

manifests
immunolabel-

expressing 0.-SM actin constituting the

. ) . . . ) o intimal thickening and some cells of
Figure 9. CLSM fluorescence images of vWf, a-SM actin, tubulin and cytoplasmic dynein localization

during EndoMT in vitro after 48 hrs in culture in complete medium. (A) Strong immunoreactivity for VW (red)
in punctated and granular pattern typical of endothelial cells and for 0-SM actin (green) delineating cellular
margin are observed. Double immunofluorescence of the same region shows some of the cells displaying
immunoreactivity for both vWf and a-SM actin (arrows, merged). Scale bar = 25 um. (B) Strong immunore-
activity for both tubulin (red) and dynein (green) at the plasma membrane of the endothelial cells that display
a cobblestone appearance (arrowhead) as well as in the periphery and the leading edge and filopodia
(arrows) of separating, detaching and migrating cells is observed. Colocalization of both proteins is defected
by the yellow fluorescence generated after simultaneous excitation in both fluorescein (green) and rhodamine

the lamellar layers, while IKKo was
colocalizing with &-SM actin in the
cytoplasm of some of these cells. In
relation to the EndoMT process, our
previous studies have emphasized the
possible correlation between the events
observed in this process and certain

(red) wavelengths. Scale bar = 20 um.

complexed with its precursor, p105. In support of these find-
ings, our Western blot analysis of cytoplasmic and nuclear extracts
revealed the presence of both the inactivated and activated forms
of NFxB, suggesting that heterodimeric and homodimeric forms of
NFxB, particularly p50/p65 and p50/p50, may be expressed when
the remodeling of the aortic wall and intimal thickening forma-
tion occur. The presence of these forms of NFkB is congruent with
studies related to neointima formation suggesting that this trans-
criptional factor is involved in the development of atheroscle-
rosis. Of significance, in vivo nuclear localization of p65 and p50
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hemodynamic forces which in form

of shear and pressure stretch generate
a range of electrophysiological, biochemical, and gene regulatory
responses, some of them being extremely rapid.!3!4 Therefore, the
changes observed in vivo in p50, p65, IkBa., and IKKa. expression
would be related to blood pressure alterations that occur during
chicken embryo development.3® Nonetheless, we cannot exclude the
possibility that mechanical forces affecting the myocardial function
during early cardiogenesis, might also contribute to these changes;
moreover, considering that mechanical perturbation may regulate
NFxB activation and translocation and therefore the gene expression

modulation.37-38
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Figure 10. (A) Immunlocalization of MMP-2, MMP-9 and MTI-MMP in serial
paraffin cross-sections of chicken embryo aorta at days E7 and E14 at day
7, a moderate immunoreactivity for MMP-2 and MMP-9 is detected in the
endothelium (e), condensed mesenchyme (cm) and lamellar cell layers (Ic). Less
infense and more restricted immunoreactivity for MTT-MMP is observed. At
day 14, an increased immuoreactivity for MMP-2, MMP-9 and MT1-MMP is
detected in the endothelium and mesenchymal cells (arrows). L, lumen; it, intimal
thickening. Scale bars = 100 and 50 um. (B) Western blot analysis for MMP-2
and MMP-9 in aorta extracts from days E7, E14 and E21. Extracts (50 pg of
total protein) were separated by 10% SDS-PAGE under reducing conditions
and immunoblotted with polyclonal antibodies against MMP-2 and MMP-9.
(C) Immunolocalization of MMP-2, MMP-9 and MT1-MMP in monolayers
of endothelial cells. Strong cytoplasmic reactivity for MMP-2 and MMP-9 s
observed in many of the endothelial cells of the monolayer and in most of the
separating, defaching, and migrating cells. Less intense staining for MT1-MMP
is detected. Scale bar = 25 um.

In view of the above assertions and as the activation of NFxB
depends on the type and intensity of the stimulus and that activation
proceeds rapidly, we also investigated the presence of the activated
forms of p50 and p65-subunits in monolayer of endothelial cells
that had been mechanically altered during the explant removal and
stimulated for 1-2 hr with complete medium. Using antibodies
that specifically recognize the activated form of p50 and p65, we
demonstrated total or partial nuclear staining in the majority of
the endothelial cells of the monolayer that displayed an elongated
form and ovoid nuclei as well as in many of the cells that appeared
spreading and separating. These observations suggest that under the
conditions assessed the NFkB activation and translocation seems to
occur. Evidence of activated NFkB have been provided by others,
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when endothelial cells were subjected to hemodynamic forces that
mimic or closely reflect the mechanical environment to which
endothelial cells are exposed in vivo.1517 Also, elevated nuclear
translocation of NFxB has been demonstrated in aortic endothe-
lial cells of regions prone for the development of atherosclerotic
lesions.24

To gain an insight into the possible role of activated NFxB
in the EndoMT process, the presence of the activated form of
p50 and p65-subunits as well as the IkBa and IKKo expression
were examined in some monolayers that were stimulated for
48 hrs with complete medium, because it is as of this time and
under these conditions that cell migration and transformation
occur.®® Immunolocalization evidenced not only the presence of
activated p50 and p65-subunits in some spreading, separating,
detaching and migrating cells and some of those that had acquired
mesenchymal characteristics, but also in those cells that expressed
0-SM actin (as demonstrated by double immunoperoxidase).
Immunolabelling also revealed that IKKol was located in sepa-
rating, detaching and migrating cells, implying its activation and
participation in the translocation of the active dimers of NF«B,
as it has been described. Of note, IKKat activation followed by
IxBot degradation and NFxB translocation has been described
in endothelial cells exposed to shear stress, suggesting that this
process is at least mediated by integrins such as o 35 integrin. 4
To this respect, the presence of o B and o B5 integrins in vivo in
the intimal thickening and in vitro in separating, detaching and
migrating cells has been reported by Arciniegas et al.,> suggesting
a key role for these molecules during the EndoMT process.
Consistent with these findings, our observations support impor-

tance of the role for the activated NFxB during the EndoMT
process, where IGFII fulfil a critical function, as we have recently
demonstrated.? It is noteworthy that the presence of high levels
of IGFII in the plasma®! as well as in the spontaneous intimal
thickening,® have been demonstrated during chicken embryo
development. These findings are interesting if we consider that
from day E3 to day E10 of development, the arterial pressure
rises rapid and exponentially and that the cardiac function may
be altered?® and that it is in those stages where changes in the
expression and activation of p65 and p50-subunits were observed.
In this context, recent in vitro studies related to myogenesis have
shown the expression of p65 and IkB induced by IGFII during

the skeletal muscle cell differentiation.42 Of note, [KBot degrada-

tion might be required for NFxB activation by IGFII in human

keratinocytes cultures.*> Thus, it results tempting to speculate that
mechanical forces could generate biochemical responses, including
releasing of IGFII from the SMCs and/or endothelium, which in
turn could promote NFxB expression and activation that would
be accompanied by the modulation of specific genes to control not
only the organization and functionallity of the SMCs, but also the
eventual transformation of the endothelial cells.

In this study, we also established that aspirin affects the migration
and eventually the NFxB activation and translocation in monolayer
of stimulated endothelial cells, and that this inhibitory effect of
aspirin on NFKB activation and translocation is secondary to the
diminishing cell separation, detachment and migration, considering
that a decreased expression and activation of this transcription
factor was also observed in monolayers that had been migration
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restrained and cultured in the absence of aspirin. These asser-
tions indicate that cell separation, cell detachment and migration,
important steps for the EndoMT, may be accompanied by NF«B
activation and translocation. Evidence of an essential role for
NFxB in epithelial-mesenchymal transition during the breast cancer
progression has been provided by Huber et al.44 Interestingly, most
recent reports have indicated that B-catenin can form a complex
with NFxB, inhibiting its activity and that the loss of E-cadherin
and cytoplasmic B-catenin leads to upregulation of NFkB activity
in epithelial cells.“>4¢ Similarly, another recent study demonstrated
that overexpression of the p65 subunit in epithelial cells results in
the loss of E-cadherin and desmoplakin, suggesting that activa-
tion of NFKB in nontransformed mammary epithelial cells leads
to conversion into a mesenchymal phenotype characterized by
vimentin expression.#” Recently, we have shown that both IGFII
and vitronectin may induce endothelial cell separation, detachment
and migration involving relocation of VE-cadherin and B-catenin in
vivo and in vitro, suggesting a fundamental role for these molecules
during the EndoMT process.?” Based on these asseverations and on
the results derived from this study, we propose that stimulation of
endothelial cells may lead to the loss of cell-cell contacts by removal
of VE-cadherin and redistribution of B-catenin and to the activation
and translocation of NFxB, and subsequent transformation into
mesenchymal cells and regulation of oi-SM actin expression.

In this study, we also found alterations in tubulin and cytoplasmic
dynein distribution when monolayers of endothelial cells were stimu-
lated with complete medium. We suggest that the activation of NFkB
would be associated with these alterations considering that the degra-
dation of IkBa., important step for the activation of NFxB, seems
to occur during depolymerization of tubulin to which IxBa, via
dynein, is anchored?!-33 and that dynein also localizes with B-catenin
at sites of cell-cell contact and filopodial extensions contributing with
the organization of microtubules at adherents junctions.*® Therefore,
a connection between tubulin dynein, B-catenin and NFkB during
EndoMT is proposed.

In addition to these findings, we also demonstrated in vivo
the expression of both active and pro- MMP-2, pro-MMP-9 and
MTI-MMP in those stages of development where the intimal
thickening is clearly evident; that is, at days E14 and E21. These
findings are interesting if we consider that in vivo altered expression
of MMP-2, MMP-9 and MT1-MMP have been described in human
and rat aortic remodeling and intimal thickening formation during
aging®® and that it is precisely in these stages where we detected
the activated form of NFxB. In accordance with these findings,
our results in vitro established that these MMPs were located in
separating, detaching and migrating cells, suggesting an important
role for these molecules during the transformation of the endothelial
cells. In this context, recent studies have suggested that exposure of
epithelial cells to specific MMPs results in cleavage of E-cadherin
and redistribution of B-catenin facilitating cell separation, detach-
ment and invasion.’” These regulated steps are consistently observed
during the epithelial-mesnchymal transition.’® As mentioned, the
loss of VE-cadherin and redistribution of B-catenin may result in
the activation of NF-kB and subsequent expression of 0.-SM actin.
Thus, it is possible to assume that a link exists between the activa-
tion of NF-kB and the expression of some MMPs. This is important
because the modulation of the expression of MMP-2 and -9 by
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activated NFkB have been demonstrated in endothelial cells exposed
to shear stress?® and in melanoma cells treated with osteopontin.*
Moreover, an important link between the activated NFxB and the
expression of both MMP-2 and -9 has also been proposed during
the progression of carcinoma oral in vivo, suggesting a regulatory role
for this transcription factor upon activation of these MMPs.>! Thus,
our in vivo as well as in vitro data are compatible with the hypothesis
that the production of MMP-2, -9 and MT1-MMP production and
activation in stimulated endothelial cells requires the activation of
NFxB .

Consistent with our observations and the studies mentioned here,
we hypothesize that stimulation of endothelial cells (by mechanical
injury, shear stress, growth factors, cytokines) may cause alterations
in the cell-cell contacts and cytoskeleton leading to a rapid activation
and translocation of NFkB. Active NFxB may aid in the modula-
tion of the expression of some MMPs, and cell transformation by
inducing gene expression (0.-SM actin).

Material and Methods

Tissue extraction. Fertilized chicken eggs (White leghorn) were
obtained from a local hatchery (Granja Avicola Agropollito C.A.,
Paracotos, Estado Miranda) and incubated at 37°C and 60%
humidity. The aortae were dissected from 7-, 12-, 14- and 21-day-old
embryos (stages 31, 38, 40 and 46 of development, respectively).
Embryos were staged according to Hamburger and Hamilton.?” The
excised aortae were placed in Hank’s balanced salt solution (HBSS)
(GIBCO, Invitrogen, Carlsbad, CA), and fixed for 20 min at room
temperature with 4% formaldehyde prepared from paraformalde-
hyde in phosphate-buffered saline (PBS). Figure 1 shows the studied
region. The aortae were dehydrated in graded ethanol and embeded
in paraffin. Paraffin sections (5um thick) were mounted on silanized
slides (Dako North America, Inc., Carpinteria, CA). A total of six
aortae for each stage obtained from three different lots of fertilized
chicken eggs, were processed.

Immunoperoxidase. Immunoperoxidase staining was performed
in paraffin sections as described previously'# using the following
antibodies: a rabbit polyclonal antibody anti-p65 raised against a
peptide mapping within the N-terminus of NFxB p65 of human
origin, a rabbit polyclonal antibody anti-p50 raised against a
peptide mapping within the nuclear localization sequence (NLS)
region of NFkB p50 of human origin, a mouse monoclonal
antibody anti-IkBo raised against amino acids 1-317 representing
full length IxBor of human origin, a rabbit polyclonal antibody
anti-IKKot raised against amino acids 1-745 representing full
length IKKot of human origin, a rabbit polyclonal anti-phospho-p65
(Ser 536) raised against a short amino acid sequence containing
phosphorylated Ser 536 of NFkB p65 of human origin and a rabbit
polyclonal antibody anti-phospho-p50 (Ser 337) raised against a
short amino acid sequence containing Ser 337 of NFxB p50 of
human origin (Santa Cruz Biotechnology Inc., Santa Cruz, CA),
a mouse ascites fluid monoclonal antibody anti-0--SM actin (clone
1A4) (Sigma-Aldrich, Saint Louis, MO), a goat polyclonal anti-
body anti-human MMP-2, a goat polyclonal antibody anti-human
MMP-9 and a goat polyclonal antibody anti-MT1-MMP (Santa
Cruz Biotechnology Inc.). For double antibody staining for o.-SM
actin and p65, p50 or IKKa, the EnVision G/2 Doublestain System
(Dako) was used.
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Western blot analysis. For Western blot analysis aortae from
days E7 and E14 (stages 31 and 38) were pooled and homog-
enized in buffer Tris-HCI 10 mM, pH: 7.2, NaCl 150 mM, EDTA
1 mM, phenylmethylsulfonylfluoride 0.5 mM, sodium orthovana-
date 10 mM, sodium fluoride 10 mM, nonidet P-40 (NP-40) 0.1%,
and protease inhibitor cocktail (Sigma-Aldrich). Homogenates
were centrifuged at 13,000 rpm for 10 min, and supernatants were
collected (cytoplasmic extracts). The resulting pellets were rinsed
with the above buffer without NP-40 and incubated for 30min
on ice. The nuclear suspension were centrifuged at 13,000 rpm for
10 min. The resulting supernatant (nuclear extracts) were collected.
The total protein concentration of cytoplasmic and nuclear extracts
were determined by a BCA assay (Pierce Biotechnology Co, Rockford,
IL). Protein (13 pg) of both extracts were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions and immunoblotted with polyclonal
antibodies against p65, p50, phospho-p65 and phospho-p50 (Santa
Cruz Biotechnology Inc.).

For MMP-2 and MMP-9 detection, aorta extracts from days
E7, E14 and E21 were used. Extracts (50 Lg of total proteins) were
separated by 10% SDS-PAGE under reducing conditions and immu-
noblotted with polyclonal antibodies against MMP-2 and MMP-9
(Santa Cruz Biotechnology Inc.).

Cell cultures. Aortae from days E11-E12 (stages 37 and 38) were
dissected in HBSS (GIBCO) at 37°C. Segments, approximately
8mm? in surface area, were isolated (distal to the aortic arches)
and opened along longitudinal axis. Explants were rinsed in PBS
without Ca** and Mg* (GIBCO) and placed in medium 199
with Earle’s salts with L-Glutamine (GIBCO) supplemented with
2% chicken serum (ChS) (Sigma-Aldrich), 1% insulin-transferrin-
selenium (ITS) (GIBCO), 100 pg/ml streptomycin, and 100U/ml
penicillin (GIBCO). Aortic explants were placed, with the endothe-
lial side down, on fibronectin-coated 35 mm Petri dishes (Nunclon,
Delta, IL) containing 300 pl of medium 199 supplemented with
2% ChS and 1% ITS. They were incubated at 37°C in a humidified
atmosphere consisting of 5% CO, and 95% air for four hrs. After
this interval, 1 ml of medium supplemented with 2% ChS and 1%
ITS was gently added to each dish. Two hours later, the adhered
explants were removed with the aid of a thin needle, leaving a mono-
layer of retracted endothelial cells that exhibited zones denuded
of cells. These monolayers were rinsed five times with serum-free
medium (SFM) before stimulation with Medium 199 containing
1% ITS or recombinant human IGFII (500 ng/ml) (R&D Systems,
Minneapolis, MN) and 2% ChS, both called complete medium.
Similar effects in terms of cell spreading, separation, detachment, and
migration were observed when ITS or IGFII were added in the pres-
ence of ChS. Cultures were then incubated for periods of 1, 2 and
48 hrs and examined with an inverted microscope (IX-70 Olympus,
Olympus America Inc., Melville, NY). During these periods, images
were captured using an image editing capture and processing soft-
ware program (Image Pro Plus, Media Cybernetic, Silver Spring,
MD). Each set of experiments included at least 20 dishes.

Immunoperoxidase. The dishes were rinsed twice with PBS
(GIBCO) and the cells fixed in 2% formaldehyde, 1% sucrose in
PBS for 20 min. Fixed cells were processed for immunostaining
as described previously'# using anti-phospho-p65 and anti-
phospho-p50 (Santa Cruz Biotechnology Inc.). Negative controls
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were produced by the use of purified normal serum (Sigma-Aldrich)
or PBS in place of primary antibody. The images were captured using
the Image Pro Plus software program. For double antibody staining
for 0-SM actin and p65 or p50, the EnVision G/2 Doublestain
System (Dako) was used.

Effects of aspirin on embryonic endothelial cells. To investigate
whether aspirin affects the migration and the NF-xB activation and
translocation in embryonic endothelial cells, monolayers attached
to fibronectin were pretreated for two hrs with SFM or SFM
containing acetylsalicylic acid (aspirin) (5-7.5 mM) (Sigma-Aldrich),
using DMSO (Sigma-Aldrich) as a vehicle, and then stimulated for
24 hrs with complete medium or complete medium containing
aspirin (5-7.5 mM), also using DMSO as a vehicle. The final concen-
tration of DMSO in the medium was 1/1000 v/v. During this period
the images were captured every three hrs using the Image Pro Plus
software program. Five independent experiments were performed
with consistent results. The dishes were processed for immunos-
taining using anti-phospho-p50 and anti-phospho-p65 (Santa Cruz
Biotechnology Inc.) All cells in the monolayers were counted in each
microscope field (one per dish) and the stained nuclei were scored.
Counting was performed from the images captured using the Image
Pro Plus software program. The percentage of p50 and p65 nuclei
was expressed as the number of positive nuclei per total number of
cells. The %2 test was used to compare the quantitative differences of
p50 and p65 staining between the different experimental conditions.
A p < .005 was considered significant.

To investigate whether the in vitro effects of aspirin were related
with the diminishing cell migration rather than the inhibition of
NF-kB activation and translocation, some monolayers were migra-
tion restrained by scratching their borders with a sterile surgical
scalpel blade (Lance Blades LTD, Sheffield, UK), rinsed five times
with SFM and stimulated for 24 hrs with complete medium in the
absence of aspirin, using DMSO as vehicle. At this time, images
were captured using the Image Pro Plus software program. Two
independent experiments were performed with consistent results.
The percentage of p50 and p65 stained nuclei was determined as
described above.

Cell viability. To determine whether the effects of aspirin were
caused by cytotoxicity, cell viability was evaluated using ethidium
bromide and acridine orange solution (BD Biosciences, ON,
Canada). Live cells green fluorescent (with acridine orange) and
dead cells orange fluorescent (with ethidium bromide) were viewed
and photographed with a camera (Olympus SC35) using an IX-70
Olympus microscope.

Immunofluorescence. Fixed and permeabilized cells were
processed for double antibody staining as described previously!?
using the following antibodies: a rabbit antibody anti-human
vWf (Dako), a mouse monoclonal antibody anti-0-SM actin
(clone 1A4) (Sigma-Aldrich), a mouse ascites monoclonal antibody
anti-chicken dynein (heavy chain), and a rabbit polyclonal antibody
anti-chicken tubulin (Sigma-Aldrich). Cell cultures were exam-
ined with a confocal laser scanning microscope (CLSM) (Eclipse
TE-300 Nikon inverted microscope) (Nikon Instruments Inc.,
Melville, NY) equipped with a Nikon 100/1.30 oil Ph4L immersion
objective coupled to a C1-LU2 unit Neon (543 Mm) and Argon
cooled air (488 Mm) lasers. These laser units were controlled by a
D-eclipse C1 interface.
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