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Endothelial RhoB and RhoC are dispensable for leukocyte diapedesis
and for maintaining vascular integrity during diapedesis
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ABSTRACT
Active remodeling of the actin cytoskeleton in endothelial cells is necessary for allowing leukocytes
to cross the barrier during the process of transendothelial migration (TEM). Involvement of
RhoGTPases to regulate actin organization is inevitable, and we recently reported on the local
function of RhoA in limiting vascular leakage during leukocyte TEM. As a follow-up we investigated
here the possible involvement of two other closely-related GTPases; RhoB and RhoC, in regulating
leukocyte TEM and vascular barrier maintenance. Physiological flow experiments showed no
substantial involvement of either endothelial RhoB or RhoC in neutrophil adhesion and
transmigration efficiency. Besides neutrophil TEM, we did not observe a role for endothelial RhoB or
RhoC in limiting vascular leakage in both inflammatory conditions and during TEM. In conclusion,
endothelial RhoB and RhoC are both dispensable for regulating leukocyte diapedesis and for
maintaining vascular barrier function under inflammatory conditions and during leukocyte
diapedesis.
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Introduction

During immune surveillance and in case of inflamma-
tion, leukocytes leave the blood vessels and move
towards the underlying tissues to clear pathogens and
restore damaged tissues. In order to reach the distant
sites of inflammation, the leukocytes have to cross the
layer of endothelial cells (ECs) that functions as a tight
barrier on the luminal site of blood vessels.1,2 However,
during inflammation this barrier becomes more permis-
sive, resulting in local leakage of plasma proteins and
finally edema formation. The adherens junctions consist-
ing of vascular endothelial cadherin (VE-cadherin)
between endothelial cells are indirectly linked to the actin
cytoskeleton and involved in regulating vascular perme-
ability.3-5 The passage of leukocytes through the EC layer
and the regulation of vascular permeability have recently
been shown to be uncoupled events.4,6 Our work con-
firmed these findings and showed that the leakage is
limited during leukocyte TEM by formation of a sur-
rounding F-actin-rich ring, that is regulated via RhoA
signaling and serves as an elastic strap.7

The process of leukocyte transendothelial migration
(TEM) is a tightly regulated process where spatiotemporal

activation of RhoGTPases, to remodel the actin cytoskele-
ton, is necessary. Currently, only the involvement of
RhoA in regulating leukocyte TEM and vascular perme-
ability during TEM is described, and specific activation of
RhoA during mid and late diapedesis is shown.7 But it is
very likely that during the other phases, i.e. the opening of
the pore and the closure after leukocyte passage, which all
involves actin cytoskeletal remodeling, require additional
GTPase regulation. Therefore, we focused on the role of
RhoB and RhoC, two GTPases with high similarity in
amino acid sequence to RhoA8, in leukocyte TEM and
vascular permeability.

Our data show that, in contrast to the essential func-
tion of RhoA in endothelial cells, neither RhoB nor
RhoC are directly involved in leukocyte TEM and/or the
limitation of vascular leakage during TEM.

Results

Depletion of endothelial RhoB has no effect on leuko-
cyte TEM or vascular leakage. To study if RhoB plays a
role in leukocyte transendothelial migration, HUVECs
silenced with siRNA against RhoB or CTRL were
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cultured in specialized flow chambers. Cells were pre-
treated with TNFa 16 hours prior to the experiment.
The results showed that neutrophil adhesion number
and transmigration percentage under physiological flow
conditions of 0.8 dyn/cm2 were unaltered in RhoB-
depleted ECs using two different siRNA duplexes
(Fig. 1a-b). Besides the adhesion and transmigration,
also the time from adhesion until completion of diapede-
sis, the duration of TEM, was not affected upon RhoB
deficiency (Fig. 1c). Successful RhoB depletion for both
siRNAs was confirmed by Western blotting and showed
also upregulation of RhoA and to a limited extend RhoC,
in line with Marcos-Ramiro and colleagues (Fig. 1d).9 To
further investigate the involvement of RhoB in vascular
permeability, we measured simultaneous 70 kDa FITC-
dextran leakage and neutrophil transmigration towards
the chemokine C5a across TNFa-stimulated ECs for

20 minutes in a fluoroBlok-Transwell system. Silencing
of endothelial RhoB showed no significant difference in
basal leakage compared to control ECs under inflamma-
tory conditions (Fig. 1e, green and purple line, and
Fig. 1g). Neutrophil transmigration across control ECs
showed no significant increase in FITC-dextran leakage,
and deficiency of RhoB had no additional effect on
TEM-mediated permeability (Fig. 1e, blue and red line,
and Fig. 1h). Moreover, there was no significant effect
observed in the number of neutrophils that transmi-
grated through RhoB-knockdown ECs, when compared
to control-treated ECs (Fig. 1f, blue and red line and
Fig. 1i). Besides, no additional effects of RhoB depletion
on both basal and leukocyte induced permeability were
observed with 500 kDa FITC-dextran (data not shown).
Thus, endothelial RhoB plays no essential role in neutro-
phil adhesion and transmigration, and is not involved in

Figure 1. Depletion of endothelial RhoB has no effect on leukocyte TEM and on vascular leakage. (A) Quantification of neutrophil adhe-
sion number and (B) transmigration percentage and (C) transmigration duration through TNFa-treated ECs under physiological flow
conditions after 48 h of transfection with control siRNA or two different RhoB siRNAs. (D) Representative immunoblot of RhoB silencing
in ECs with two different siRNAs (top panel). Actin was used as protein loading control (second panel). Increase in RhoA expression is
shown in third panel and RhoC expression is slightly increased (bottom panel) (E) Extravasation kinetics of FITC-dextran and (F) calcein-
red-labelled neutrophils through TNFa-treated ECs cultured on 3-mm pore FluoroBlok Transwell-filters. Neutrophils transmigrated
towards C5a chemoattractant in the lower compartment. Four conditions were tested: control C neutrophils (blue line), endothelial
RhoB deficiency C neutrophils (red line), control only (purple line) and endothelial RhoB depletion only (green line). (G) Quantification
of FITC-dextran leakage after 20 minutes without neutrophil addition. (H) Quantification of FITC-dextran leakage after 20 minutes of
neutrophil transmigration. (I) Quantification of calcein-red-labelled neutrophils after 20 minutes of transmigration. (A-I) Data are
obtained from three independent experiments in duplicates for Fig. 1A-D and triplicates for Fig. 1E-I and show mean § s.e.m. None of
the quantifications show significant differences, tested with Mann-Whitney.
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regulating basal vascular permeability or in maintaining
the vascular barrier function during neutrophil TEM.

Endothelial RhoB depletion shows no visible effects
on F-actin structure and VE-cadherin during leuko-
cyte TEM. To examine the effect of RhoB depletion on
endothelial F-actin architecture and endothelial junction
integrity via VE-cadherin, immunofluorescent confocal
microscopy was used. Control or RhoB siRNA-silenced
HUVECs were transduced with Lifeact-GFP to visualize
F-actin. In addition, a live staining of VE-cadherin, via a
directly labelled fluorescent antibody10, was performed
before addition and transmigration of neutrophils. Over-
all VE-cadherin distribution shows no defects upon
silencing of RhoB, as the junctional protein is still pres-
ent with comparable intensity in-between adjacent ECs
(Fig. 2a,b). Thus, our data show the ability of RhoB-
depleted ECs to form a monolayer with proper VE-cad-
herin expression and localization.

Also the formation and average number of actin stress
fibers after TNFa stimulation is not impaired in RhoB-
depleted ECs, compared to control cells (Fig. 2a,c). Actin
cytoskeletal rearrangement is necessary upon leukocyte
transmigration through the EC monolayer, therefore F-

actin structure during neutrophil TEM was assessed, and
both control and RhoB knockdown HUVECs show dis-
placement of F-actin fibers at the site of neutrophil
breaching, while the surrounding actin remains intact to
secure maintenance of the endothelial barrier function
(Fig. 2d-e).

Depletion of endothelial RhoC has no effect on leu-
kocyte TEM or vascular leakage. To study if the close-
relative RhoC is involved in leukocyte TEM and regula-
tion of vascular integrity, we performed physiological flow
assays, as described before. The results showed no differ-
ence in the number of adhesive neutrophils and percent-
age of transmigrated neutrophils upon RhoC deficiency in
ECs (Fig. 3a-b). Besides the number of transmigrated neu-
trophils, the duration time from point of adhesion until
complete diapedesis was also not affected in the absence
of endothelial RhoC (Fig. 3c). Western blotting showed
successful RhoC knockdown with two different shRNAs,
and similar as for RhoB depletion, an increase in RhoA
expression was observed but not for RhoB (Fig. 3d). Fur-
ther investigation of RhoC involvement in vascular per-
meability during TEM was performed by simultaneous
measurement of 70 kDa FITC-dextran leakage and

Figure 2. Endothelial RhoB depletion does not impair F-actin structure and VE-cadherin distribution during leukocyte TEM. (A) Confocal
imaging at 40x magnification of control siRNA and RhoB deficiency in Lifeact-GFP expressing HUVECs that were stained live with VE-cad-
herin-ALEXA 647 to indicate endothelial cell-cell junctions after 4h TNFa stimulation. (B) Intensity plot of linescan perpendicular to cell-
cell junction displays Intensity Value as measurement for the VE-cadherin along the red line indicated in Fig. 2A. (C) Number of stress
fibers present per cell in control and RhoB siRNA transfected cells. (D/E) Confocal imaging at 63x magnification of neutrophil transmigra-
tion through RhoB depleted or control cells that express Lifeact-GFP. HUVECs were treated with TNFa 4 h prior to administration of cell
tracker labelled neutrophils that were allowed to transmigrate for 25 min. Arrows indicated formed pore in endothelial F-actin (green),
showing a labeled neutrophil passing through (red). VE-cadherin (white) dots in RhoB depleted cells surround the nucleus, a more often
observed effect with VE-cadherin staining.
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calcein-red labelled neutrophil TEM to C5a chemokine
across TNFa-stimulated ECs in a FluoroBlok-Transwell
system setup. Basal leakage of FITC-dextran across RhoC-
depleted ECs showed no significant difference compared
to control situation (Fig. 3e, green and purple line, and
Fig. 3g). No additional effect on FITC-dextran leakage
during neutrophil TEM was observed upon RhoC silenc-
ing (Fig. 3e, red and blue line, and Fig. 3h). Also no effects
on both basal and leukocyte induced permeability were
observed with 500 kDa FITC-dextran (data not shown).
Similar to the physiological flow experiment, the Fluoro-
Blok-Transwell experiment also showed no significant dif-
ference in neutrophil TEM efficiency and kinetics between
control and RhoC-depleted ECs (Fig. 3f, red and blue
line, and Fig. 3i).

To conclude, in line with the data for RhoB, also
RhoC is not crucial in ECs for proper neutrophil

adhesion and transmigration, and plays no essential role
in maintaining the vascular barrier function, both in
basal- and neutrophil-induced conditions.

Knockdown of endothelial RhoC shows no visible
effects on F-actin structure and VE-cadherin during
leukocyte TEM. Confocal microscopy was used to exam-
ine the effect of RhoC silencing on the endothelial F-
actin architecture and endothelial junction integrity by
means of VE-cadherin distribution. Transduction with
Lifeact-GFP of control or RhoC shRNA-silenced
HUVECs was used to visualize endothelial F-actin. In
addition, a live staining of VE-cadherin, via a directly
labelled fluorescent antibody10, was performed before
freshly isolated neutrophils were added. Gray value
intensity of VE-cadherin in-between adjacent ECs is still
comparable between control and RhoC depleted cells,
and IF images show no difference in overall VE-cadherin

Figure 3. Depletion of endothelial RhoC has no effect on leukocyte TEM and on vascular leakage. (A) Quantification of neutrophil adhe-
sion number and (B) transmigration percentage and (C) transmigration duration through TNFa-treated ECs under physiological flow
conditions after 48 h of transduction with lentiviral particles containing control shRNA or two different RhoC shRNAs. (D) Representative
immunoblot of RhoC silencing with two different shRNAs (top panel). Actin was used as loading control (second panel) and increased
RhoA expression is shown in third panel. Expression of RhoB was unaffected as shown in bottom panel. (E) Extravasation kinetics of
FITC-dextran and (F) calcein-red-labelled neutrophils through TNFa-treated ECs cultured on 3-mm pore FluoroBlok Transwell-filters.
Neutrophils transmigrated towards C5a chemoattractant in the lower compartment. Four conditions were tested: control C neutrophils
(blue line), endothelial RhoC depletion C neutrophils (red line), control only (purple line) and endothelial RhoC deficiency only (green
line). (G) Quantification of FITC-dextran leakage after 20 minutes without neutrophil addition. (H) Quantification of FITC-dextran leakage
after 20 minutes of neutrophil transmigration. (I) Quantification of calcein-red-labelled neutrophils after 20 minutes of transmigration.
(A-I) Data are obtained from three independent experiments in duplicates for Fig. 3A-D and triplicates for Fig. 3E-I and show mean
§ s.e.m. None of the quantifications show significant differences, tested with Mann-Whitney.
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distribution between the EC in the monolayer (Fig. 4a,b).
Thereby it shows the non-essential role of RhoC in the
formation of a monolayer with proper VE-cadherin
expression and localization.

Also silencing of RhoC had no effect on the formation
and average number of actin stress fibers after TNFa
stimulation (Fig. 4a,c). The F-actin fiber displacement
during neutrophil breaching through the EC monolayer
is not impaired upon RhoC knockdown and neutrophil-
surrounding actin remained intact in both shCTRL and
shRhoC ECs to secure maintenance of the endothelial
barrier function (Fig. 4d-e). This, together with the RhoB
silencing data (Fig. 2) confirms the recent study that
transmigrating neutrophils squeeze themselves through
the ECs and bend surrounding endothelial F-actin fibers
instead of using endothelial actomyosin contractility to
open the pore.11,12

Discussion

Our data show no significant effect of depletion of endo-
thelial RhoB or RhoC on the number of adhesive

neutrophils, the percentage of transmigrated neutrophils
or the duration of TEM, indicating no substantial role for
either endothelial RhoB or RhoC in regulating neutrophil
TEM. These observations do fit with the recent publication
that depletion or inhibition of endothelial RhoA shows no
essential role in regulation of leukocyte transmigration effi-
ciency7 and the publication where RhoB depletion has no
effect on T-cell transmigration efficiency.9 However, RhoA
regulates a contractile F-actin ring that surrounds passing
leukocytes to limit vascular leakage during TEM.7 In con-
trast to RhoA, no function of RhoB or RhoC was found in
maintaining vascular barrier function both in basal condi-
tions and during leukocyte transmigration, and is partly
reflected by the observation of unaltered VE-cadherin dis-
tribution at the endothelial cell-cell junctions upon RhoB
knockdown.

The increase in RhoA expression levels upon deple-
tion of either RhoB or RhoC shows the already described
redundancy between these highly similar GTPases.9,13,14

As the indispensable function for RhoA in limiting vas-
cular leakage during leukocyte TEM has already been
shown7, it is difficult to completely exclude a RhoA

Figure 4. Endothelial RhoC depletion does not impair F-actin structure and VE-cadherin distribution during leukocyte TEM. (A) Confocal
imaging at 40x magnification of control and RhoC shRNA silencing in Lifeact-GFP expressing HUVECs that were stained live with VE-cad-
herin-ALEXA 647 to indicate endothelial cell-cell junctions after 4h TNFa stimulation. (B) Intensity plot of linescan perpendicular to cell-
cell junction displays Intensity Value as measurement for the VE-cadherin along the red line indicated in Fig. 4A. (C) Number of stress
fibers present per cell in control and RhoC shRNA transduced cells. (D/E) Confocal imaging at 63x magnification of neutrophil transmi-
gration through RhoC depleted or control cells that express Lifeact-GFP. HUVECs were treated with TNFa 4 h prior to administration of
cell tracker labelled neutrophils that were allowed to transmigrate for 25 min. Arrows indicated formed pore in endothelial F-actin
(green), showing a labeled neutrophil passing through (red) and VE-cadherin (white).
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compensatory mechanism in case of RhoB or RhoC defi-
ciency. Therefore the results presented here may be an
underestimation. However, in vivo inhibition with C3
transferase, that inhibits all three isoforms of the Rho
family, showed the same effects as specific RhoA deple-
tion in vitro.7 Simultaneous knockdown of all three
RhoGTPases in HUVECs did not increase neutrophil
transmigration efficiency compared to single knock-
downs.9 These findings point to a more exclusive role for
RhoA in limiting vascular leakage during leukocyte
TEM.

Whether or not redundancy of RhoA is involved, this
does not exclude involvement of two other well-known
GTPases Rac1 and Cdc42. Small microvilli-like protru-
sions that surround a transmigrating leukocyte, formed by
actin polymerization, are driven by RhoG and Rac1.15-17

Although so far these protrusions are thought to provide a
platform for endothelial adhesion receptors and pro-
inflammatory cytokines18,19 to mediate adhesion, no possi-
ble role in regulating vascular permeability has been pro-
posed yet. Next to these apical protrusions, Rac1 is also
involved in formation of ventral lamellipodia that rapidly
restore the endothelial barrier upon injury20 and is thought
to close the gap immediately after leukocyte transmigra-
tion, although direct evidence is still lacking.

Besides Rho and Rac1, Cdc42 is a well-known actin
regulator, mainly in extension of filopodia.21 Cdc42 was
shown not to be involved in regulating endothelial per-
meability, however, this is only studied under basal
conditions upon thrombin- and histamine-induced per-
meability22, and not in an inflammatory background
together with a leukocyte-induced vascular leakage con-
text. Thus, a role for Cdc42 in leukocyte extravasation
still needs to be established.

Even though many efforts have been made during the
last couple of years to study the contribution of the small
GTPases in the process of leukocyte transmigration, still
relatively few details are known. Where most studies
focused on the function of RhoA and Rac1, this report
excludes direct involvement of RhoB and RhoC in leuko-
cyte diapedesis and endothelial barrier maintenance.

Material and methods

DNA and RNA constructs. pLenti-Lifeact-GFP was a
kind gift of Stephan Huveneers (AMC, Amsterdam, the
Netherlands). shRNA in pLKO.1 targeting RhoC
(TRCN47864 and TRCN47866), and control shRNA
(shC002) were purchased from sigma Aldrich mission
library. siRNA (working concentration 20nM) targeting
RhoB (sc-29472, sc-29472A, sc-29472B), and scrambled
non-silencing siRNA (sc-37007) were purchased from
Santa Cruz.

Antibodies. Rabbit antibody against RhoA (Cat
#2117X) and RhoC (Cat #3430) both Cell signaling.
Polyclonal rabbit anti-RhoB (Cat#sc-180) was obtained
from Santa Cruz and mouse-anti-Actin (Cat#A3853)
from Sigma. Directly labelled VE-cadherin AF647
(Cat#561567) was acquired from BD Biosciences. Sec-
ondary donkey antibody against Rabbit-IR800
(Cat#926–32213) and Mouse-IR800 (Cat#926–32212)
were both from LI-COR Biosciences. Secondary HRP-
conjugated goat anti-mouse (Cat#P0447), swine anti-
rabbit (Cat#P0399) antibodies were purchased from
Dako. All antibodies were used according to manufac-
turer’s protocol.

Cell cultures and treatments. Pooled human umbili-
cal vein endothelial cells (HUVECs) perchased from
Lonza (P1012, Cat # C2419A), were cultured until pas-
sage 7 on fibronectin (FN)-coated dished in EGM-2
medium, supplemented with singlequots (Lonza).
Human Embryonic Kidney (HEK)-293T cells were
maintained in DMEM (Invitrogen), containing 10% (v/v)
heat-inactivated fetal calf serum, 100 U/ml penicillin and
streptomycin and 1x sodium pyruvate (all Invitrogen).
All cells were cultured at 37�C and 5% CO2.
Pretreatment with 10 ng/ml recombinant TNF-a (Pepro-
tech) for 24 h before each leukocyte TEM experiment.
Lentiviral constructs were packaged into lentivirus in
Human Embryonic Kidney (HEK)-293T cells by means
of third generation lentiviral packaging plasmids (Dull
et al., 1998; Hope et al 1990). Lentivirus containing
supernatant was harvested on day 2 and 3 after transfec-
tion. Lentivirus was concentrated by Lenti-X concentra-
tor (Clontech, Cat# 631232). Transduced target cells
were used for assays after 72 hours. Cells were trans-
fected with the expression vectors according to manufac-
turer’s protocol with Trans- IT-LT1 (Myrus) and siRNA
transfections were performed according to manufac-
turer’s protocol using INTERFERin (Polyplus).

Neutrophil isolation. Polymorphonuclear (PMN)
neutrophils were isolated from whole blood derived
from healthy donors. Whole blood was diluted (1:1) with
5% (v/v) TNC in PBS. Diluted whole blood was pipetted
carefully on 12,5 ml Percoll (room temperature) 1.076 g/
ml. Tubes were centrifuged (Rotanta 96R) at 2000 rpm,
slow start, low brake for 20 minutes. After erythrocyte
lysis in an ice-cold isotonic lysis buffer (155 mM
NH4CL, 10 mM KHCO3, 0.1 mM EDTA, pH7.4 in Milli-
Q (Millipore), neutrophils were centrifuged at 1500 rpm
for five minutes at 4�C, incubated once with lysis buffer
for 5 minutes on ice, centrifuged again at 1500 rpm for
five minutes at 4�C, washed once with PBS, centrifuged
again at 1500 rpm for five minutes at 4�C and resus-
pended in HEPES medium pH7.4 (20 mM HEPES,
132 mM NaCl, 6 mM KCL, 1 mM CaCL2, 1 mMMgSO4,
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1.2 mM K2HPO4, 5 mM glucose (all from Sigma-
Aldrich), and 0.4% (w/v) human serum albumin (San-
quin Reagents) and kept at room temperature for not
longer than four hours until use. Neutrophil counts were
determined by cell counter (Casey).

FITC-dextran permeability assay. 200,000 ECs were
cultured in (FN) treated 24 well cell culture inserts (Corn-
ing FluoroBlok, Falcon, 3.0 mm pore size Cat# 351151)
and treated with TNF-a overnight. 30 mg FITC-dextran
(70 kDa) (Sigma) in HEPES medium pH7.4 was added to
the upper and 0.1 nM C5a (Sigma C-5788) in HEPES
medium pH7.4 was added to the lower compartment.
FITC-dextran and calcein red-orange (Molecular probes
C34851) labeled neutrophil (200,000 cells) extravasation
was monitored simultaneously for a period of 60 minutes
with an interval of 1 minute by an Infinite F200 pro plate
reader (TECAN) at 37 �C. EX BP 485/9 and EM BP 535/
20 was used to measure FITC-dextran kinetics. EX BP
570/9 and EM BP 595/20 was used to measure neutrophil
(calcein red-orange) transmigration kinetics.

Neutrophil TEM under physiological flow. 150.000
HUVECs were cultured per channel in a FN-coated ibidi
m-slide VI0.4 (Ibidi) the day before the experiment was
executed and stimulated overnight with 10 ng/ml TNFa
(Peprotech). Freshly isolated neutrophils were resus-
pended at 1�106 cells/ml in HEPES medium pH7.4 and
were incubated for 30 minutes at 37�C. Cultured
HUVECs in Ibidi flow chambers were connected to a
perfusion system and exposed to 0.5 ml/minute HEPES
medium pH7.4 shear flow for 5 minutes (0.8 dyne/cm2).
Neutrophils were subsequently injected into the perfu-
sion system and real-time leukocyte-endothelial interac-
tions were recorded for 20 minutes by a Zeiss Observer
Z1 microscope. All live imaging was performed at 37�C
in the presence of 5% CO2. Transmigrated neutrophils
were distinguished from those adhering to the apical sur-
face of the endothelium by their transition from bright to
phase-dark morphology. Percentage adherent or trans-
migrated neutrophils were manually quantified using the
ImageJ plug-in Cell Counter (type 1, adherent cells, type
2, transmigrated cells).

Western blotting. Cells were washed once with PBSC/

C (1mM CaCl and 0.5 mM MgCl), and lysed with 95�C
SDS-sample buffer containing 4% b-mecapto-ethanol.
Samples were boiled at 95�C for 5–10 minutes to dena-
ture proteins. Proteins were separated on 12,5% SDS
running gel in running buffer (200 mM Glycine, 25 mM
Tris, 0.1% SDS (pH8.6)), transferred to nitrocellulose
membrane (Thermo Scientific Cat#26619) in blot buffer
(48 nM Tris, 39 nM Glycine, 0.04% SDS, 20% MeOH)
and subsequently blocked with 5% (w/v) milk (Campina)
in Tris-buffered saline with Tween 20 (TBST) for
45 minutes. The immunoblots were analyzed using

primary antibodies incubated overnight at 4�C and sec-
ondary antibodies linked to horseradish peroxidase
(HRP) (Dako, Aligent Tochnologies) or IR800 (LI-COR
biosciences), after each step immunoblots were washed
4x with TBST. HRP signals were visualized by enhanced
chemiluminescence (ECL) (Thermo Scientific) and light
sensitive films. IR800 signals were scanned with Odyssey.

Confocal laser scanning microscopy. HUVECs were
cultured on FN-coated 12 mm glass coverslips and trans-
fected/transduced as indicated and stimulated with TNFa
4 h and stained for VE-cadherin 30min prior to the experi-
ment. Freshly isolated neutrophils were labelled with 1mM
cell tracker blue (Life Technologies) for 30 min at 37�C
and 250.000 cells in 500 ml HEPES medium pH7.4 were
added to the HUVECs. PMNs were allowed to transmi-
grate for 25 minutes at 37�C, 5% CO2 before fixation with
3,7% PFA (Merck). Coverslips were washed with PBSC/C

and subsequently mounted with mowiol (Merck). Z-stack
image acquisition was performed on a confocal laser scan-
ning microscope (Leica SP8) using a 40x NA 1.3 or 63x
NA 1.4 oil immersion objective.
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