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Abstract 
 
Endothelial cells constantly regulate the balance between contractile and 
tethering forces to control barrier function. It remains uncertain how the small 
GTPase RhoA could drive both the adhesive and contractile forces. Here, 
we aimed to elucidate whether these contractile and adhesive processes are 
associated with distinct RhoA activities at the sub-cellular level.  
Using live fluorescence resonance energy transfer microscopy we identified 
four distinct RhoA localizations that are associated with different aspects of 
the regulation of endothelial monolayer integrity. Increased RhoA activity 
preceded gap closure at the cell margins in a non-stimulated monolayer 
during continuous rapid remodeling of cell-cell adhesion. Thrombin 
increased RhoA activity at membrane ruffles and ring-like structures. 
Unexpectedly, thrombin-mediated RhoA activation did not precede the 
formation of large inter-endothelial gaps, but occurred at the remaining cell 
stretches around the gap sites, prior to separation of the cells. Furthermore, 
increased RhoA activity localized at cytoplasmic F-actin filaments, where 
prolonged RhoA activity coincided with cellular contractility.  
Distinct RhoA activities, both at the plasma membrane and at cytoplasmic F-
actin filaments are associated with different aspects of endothelial monolayer 
integrity modulation. 
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Introduction 
 
Endothelial cells (ECs) form a barrier between the blood and the surrounding 
tissue that actively regulates the exchange of nutrients and proteins between 
these compartments.1,2 During inflammation, exposure to ischemia or 
angiogenic stimuli the endothelial cell-cell interactions become loosened, 
resulting in the generation of intercellular gaps that allow paracellular 
passage of fluids, solutes and proteins.3,4 Though vascular leakage has been 
associated with many diseases,5,6 no causative therapies are available.7  
Endothelial barrier integrity is dependent on the balance between the 
adhesive and contractile forces. Small Rho GTPases, including RhoA, play 
an important role in regulating the adhesive and contractile forces in 
endothelial cells.8,9 RhoA, like other GTPases, is a molecular switch turned 
on upon exchange of GDP for GTP, which may be enhanced by a guanine 
nucleotide exchange factor (rhoGEF). In the GTP-bound form RhoA interacts 
with and activates its target molecules. RhoA returns to an inactive state by 
its slow intrinsic GTPase activity, which can be enhanced by a GTPase 
activating protein (rhoGAP). Guanine dissociation inhibitors (GDIs) slow the 
rate of GDP dissociation, thereby locking RhoA into its inactive state.10  
RhoA is a key modulator of the F-actin cytoskeleton. By its action on the 
actin cytoskeleton, RhoA plays a major role in fundamental processes such 
as cell motility, cell shape and cell contraction.11 Via the activation of Rho 
kinase, one of the best studied targets of RhoA, RhoA mediates the 
phosphorylation of MLC at the F-actin filaments, which leads to stress fiber 
(SF) formation and enhanced acto-myosin interaction.12,13 This increased cell 
contraction promotes junctional remodeling and loss of endothelial barrier 
integrity.  
The cell-cell contacts mainly responsible for the formation of the endothelial 
barrier are the adherens junctions (AJs). They are formed by homotypic 
interactions of the transmembrane protein vascular endothelial (VE)-
cadherin.14 Intracellular, VE-cadherin is connected to the F-actin 
cytoskeleton via both α- and β-catenin.15,16 A third catenin, p120catenin 
(p120ctn), stabilizes the AJ-complex by regulating the activation and 
inactivation of RhoA.17 RhoA inhibition and the interaction of p120ctn with 
cadherins were shown mutually exclusive, suggesting a mechanism for 
regulating the recruitment and exchange of RhoA at nascent cell-cell 
contacts.18,19 This idea is supported by several other studies: In epithelial 
cells, upon Ca2+ repletion, RhoA activity is involved in the formation of the 
new zonula adherens.20 Furthermore, Rho kinase has been shown to play a 
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role in maintaining the endothelial barrier integrity by increasing VE-cadherin 
expression and AJ formation.21  
In ECs activation of RhoA by thrombin or VEGF is accompanied by an 
increase of membrane-associated RhoA and a decrease of cytosolic 
RhoA.22,23 This suggests that RhoA activation occurs at the membrane. 
Under thrombin-stimulated conditions RhoA and Rho kinase activity mediate 
SF formation leading to cell contraction,24 AJ disruption,25 endothelial 
permeability26 and β-catenin-mediated gene transcription.27 It still remains to 
be investigated, whether thrombin-mediated RhoA activation indeed occurs 
at the membrane, whether this is the only sub-cellular localization of RhoA 
activation and whether RhoA activation directly causes the AJ disruption and 
inter-endothelial gap formation. 
The sub-cellular localization of RhoA activity can be studied by fluorescence 
resonance energy transfer (FRET) probes such as developed by Yoshizaki 
et al.28 The FRET probes these investigators developed for Ras and Rho 
GTPases were collectively called “Ras and interacting protein chimeric unit” 
(Raichu). Using Raichu-RhoA/RhoA-CT, which is hereafter called Raichu-
RhoA it was shown in sparse HeLa cells that RhoA activation indeed 
occurred at the plasma membrane.29 In addition, RhoA activity occurred at 
the cleavage furrow, suggesting a role for RhoA in the separation of cells.30 
Furthermore, in sparse mouse aortic ECs RhoA activation was located at the 
leading front the cells, showing that RhoA is involved in endothelial cell 
polarization.31 In confluent ECs the sub-cellular localization of RhoA 
activation and its role in endothelial monolayer integrity has not yet been 
investigated.  
The aim of our present study was to elucidate how the different sub-cellular 
localizations of RhoA activation are associated with the regulation of 
endothelial monolayer integrity. We hypothesized that in confluent ECs 
RhoA is involved in maintaining the endothelial barrier integrity and that upon 
thrombin stimulation RhoA activation at the membrane causes AJ disruption 
and inter-endothelial gap formation. 

 
Methods 

 
Sources of reagents and detailed description of the methods can be found in 
the expanded Materials and Methods section in the supplemental data (CD 
chapter 5). Human umbilical vein endothelial cells (HUVECs) were cultured 
as previously described32 and transfected with the probes Raichu-RhoA, 
Raichu-RBD-X or Raichu-RhoA/Kras-CT (a kind gift of Prof. M. Matsuda, 
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Osaka University, Japan) using the Amaxa technology. Three channel FRET 
microscopy was performed with a Zeiss Axiovert 200 MarianasTM inverted 
microscope under the control of Slidebook software. Briefly, RhoA activity 
was followed for 15 minutes with interval times of 30 seconds. The time point 
of thrombin stimulation (1 U/ml) is indicated per experiment. All data 
presented are representative for 3-5 independent experiments. 

 
Results 
 
Localization of Raichu-RhoA in HUVECs. 
 
We first determined the sub-cellular distribution of Raichu-RhoA. HUVECs 
were transfected with the Raichu-RhoA probe and seeded to confluence. 
Subsequently, Raichu-RhoA transfected cells, under both basal and 
thrombin-stimulated conditions, were fixated and counterstained with 
rhodamine-phalloidin, after which 3D-fluorescence-microscopy was 
performed. Figure 1 shows for thrombin-stimulated cells that Raichu-RhoA 
(green) is distributed rather homogenously throughout the cell, with some 
accumulation around the nucleus (blue) and at the cell margins (arrows). 
Deconvolution and enlargement of specific areas (white boxes in Fig. 1) 
revealed various co-localizations of Raichu-RhoA and the actin cytoskeleton 
(red). Box 1 shows co-localization of Raichu-RhoA with the stress fibers, 
while box 2 shows that Raichu-RhoA also co-localized with the thinner and 
more complex actin network in the cytoplasm. In conclusion, Raichu-RhoA 
localizes at the junctional areas and co-localizes with (contractile) F-actin 
filaments allowing imaging of RhoA activity in these areas. 
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Figure 1: Raichu-RhoA localization in fixated HUVECs. 
 

 
 
Raichu-RhoA transfected HUVECs grown on Delta T dishes were fixated and counterstained for 
F-actin (red) and the nuclei (blue) after thrombin activation. For acquisition of Raichu-RhoA the 
YFP-channel was used. The arrows indicate Raichu-RhoA (green) at the cell margins. 
Enlargement of box 1 and 2 after deconvolution shows co-localization of Raichu-RhoA with the 
F-actin SFs (1) and with the thinner and more complex F-actin network in the cytoplasm (2). 
 
Thrombin transiently increases RhoA activity at the cell margins.  
 
To visualize RhoA activation live cell FRET imaging was performed with 
Raichu-RhoA transfected HUVECs. As shown in the supplemental Figure I 
(CD chapter 5), Raichu-RhoA contains truncated RhoA as well as an 
authentic RhoA CAAX-box located between the fluorogenic groups YFP and 
CFP. Activation of RhoA results in a FRET signal, enabling monitoring the 
balance between rhoGEF and rhoGAP activities at the sub-cellular level and 
thus serving as a surrogate marker for RhoA activation. During three-
channel FRET analysis RhoA activity was determined as the calculated 
FRET intensity corrected for the amount of probe present (FRETc/A). Under 
control conditions RhoA was spread quite homogenously over the cell, with 
some peri-nuclear accumulation. Membrane ruffles showed highly increased 
RhoA activity, whereas at the cell-cell contact sites RhoA activity was clearly 
low (movie 1, CD chapter 5).  
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The hyper-permeability inducer thrombin caused cell contraction, shown in 
Fig. 2A over an 11-minutes period (shift of cell outline indicated in right 
panel). Thrombin increased FRETc/A intensity at the cell margins, as 
indicated by the arrowheads (Fig. 2A middle panel and movie 2 (CD 
chapter 5)). These FRETc/A intensity changes were essentially absent when 
cells were pre-incubated with the RhoA inhibitor C3-transferase prior to 
thrombin stimulation (supplemental Figure II and movie 3, CD chapter 5), 
indicating that the thrombin-induced FRETc/A intensity changes indeed 
represent changes in RhoA activity.  
To verify that thrombin also mediates endogenous RhoA activation at the cell 
margins, ECs were also transfected with Raichu-RBD-X, which lacks the 
RhoA-fragment between the two fluorophores, and therefore is useful to 
visualize the activation of endogenous RhoA.33 However, Raichu-RBD-X is 
an “inverse” FRET probe (supplemental Figure I, CD chapter 5). It presents 
with increased FRET intensity when endogenous RhoA is inactive, meaning 
that RhoA activation is seen as a decrease in FRET intensity. Raichu-RBD-X 
thus gives a relatively bad signal-to-noise ratio as compared to Raichu-
RhoA.34 Movie 4 (CD chapter 5) shows that upon thrombin activation of the 
cells endogenous RhoA is indeed activated (blue) at the cell margins (best 
seen as loss of red).  
In order to distinguish between changes in RhoA activity at the cell margins 
and in the cell body (cytosol), we quantified the FRETc/A intensity in several 
regions in the Raichu-Rho transfected ECs. Under basal as well as 
thrombin-stimulated conditions RhoA activity at the cell margins, which have 
a high membrane content, is higher than in the cytosol (Fig. 2B). Thrombin-
mediated RhoA activity at the cell margins occurred rapidly (≤30 sec) and 
transiently. The graph in figure 2B shows that many marginal areas, that also 
displayed lamellipodia- or fin-like protrusions, show a short but clear 
increase in RhoA activity shortly after thrombin stimulation. At the individual 
locations RhoA activity lasted about 1 minute. Overall, the thrombin-
mediated RhoA activation at the cell margins lasted 4 to 5 minutes. 
Thus, in isolated endothelial cells thrombin caused a transient RhoA 
activation at the cell margins, while the mean RhoA activity in the cytosol 
remained unchanged or even tended to decrease slightly (Fig. 2B).  

 106 



Dynamics of endothelial RhoA activity 

 
Figure 2: Thrombin-enhanced RhoA activity at the cell margins. 
 

 
 
Raichu-RhoA transfected HUVECs were grown on Delta T dishes. During time-lapse imaging 
with an interval time of 30 seconds the cells were stimulated with thrombin at t=3 min. For 
localization of Raichu-RhoA see movie 2a. Three channel corrected FRET analysis was 
normalised for the acceptor concentration. A) RhoA activity is displayed as a pseudo-colour 
thermal map corresponding to the scale shown in the right upper corner. Red corresponds to 
high RhoA activity and blue to low RhoA activity (see also movie 2). Images of RhoA activity are 
shown just prior to thrombin stimulation (left panel), 1½ minute after stimulation (middle panel) 
and 11 minutes after stimulation (right panel). The arrows indicate the increased RhoA activity 
at the cell margins. The outline of the cell in the right panel indicates the extent of the cell 
contraction. B) Quantity-time analysis of thrombin enhanced RhoA activity. RhoA activity was 
quantified in individual regions at the cell margins (dark green lines) and in the cytosol (light 
green lines). Note that thrombin-mediated RhoA activity increased only in the regions near the 
cell margins. 

 
RhoA and inter-endothelial gap formation. 
 
An important question is whether RhoA is involved in the formation of gaps 
between adjacent cells. We thus examined the role of RhoA in the formation 
of inter-endothelial gaps in a HUVEC monolayer. Under control conditions 
occasionally the rapid appearance and disappearance of a tiny gap between 
adjacent ECs was observed (supplemental Figure III upper panel and 
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movie5a, CD chapter 5). RhoA activity decreased in advance of the 
formation of such a gap, while a short transient increase in Rho activity was 
visible prior to the closure of the gap (see supplemental Figure III and 
movie 5b & 6 for details, CD chapter 5).  
After thrombin stimulation much larger gaps are formed in the monolayer, 
which may exist for more than 1 hour. To test whether thrombin-mediated 
RhoA activation near the cell margins is involved in the formation of these 
larger gaps, we searched for increased FRETc/A intensity at places where 
gaps appeared after thrombin stimulation. In line with the control conditions, 
no increased RhoA activity was detected at such places prior to gap 
formation (Fig. 3A bottom left panel). These data were verified using Raichu-
RhoA/KRas-CT. This is essentially the same construct as Raichu-RhoA, but 
this probe is located preferentially at the plasma membrane due to the 
carboxy terminal region of K-Ras4B instead of the RhoA tail. This selective 
location improves the signal-to-noise ratio at the plasma membrane.35 
Careful examination of thrombin-activated ECs (at t=2½ min) transfected 
with this probe confirmed that no RhoA activity was found prior to the 
formation of inter-endothelial gaps (movie7, CD chapter 5).  
Since Raichu-RhoA/KRas-CT does not reflect all the sub-cellular 
localizations of endogenous RhoA, we returned to Raichu-RhoA transfected 
HUVECs. Interestingly, during the contraction of the cells, RhoA activity was 
observed at the remaining finger-like bridges next to the inter-endothelial 
gaps (Fig. 3A arrow, and movie8 (CD chapter 5). After fixation and actin 
counterstaining of thrombin-stimulated ECs co-localization of Raichu-RhoA 
and actin was observed at these finger-like bridges between the ECs 
(Fig. 3B).  
These data show distinct roles for RhoA activity at the inter-endothelial gap 
sites. Under control conditions, around the spontaneous, small and transient 
gaps RhoA activity slightly decreased before gap formation and 
subsequently increased above the original level before gap closure. RhoA 
activity did not directly induce the formation of inter-endothelial gaps upon 
thrombin stimulation, but once a gap had formed, enhanced RhoA activity 
was observed in the thin remaining cell stretches prior to full separation of 
the adjacent cells.  
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Figure 3: RhoA activity at finger-like bridges prior to separation of ECs. 
 

 
 
Raichu-RhoA transfected HUVECs were grown on Delta T dishes. During time-lapse imaging 
with an interval time of 30 seconds the cells were stimulated with thrombin at t=2½ min. A) The 
upper panel shows the localization of Raichu-RhoA, before (left) and after (right) thrombin 
stimulation. The middle panel shows the enlargement of the white box above. The lower panel 
shows RhoA activity (also movie8). The arrow indicates the finger-like bridges prior to 
separation of the cells. B) Thrombin stimulated Raichu-RhoA transfected cells were fixated and 
stained for F-actin (red). For acquisition of Raichu-RhoA (green) the YFP-channel was used. 
The upper panel shows the raw images, the middle panel the deconvolved images. The box 
contains a finger-like bridge between the separating cells, which is enlarged in the lower panel. 

 
Thrombin increases RhoA activity at stress fibers. 
 
As previous data indicated the presence of RhoA / Rho kinase on stress 
fibers36,37 we also investigated whether RhoA activity was associated with F-
actin filaments. Live cell imaging of the filaments was feasible in cells with 
relatively low Raichu-RhoA expression (Fig. 4A upper panel). The 
enlargement of the white box in figure 4A shows that RhoA activity was 
indeed observed at cytosolic fiber-like structures in contracting cells.  
To show that RhoA activity is indeed needed for F-actin rearrangement, we 
compared the RhoA activity at a cell margin, where there was little 
movement (Fig. 4B region 1), to the RhoA activity at a contacting fiber-like 
structure (region 2). The quantification shows that upon thrombin stimulation 
there is an increase in RhoA activity at the membrane for approximately 
1 min (graph, purple line). At the contracting filament however, thrombin-
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mediated RhoA activity rapidly increased and remained high for more then 
5 minutes (graph, orange line).  
These data indicate that continuous RhoA activity at the fiber-like structures 
is necessary for the rearrangement of the F-actin filaments.  
 
Figure 4: Thrombin-induced RhoA activity at F-actin stress fibers.  
 

 
 
Raichu-RhoA transfected HUVECs were grown on Delta T dishes. During time-lapse imaging 
with an interval time of 30 seconds the cells were stimulated with thrombin at t=2 min. A) The 
upper panel shows the localization of Raichu-RhoA by YFP acquisition, the middle panel shows 
RhoA activity displayed as a pseudo-color thermal map corresponding to the scale shown in the 
right upper corner. The bottom panel is an enlargement of the white box. The arrow indicates 
the localization of a stress fiber. B) The upper panel shows Raichu-RhoA localization, the 
middle panel shows RhoA activity. The arrow indicates a continuously contracting fiber in the 
upper cell after thrombin stimulation. Region 2 was set around this fiber. Quantification of RhoA 
activity in this region (graph, orange line) shows continuously high RhoA activity after thrombin 
stimulation. Region 1 (purple line) was set around the membrane and shows a rapid increase 
and decrease of RhoA activity upon thrombin stimulation.  
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Ring-like structures with RhoA activity. 
 
An unexpected finding was the observation that RhoA activity also appeared 
in ring-like patterns close to the membrane rapidly (≤30 sec) after thrombin 
activation of the cells. Such structures are shown in the boxes of the right 
panel of figure 5A. These ring-like patterns disappeared almost completely 
within the next 30 seconds (Fig. 5A, bottom right panel) and were visible 
along the whole plasma membrane (movie 9, CD chapter 5). The 
quantitative analysis of the FRETc/A intensity (regions 1 and 2) confirmed 
that RhoA activity increased directly after thrombin stimulation and within 
1½ minute was back to baseline (Fig. 5A). These structures are likely the 
same protrusions as observed in figure 2. To evaluate the interaction 
between the protrusions, the ring-like RhoA activities and the F-actin 
cytoskeleton, thrombin stimulated cells were fixated and counterstained with 
rhodamin-phalloidin after which 3D-fluorescence-microscopy was performed. 
As demonstrated in figure 5B Raichu-RhoA and F-actin co-localize at these 
fin-like structures.  
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Figure 5: Thrombin-mediated RhoA activity at ring-like structures. 
 

 
 
A) Raichu-RhoA transfected cells grown on Delta T dishes were stimulated with thrombin t=2 
min after starting the time-lapse imaging. Enlargement of the white box from the left panel is 
shown in the middle and right panel. Middle panel shows Raichu-RhoA localisation (yellow). 
Right panel shows RhoA activity displayed as a pseudo-colour thermal map corresponding to 
the scale shown in the right upper corner. Red corresponds to high RhoA activity and blue to 
low RhoA activity (see also movie9). The upper panel shows the enlargements of the white box 
5 sec prior to thrombin stimulation, the middle and lower panels show respectively 25 sec and 
1 min after thrombin stimulation. Region 1 and 2 in the right panel are set around a ring-like 
pattern of RhoA activity. The graph shows the quantification of the RhoA activity in the individual 
region 1 (purple line) and region 2 (orange line). B) Thrombin stimulated Raichu-RhoA 
transfected cells were fixated and stained for F-actin (red). Raichu-RhoA was acquired by YFP 
imaging (green). The upper panel shows the raw images, the lower panel the deconvolved 
enlargement of the white box.  

 
Discussion 
 
In this study, we identified four distinct RhoA activities that are associated 
with different aspects regulating the integrity of endothelial monolayers (see 
Fig. 6). First we showed in a non-stimulated monolayer, that increased RhoA 
activity at the cell margins preceded gap closure. Next we showed that 
thrombin stimulation rapidly increased RhoA activity at the cell-margins, in 
particular at small fin-like membrane ruffles. Thrombin also increased RhoA 
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activity at the SFs. Here, the prolonged RhoA activity coincided with the 
rearrangement (contraction) of the F-actin cytoskeleton. Finally, thrombin-
mediated RhoA activation was found at the remaining finger-like bridges 
around the inter-endothelial gap sites, prior to separation of the cells.  
In HUVEC monolayers the sub-cellular localization of Raichu-RhoA was 
homogenous, with a clear accumulation at the cell margins. This localization 
of Raichu-RhoA matches with the localization of endogenous RhoA as 
described in several cell types including ECs.38 This indicates that the sub-
cellular localization of Raichu-RhoA is correct and reflects the localization of 
endogenous RhoA. Bearing in mind that three-channel FRET analysis is a 
user-dependent semi-quantitative method our FRET data were analyzed by 
several investigators. To further ensure that the increase in FRETc/A 
intensity indeed reflected the activation of RhoA the cells were incubated 
with a Rho inhibitor, which blocked the thrombin-mediated RhoA activation. 
Another limitation of the study was that FRET analysis gives no absolute 
values, so it can only be used to look at changes in RhoA activity. Using not 
only Raichu-RhoA, but also Raichu-RBD-X solved this latter problem. 
Raichu-RhoA shows the balance between rhoGAP and rhoGEF, while Rho-
RBD-X reflects RhoA activity. Both probes showed thrombin-mediated RhoA 
activation at the same sub-cellular locations. 
We report here that in non-stimulated monolayers RhoA activity occurred 
prior to gap closure (see Fig. 6). This is in line with our previous observations 
that Rho kinase activity is needed to maintain endothelial barrier integrity.39 
A similar observation was made in epithelial monolayers where RhoA 
mediated the formation of the zonula adherens.40 The return of RhoA to its 
inactive state upon gap closure can be explained by binding of p120ctn to 
the newly formed AJs. p120ctn not only stabilizes the AJs but also mediates 
p190rhoGAP activation, which shuts down RhoA activity.41,42  
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When the HUVEC monolayers were stimulated with thrombin, we found 
enhanced RhoA activity at the cell margin, particularly at membrane ruffles. 
Similar to shear stress-exposed endothelial monolayers,43 the ruffles 
disappeared several minutes after thrombin stimulation. It remains to be 
investigated whether other small GTPases such as Rac and Cdc42 also play 
a role in the formation of these ruffle-like structures. Interestingly, PKCα has 
also been implicated in this thrombin-mediated ruffle formation (see Fig.6).44-

46 Parallel to thrombin-induced Gα12/13-p115RhoGEF mediated RhoA 
activation GαQ-activated PKCα inhibits RhoGDI47 and activates 
p115RhoGEF48 causing both the liberation and the activation of RhoA.49,50 
However, in vascular smooth muscle cells the general activation of PKC 
mediated Src-dependent activation of p190RhoGAP, inhibiting RhoA activity 
leading to membrane ruffling and SF disassambly.51 Thus, the expression of 
different types of PKC should be considered when explaining the effects in 
different cell types. Thrombin-mediated RhoA activation also located at F-
actin filaments (Fig.6). In isolated SFs as well as in fixated cultured ECs and 
in fixated intact vessels it was already shown that Rho kinase activity, as 
measured by MYPT- and MLC- phosphorylation locates at F-actin filaments 
and regulates contraction.52-54 In this study however we demonstrate for the 
first time in living cells that RhoA activity is located at SFs and is active 
during rearrangement (contraction) of the fibers. 
The thrombin-mediated cell contraction induced inter-endothelial gap 
formation after which RhoA activity increased at the remaining cell stretches 
prior to separation of the ECs (Fig. 6). This RhoA-mediated cell separation 
resembles the rear cell detachment in migrating cells for which it has been 
shown that RhoA and Rho kinase activity play an essential role.55 
As a curiosity, we observed that thrombin also induced ring-like patterns of 
RhoA activity near the plasma membrane. These ring-like patterns of RhoA 
activity may co-localize with F-actin structures and may form the protrusion- 
fin-like structures described above. 
In conclusion, we have shown four sub-cellular locations of RhoA activity 
related to endothelial monolayer integrity modulation. In non-stimulated 
HUVEC monolayers RhoA activity is associated with improvement of 
endothelial barrier integrity. Thrombin-mediated RhoA activity at the ruffles 
may also temporarily enhance the barrier function. The other two locations of 
RhoA activation are involved in thrombin-mediated disruption of the 
monolayer integrity. Thrombin induced RhoA activation along the contracting 
F-actin filaments and at the final cell stretches, just prior to separation of the 
cell. We propose that these four sub-cellular localizations of RhoA activation 
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are linked to processes regulating endothelial monolayer integrity and barrier 
function.  
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