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Annexin A8 promotes VEGF-A driven endothelial cell sprouting
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ABSTRACT
The physiological and pathological process of angiogenesis relies on orchestrated endothelial cell
(EC) adhesion, migration and formation of new vessels. Here we report that human umbilical vein
endothelial cells (HUVECs) deficient in Annexin A8 (AnxA8), a member of the annexin family of
Ca2C- and membrane binding proteins, are strongly deficient in their ability to sprout in response to
vascular endothelial growth factor (VEGF)-A, and are strongly impaired in their ability to migrate
and adhere to b1 integrin-binding extracellular matrix (ECM) proteins. We find that these cells are
defective in the formation of complexes containing the tetraspanin CD63, the main VEGF-A receptor
VEGFR2, and the b1 integrin subunit, on the cell surface. We observe that upon VEGF-A activation of
AnxA8-depleted HUVECs, VEGFR2 internalization is reduced, phosphorylation of VEGFR2 is
increased, and the spatial distribution of Tyr577-phosphorylated focal adhesion kinase (pFAK577) is
altered. We conclude that AnxA8 affects CD63/VEGFR2/b1 integrin complex formation, leading to
hyperactivation of the VEGF-A signal transduction pathway, and severely disturbed VEGF-A-driven
angiogenic sprouting.
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Introduction

The formation of new blood vessels is an essential physi-
ological requirement in development and wound repair.
However, it is also a central mechanism in various patho-
physiological conditions, such as cancer, and therefore
might serve as a therapeutic target for the treatment.
Angiogenesis proceeds via a series of sequential steps,
among them adhesion, proliferation, migration and initi-
ation of endothelial cell (EC) sprouts.1-3 These processes
are controlled and coordinated by numerous intracellu-
lar signaling pathways that are initiated at the cell surface
by functional complexes containing receptors and extra-
cellular matrix-binding proteins.4 Vascular endothelial
growth factor receptor 2 (VEGFR2), also known as KDR
(kinase insert domain receptor), is highly expressed in
angiogenic ECs.5,6 VEGFR2 is phosphorylated by VEGF-
A activation. The dimerization of this receptor is
required, but not sufficient for its activation.7-9

VEGF-mediated VEGFR2 activation plays a crucial
role in the initiation and orientation of sprouting by the
recruitment of the transmembrane proteins like b1
integrin into a functional macromolecular complex.3,5,10

Cross-talk between VEGFR2 and b1 integrin is impor-
tant for adhesion to the extracellular matrix proteins.
The entire higher order complex is assembled and stabi-
lized by interaction with CD63, a member of the teraspa-
nin family of transmembrane proteins. CD63 is mainly
present on internal vesicles of late endosomes (LE) and
lysosomes11 and serves as a widely used marker for these
compartments. In ECs, it also localizes to Weibel-Palade
bodies (WPB), from where it cycles to the plasma mem-
brane (PM) via a mechanism that remains to be eluci-
dated in detail.12,13 Based on our previous findings that
Annexin A8 (AnxA8) is a crucial factor in CD63 cell
surface presentation,14 we hypothesized that this protein
might also regulate VEGFR2-driven angiogenesis.
AnxA8 belongs to the highly conserved annexin protein
family of Ca2C and phospholipid-binding proteins.15

Annexins have been associated with a wide variety of cel-
lular processes relevant for physiological and pathophys-
iological processes, such as proliferation, differentiation,
migration, and inflammatory scenarios.16-18 AnxA8 has
been shown to affect trafficking, morphology and distri-
bution of LEs.19,20 Importantly, AnxA8 has been
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reported to affect leukocyte recruitment to activated
endothelial cells due to mislocalization of CD63.14

Here we show that AnxA8 helps to establish func-
tional plasma membrane hubs containing fully activated
VEGFR2 in human umbilical vein endothelial cells
(HUVECs), thereby exerting a pivotal role in regulation
of VEGF-A-driven angiogenic sprouting.

Results

To investigate a potential role of AnxA8 in vessel forma-
tion, we assessed the angiogenic potential of HUVECs
lacking AnxA8 in an in vitro-sprouting assay. To abolish
AnxA8 expression, cells were transfected with constructs
encoding either AnxA8-targeting or non-targeting
shRNA and marking transfected cells by GFP expression.
Immunoblot analysis showed a robust reduction of
AnxA8 at the protein level to approximately 50% of con-
trol level (supplementary Fig. S1). To check for the speci-
ficity of the RNAi, we examined the expression level of
the closely related protein AnxA1 and found no changes
in its expression level (data not shown).

AnxA8 deficient HUVECs exhibit defective sprouting
angiogenesis, migration and adhesion

For the sprouting assay, HUVECs were seeded onto
microcarrier beads embedded in a 3-dimensional fibrin-
ogen gel containing VEGF-A. Cells transfected with
non-targeting control shRNA formed several clearly visi-
ble sprouts over the time course observed, with the first
detectable sprouts appearing after 6–8 h (Fig. 1a). In
stark contrast, loss of AnxA8 expression severely
impaired sprouting, and the shRNA transfected cells
remained in close contact with the microcarrier.

Further incubation of HUVECs up to 48 h after
VEGF-A revealed that sprouting was not just delayed
but profoundly disturbed (Fig. 1b). Although some cells
lacking AnxA8 displayed delicate processes that pene-
trated the fibrin gel, very few cells were able to leave the
microcarrier entirely, which was routinely observed for
control cells. This phenotype was quantified by counting
the number of cell nuclei that were visibly distanced
from the bead after 48 h (Fig. 1b) and showed signifi-
cantly impaired sprouting ability.

To rule out that AnxA8 deficiency might impact cell
survival and proliferation, we assayed the cell numbers
up to 72 h after siRNA and shRNA transfection (Fig. 1c).
We did not detect differences in proliferation of AnxA8-
silenced as compared with control cells. We therefore
conclude that silencing of AnxA8 reduces sprouting pro-
pensity of HUVECs and that the observed sprouting

defect was not due to reduced cell division or enhanced
apoptosis.

We next wanted to assess whether the sprouting
defect was due to reduced cellular migration or adhesion,
both of which are essential to angiogenesis. We first
asked whether the defective sprouting seen in AnxA8-
depleted cells was accompanied by a defective migratory
capacity in a 3D-matrix. To address this, we monitored
the ability of AnxA8-silenced cells to migrate across a
Matrigel barrier in a VEGF-A-driven invasion assay.
HUVECs downregulated in AnxA8 expression were
severely impaired in their VEGF-A-stimulated invasive
capacity (Fig. 2a), and statistical evaluation revealed that
the differences were significant (Fig. 2b). We next inves-
tigated whether a change in the formation of adhesive
contacts between the endothelial cells and the extracellu-
lar matrix was associated with the impaired angiogenesis
and endothelial migration observed upon knockdown of
AnxA8. Endothelial cell adhesion to the extracellular
matrix (ECM) is mediated through binding of cell-sur-
face receptors to ECM proteins. Because integrins consti-
tute the major cell adhesion receptors, we aimed to
analyze the impact of AnxA8 on integrin-mediated adhe-
sion. Integrins are heterodimers containing an a and a b
subunit, and vary in their affinities toward the different
ECM proteins.21 Endothelial cells establish contacts to
both fibrinogen, the ECM protein used in the sprouting
assay, and Matrigel, a complex ECM protein mixture, via
integrins containing the b1 or the b3 subunit.22,23 In
contrast, vitronectin is rarely recognized by b1 and pref-
erentially engages b3 integrins as receptors.24

To analyze the integrin-dependent spreading ability of
AnxA8-depleted HUVECs, we included the EMC pro-
teins collagen type 1, fibronectin, and vitronectin. Colla-
gen type 1 is a ligand for b1 integrins,25,26 fibronectin is
recognized by b1 and b3 integrins.22,23 Cells were tested
for their ability to adhere to the different ECM proteins
for 30 min. As shown in Fig. 2c, control cells adhered
readily when tested on collagen type 1 and fibronectin
substrates, whereas cells depleted in AnxA8 were less
firmly attached to the substrates. However, adhesion
seemed undisturbed on vitronectin (Fig. 2c). To Quanti-
fication and statistical evaluation of the adhesion
behavior confirmed that AnxA8-depleted cells adhered
significantly less strongly to the ECM proteins that bind
to b1 integrin, whereas b3 integrin-mediated adhesion
on vitronectin was only marginally affected (Fig. 2d),
arguing for a defect primarily in integrin b1-mediated
cell adhesion. Control cells adopted a well-spread mor-
phology, whereas AnxA8-depleted cells covered a
smaller spreading area on collagen and fibronectin. To
characterize the altered spreading in a more quantitative
manner, we analyzed the mean diameters of cells
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attached to the b1 ligand collagen and found that
AnxA8-depleted cells displayed significantly reduced
mean diameters (Fig. 2e). Taken together, these results
suggest that AnxA8 might be critically involved in the
VEGF-A-driven adhesion, migration and sprouting of
endothelial cells, caused by a defect in b1 integrin-medi-
ated cell-substrate adhesion.

AnxA8 depletion does not alter levels of total
and cell surface-associated b1 integrin and
VEGFR2, but impairs CD63/VEGFR2/b1 integrin
complex formation

Based on our results, we suspected that AnxA8 might
impact proper cell surface presentation of b1 integrin

Figure 1. AnxA8 deficient HUVECs exhibit defective sprouting angiogenesis. (a) HUVECs transduced with non-targeting shRNA (Ctrl
shRNA) or AnxA8-specific shRNA (AnxA8 shRNA) were cultured on microcarrier beads, embedded in 3D fibrinogen gels, and treated
with 20 ng/ml VEGF-A. Spheroids were monitored by live cell microscopy in intervals of 30 min for 24 h. Stills of the respective time
points are shown. Scale bars, 100 mm (b) After 48 h of VEGF-A exposure, HUVECs were fixed, F-actin was stained with TRITC-phalloidin
and DAPI was used to label DNA. To quantify the sprouting, confocal Z-stacks from at least 28 HUVEC spheroids/condition were taken,
and nuclei of migrated cells (defined as cells not attached to the carrier bead) were counted. ���P < 0.001, unpaired Student’s t-test,
data represent means § SEM (c) Cell proliferation was analyzed after 24, 48 and 72 h. Data represent means § SEM of at least 6 inde-
pendent experiments.
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heterodimers, which are functionally activated upon
VEGF-A stimulation of HUVECs.18 We therefore deter-
mined both the b1 subunit expression levels in HUVEC

lysates and the b1 subunit pool presented on the cell sur-
face. As shown in Fig. 3a, quantification of the total b1
subunit content revealed no differences between AnxA8

Figure 2. AnxA8 deficient HUVECs are impaired in migration and adhesion. (a) HUVECs treated with Ctrl or AnxA8 shRNA were seeded
onto a matrigel-coated porous membrane and were allowed to migrate toward VEGF-A for 20 h. (b) To quantify the invasion capacity,
the number of GFP-expressing cells on the lower side of the membrane was calculated as percentage of GFP-expressing cells on the
upper side at time point 0. �P < 0.05, unpaired Student’s t-test, data represent means § SEM of 4 independent experiments. Scale bars,
1 mm (c) Ctrl shRNA and AnxA8 shRNA transduced HUVECs were seeded onto collagen, fibronectin or vitronectin coated 96-well plates.
(d) Adherent cells were fixed after 30 min and fluorescence images were taken. Number of cells was counted. �P < 0.05, unpaired Stu-
dent’s t-test, data represent means § SEM of 10 independent experiments. Scale bars, 400 mm. (e) HUVECs lentivirally transduced with
either Ctrl shRNA or AnxA8 shRNA were seeded onto collagen-coated coverslips for 30 min. The mean diameters of the cells were ana-
lyzed by measuring cell lengths and widths. ���P < 0.001, unpaired Student’s t-test, data represent means § SEM of 40 cells of 4 inde-
pendent experiments.
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knockdown and control cells, and no differences were
observed when b1 integrin subunit cell surface presenta-
tion was analyzed by single cell analysis (Fig. 3b).

VEGF-A-mediated endothelial adhesion, migration
and angiogenesis are thought to depend on ligation of
the VEGF-A receptor VEGFR2. Because VEGFR2 is
complexed with b1 integrin on the HUVEC surface10

we next determined whether VEGFR2 expression was
affected in AnxA8-depleted cells. Similar to what we
observed for b1 integrin subunit expression, we did
not detect alterations in the total VEGFR2 content
(Fig. 3a) or in the levels of VEGFR2 cell surface pools
(Fig. 3b).

We had shown previously that AnxA8 controls cell
surface presentation of the tetraspanin CD63 in

HUVECs.14 Most importantly, CD63 is known to associ-
ate with both b1 integrin and VEGFR2, keeping them in
close proximity.1 We therefore reasoned that although
the respective cell surface levels were not affected, dis-
turbed CD63/VEGFR2/b1 integrin complex formation
might cause the defective adhesion and sprouting
observed in AnxA8-silenced cells. To specifically visual-
ize CD63/VEGFR2/b1 integrin interactions on the cell
surface, we utilized the proximity ligation assay (PLA).
In this approach, oligonucleotide-coupled antibodies are
used to detect the potential interaction partners. Only
when their targets are in close proximity (less than
40 nm), rolling circle amplification is initiated, giving
rise to fluorescent spots. As shown in Fig. 4a, PLA signals
were detected when control cells were treated with

Figure 3. AnxA8 depleted HUVECs present the same levels of total and cell surface-associated b1 integrin and VEGFR2. (a) Expression
levels of b1 integrin and VEGFR2 in lysates of control and AnxA8 silenced HUVECs were analyzed by immunoblotting. STAT3 served as a
control for equal loading. Ratios of b1 integrin or VEGFR2 versus STAT3 bands were quantified. nsP > 0.05, unpaired students t-test,
data represent means § SEM of 7 independent experiments (b) Cell surface levels of b1 integrin and VEGFR2 were analyzed by confocal
microscopy. nsP > 0.05, unpaired Student’s t-test, data represent means § SEM of at least 54 cells (b1 integrin) of 4 independent
experiments or 72 cells (VEGFR2) of 5 independent experiments. Scale bars, 10 mm.
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anti-VEGFR2 and anti-b1 integrin antibodies (Fig. 4a,
upper panel) or anti-VEGFR2 and anti-CD63 antibodies
(Fig. 4b, upper panel), confirming that VEGFR2, CD63,
and b1 integrin are present in a complex in resting cells.
Silencing of AnxA8 resulted in a marked decrease of
PLA signals, and quantitative analysis confirmed that the

differences were statistically significant (Fig. 4a, b). To
investigate the heteromolecular complexes at higher res-
olution, we combined PLA with atomic force microscopy
(AFM), thus obtaining topographical representation of
the cell surface decorated with PLA signals. AnxA8-defi-
cient cells consistently presented fewer globular

Figure 4. AnxA8 depletion impairs the CD63/VEGFR2/b1 integrin complex formation. HUVECs transduced with control or AnxA8 specific
shRNA (identified by their green fluorescence) were analyzed for PLA signals representing complexes between (a) b1 integrin/VEGFR2
and (b) CD63/VEGFR2 by confocal microscopy (upper panels) or atomic force microscopy (lower panels). For quantitative analysis, PLA
spots per cell were calculated from confocal microscopy images. Means § SEM, n D 48 stacks of 4 independent experiments, student’s
t-test, ���P < 0.001, ��P < 0.01, scale bars, 10 mm; AFM images, 600 nm.
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structures than control cells (Fig. 4a, b, lower panels),
suggesting that the formation of CD63/VEGFR2/b1
integrin complexes is reduced in AnxA8-silenced cells.

VEGF-A signaling pathway is hyperactivated in
AnxA8 deficient HUVECs

Because VEGFR2 signaling is altered depending on the
association with integrin,10 we next focused on the
VEGF-A-driven VEGFR2 signaling pathway. (Fig. 5a)
and compared activation of VEGFR2 in the lysates of
VEGF-A-stimulated control and AnxA8-depleted cells.
Surprisingly, we detected significantly elevated phos-
phorylation levels at VEGFR2 autophosphorylation
site1175 in the AnxA8-deficient HUVECs (Fig. 5b).
Quantitative analysis of total VEGFR2 contents revealed
a statistically significant reduction upon 30 min of
VEGF-A exposure in control cells, whereas VEGFR2 lev-
els were not significantly reduced in AnxA8-depleted
cells (Fig. 5c). Because depletion of AnxA8 was not asso-
ciated with elevated VEGFR2 levels (see above), and
because p1175-VEGFR2/total VEGFR2 ratios were not
affected (Fig. 5d), we suspected that hyperactivation of
the VEGF-A-mediated signaling pathway was caused by
impaired internalization of the activated receptor. We
therefore analyzed cell surface presentation of VEGFR2
upon VEGF-A challenge and found that in AnxA8-
depleted cells, VEGFR2 internalization was delayed.
Quantitative analysis revealed a clear loss in VEGFR2
cell surface levels of control cells after 15 min of VEGF
stimulation, whereas AnxA8-depleted cells, VEGFR2 lev-
els were significantly higher at this time point (Fig. 5e),
most likely increasing downstream signaling in response
to VEGF-A. Growth factors promote phosphorylation of
FAK, a non-receptor protein tyrosine kinase that associ-
ates with integrins at sites of focal adhesions and regu-
lates assembly/disassembly of focal contacts.28,29 We
therefore determined FAK phosphorylation at Tyr577, a
site that lies in the FAK kinase domain and is required
for maximal activation. Surprisingly, p577-FAK/total
FAK ratios were not altered in AnxA8-silenced cells.
However, the p577-FAK spatial distribution was pro-
foundly changed. In control cells, p577-FAK localized to
focal contacts along the cell periphery, whereas AnxA8-
deficient cells displayed a more scattered pattern
(Fig. 5g). In line with the above findings, quantification
of p577-FAK signal intensities in situ revealed that acti-
vation per se was not affected (Fig. 5h).

Discussion

In this work, we show that AnxA8 impacts b1 integrin-
dependent endothelial cell adhesion and VEGF-A-

mediated sprouting. Expression levels of this annexin are
rather low compared with other annexins present in
HUVECs, and a 50% decrease in the amount of AnxA8
protein seems sufficient to fall below the critical thresh-
old level, i.e. the manifestation of a mutant phenotype.
We observed that AnxA8-depleted HUVECs displayed
normal levels of the main endothelial VEGF receptor
VEGFR2 and the integrin subunit b1 on the cell surface.
However, complex formation between the tetraspanin
CD63 and VEGFR2, as well as VEGFR2 and integrin b1
severely reduced. Although CD63 is a well-established
marker for late endosomes and lysosomes11 endothelial
cells also present a significant pool on their surface.12,13,29

Cell surface-associated CD63 is part of the so-called tet-
raspanin web, a network of interactions of tetraspanins
with each other and with unrelated surface molecules.30

Interaction with CD63 on the plasma membrane seems
to exert a regulatory function in the stabilization and
endocytic trafficking of certain membrane proteins.31,32

We and others had shown previously that CD63 on
HUVECs acts as a cofactor to P-selectin-mediated leuko-
cyte recruitment onto the endothelial surface.12,14 Silenc-
ing of CD63 was reported to cause impaired leukocyte
recruitment due to decreased P-selectin levels at the cell
surface.12 Most importantly, CD63 is known to associate
with integrins containing the b1 subunit33 and
VEGFR2.1 Plasma membrane CD63 and late endosomal/
lysosomal CD63 pools are connected. CD63 found
within the multivesicular late endosomes cycles to the
plasma membrane via the endothelium-specific, lyso-
somal-related Weibel-Palade bodies.13,35,36 We had
found that the release of endosomal CD63 to replenish
the PM levels is controlled by AnxA8, which affects the
sorting of CD63 within the multivesicular endosomes.
Consequently, CD63 is found retained on the intralumi-
nal vesicle membrane in AnxA8-silenced HUVECs.14

The results presented in this study extend our previ-
ous findings and indicate that AnxA8-silenced cells dis-
play disturbed formation of another CD63-dependent
functional complex on the cell surface. In contrast to P-
selectin, which is constitutively internalized when not
stabilized by CD63, we did not see differences in the cell
surface expression of VEGFR2 and b1, arguing for a role
of CD63 in the assembly of a functional hub in which
co-operating molecules are clustered and kept in close
proximity. Interference with hub assembly might cause
the defective adhesion and sprouting observed in
AnxA8-silenced cells. In support of our model, knock-
down of CD63 in HUVECs results in disturbed angio-
genic sprouting and adhesion.1 However, the phenotype
appears more severe, with reduced adhesion also on the
b3 integrin-engaging ECM protein vitronectin. This
might be explained by the observation that in resting
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HUVECs, CD63 is also associated with b3 integrin,
although to a lesser extent.1,37 Yet, we do not know about
the stability of the CD63/integrin-based functional hubs.
While transiently lowering the CD63 content in the

plasma membrane, e. g. by silencing of AnxA8, might
affect the formation of more dynamic signaling com-
plexes, more stable, longer-lasting interactions with
CD63 might not be affected and might only be interfered

Figure 5. (For figure legend, see page 283)
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with when CD63 is ablated. A shift toward b3 integrin-
based focal contacts might also explain the altered FAK
distribution pattern observed in Anx-A8 silenced cells,
as FAK has been shown to associate with both b1 and b3
integrins in HUVECs.36 Interestingly and similar to
CD63 KO mice,39 AnxA8 KO mice are viable and do not
display an overt vascular phenotype.14 In particular, they
neither suffer from embryogenic lethality, or birth
defects. Although it cannot be ruled out that other
annexins or tetraspanins might compensate for the
respective loss of AnxA8 or CD63, it is highly likely that
AnxA8 and CD63 are not involved in developmental
angiogenesis but rather control endothelial migration/
invasion in more pathophysiological settings such as
wound healing or tumor-driven angiogenesis.

Angiogenesis, and the neovascularization of tumors, is
critically dependent on cross-talk between and integra-
tion of VEGF-mediated signaling pathways and integ-
rins.6,25,26,40 While the dynamic nature of integrins and
their constant cycling to and from the plasma membrane
via endosomal pathways is well acknowledged,41,42,43 a
growing body of evidence suggests that they might also
be transferred to late endosomes to be either degraded or
transported back to the cell surface,44,45 and re-directing
integrins to other endosomal pathways might contribute
to aberrant cell migration and invasion, as seen in cancer
progression.46 These trafficking steps directly affect the
level of integrins at the PM. In contrast to this, interfer-
ing with the assembly of at least b1 integrin in a complex
with CD63 and VEGFR2 does not alter the amount of
b1 integrin (see above, and1). Furthermore, binding to
CD63 is not needed for b1 integrin to adopt the active
state.1 However, the defective adhesion on b1 integrin-
binding ECM proteins strongly argues for a decisive
function of the integrin-containing macromolecular
complexes. Clearly, the assembly of functionally co-oper-
ating signaling molecules into a functional complex
exhibits multiplicative effects due to synchronous action
between neighboring molecules. Whereas in unstimu-
lated HUVECs, VEGFR2 is mostly associated with b1
integrin, (our work and ref. 1), VEGF stimulation favors

formation of a VEGFR2-b3 integrin interaction and b3
integrin phosphorylation.40

Our data add to the complex and multi-step control of
the interplay of growth factors and integrins and support
a model in which AnxA8-dependent plasma membrane
expression of CD63 establishes an additional layer of reg-
ulation to critically control major factors that mediate
essential endothelial functions, such as angiogenesis.

Materials and methods

Antibodies and plasmids

Goat polyclonal anti-human Annexin A8 antibody
(C-20), and polyclonal rabbit anti-FAK (C-20) were
obtained from Santa Cruz, mouse monoclonal anti-
CD63 antibody was from the Developmental Studies
Hybridoma Bank (clone H5C6, University of Iowa, Iowa
City, IA, USA). Rabbit anti-phospho-FAK(577) anti-
body, monoclonal rabbit anti-pVEGFR2(1175) antibody,
and rabbit polyclonal anti-STAT3 antibodies were pur-
chased from Cell Signaling. Goat anti-VEGFR2 antibod-
ies (AF357) were obtained from R&D System,
monoclonal mouse anti-b1 integrin (MAP1965) was
from Millipore. Plasmids psPAX2 (Addgene plasmid
#12260) and pMD2.G (Addgene plasmid #12259) were
gifts from Didier Trono, HuSHshRNA plasmids pGFP-
C-shLenti non-targeting Ctrl shRNA (TR30021), and
AnxA8-silencing shRNA (TL314B) were from OriGen.

Isolation and culture of Human umbilical vein
endothelial cells (HUVECs)

HUVECs were isolated from umbilical cords by dispase
treatment and cultured on CellBind Surface dishes
(Corning) or on collagen type 1-coated coverslips in sup-
plement-containing EGM2 (Promocell) or in HUVEC-
Mix medium composed of 50% EGM2 with supplements
and 50% M199 (Biochrom) supplemented with 10% fetal
calf serum (Sigma), 30 mg/mL gentamycin (Cytogen), 15
ng/mL amphotericin B (Biochrom), 100 IE Heparin

Figure 5. (see previous page) VEGF-A signaling pathway is hyperactivated in AnxA8 deficient HUVECs. HUVECs transfected with non-tar-
geting siRNA (Ctrl siRNA) or AnxA8-specific siRNA (AnxA8 siRNA) were exposed to VEGF-A for the indicated periods of time. (a) Cell
lysates were immunoblotted for the amount and activation state of downstream signaling components (respective phospho-sites ana-
lyzed are given in brackets). STAT3 was used as a loading control. Levels of (b) VEGFR2 activation at autophosphorylation site 1175 and
(c) total VEGFR2 were quantified as ratios of pVEGFR(1175) or total VEGFR2 vs. STAT3 levels in the lysates. ��P < 0.01, nsP > 0.05, data
represent means § SEM of 8 independent experiments and were analyzed by ANOVA followed by Fisher’s LSD post-hoc test (d) Levels
pf pVEGFR2(1175) were quantified as ratios vs. total VEGFR2, data represent means § SEM of 8 independent experiments. (e) Specific
cell surface levels of VEGFR2 after VEGF-A challenge were detected by immunofluorescence microscopy. ��P < 0.01, data represent
means § SEM of at least 42 cells of 3 independent experiments and were analyzed by unpaired student’s t-test. (f) Levels of pFAK(577)
were quantified as ratios vs. total FAK, data represent means § SEM of 6 independent experiments. (g) HUVECs transduced with either
Ctrl shRNA or AnxA8 shRNA were seeded onto collagen-coated coverslips for 30 min. (h) pFAK577 levels of the cells were analyzed by
confocal microscopy. nsP >0.05, unpaired Student’s t-test, data represent means § SEM of 40 cells of 4 independent experiments.
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(Ratiopharm), 2 mM- L-glutamine (Lonza) at 5% CO2
and 37�C. All work with HUVECs was conducted with
the formal approval of the Ethics Committee of North
Rhine-Westphalia and the University of M€unster.

HUVEC transfection

Cells were transfected with 400 pmol siRNA (AnxA8
siRNA 5�-GGAGCGGAGAUUGACUUAAAdTdT-3� or
non-targeting Ctrl siRNA [AllStars negative control
siRNA Qiagen]) using the Amaxa Nucleofection
Technology (HUVEC Nucleofector Kit-OLD, Lonza) fol-
lowing the manufacturer’s instruction, and cultured for
48 h. For lentiviral transduction, HUVECs were incu-
bated overnight with the lentivirus-containing superna-
tant together with 4 mg/mL polybrene (Santa Cruz).
HUVECs were cultured in supplemented EGM2 for 2 d
before analysis.

Production of shRNA containing lentiviral particles

Lentiviral particles were produced in HEK293T cells cul-
tured in DMEM (Sigma) with 10% fetal calf serum (Bio-
chrom), 2 mM L-glutamine, 1% non-essential amino
acid solution (Biochrom) and 100 U/mL penicillin and
100 mg/mL streptomycin (Lonza). Cells were co-trans-
fected using Xfect Transfection Reagent (Clontech) with
plasmids encoding both shRNA and GFP together with
the packaging vectors psPAX2 and pMD2.G. After 24 h,
the medium (DMEM) of the HEK293T cells was
replaced with EGM2. After additional 24 h, the lentivirus
particle-containing supernatant was harvested.

Cell proliferation assay

Proliferation assay with WST-1 reagent (Roche) was per-
formed according to the manufacturer’s protocol. After
transfection/transduction, 2 £ 104 HUVECs were seeded
in duplicates on collagen-coated 96-Well plates for 24,
48 or 72 h. Cells were incubated with WST-1 reagent for
1 h. Absorbance was measured at 440 nm.

Western blotting

For western blotting analysis cells were directly lysed by
incubation in lysis buffer (62.5 mM Tris pH 6.8, 10%
glycerol, 5% b-mercaptoethanol, 4% sodium dodecyl sul-
fate, 0.002% bromophenol blue) on a shaker at 400 rpm
for 4 h. Lysates were boiled up at 96�C for 10 min.
Samples were loaded onto a 12% SDS PAGE and sepa-
rated proteins were measured by means of near-infrared
fluorescence detection (LI-COR Biosciences GmbH, Bad
Homburg, Germany).

Microcarrier-based sprouting assay

Lentivirally transduced HUVECs were used for sprout-
ing assay as previously described.47 A fibrinogen solution
together with HUVEC-loaded Cytodex 3 microcarrier
beads (Sigma) were given to an 8 Well Glass Bottom m-
Slide (ibidi) and exposed to 20 ng/mL VEGF-A. After
48 h, cells were fixed with 4% paraformaldehyde (PFA)
for 30 min, gently washed with glycine buffer (PBS2C,
100 mM glycine), blocked with blocking buffer (PBS2C,
10% FCS, 0.2% Triton X-100, 0.05% Tween 20, 0.02%
BSA) for 1 h and incubated with TRITC-Phalloidin in
blocking buffer overnight. Incubation with 1 mg/mL
DAPI (Thermo Scientific) in PBS2C was performed for
20 min.

Invasion assay

4 £ 104 lentivirally transduced HUVECs were resus-
pended in serum-free M199 medium and added to
the inserts of a 24-well BioCoat Invasion Chamber
(Corning) with the upper surface of the insert mem-
branes coated with growth factor reduced Matrigel.
The lower compartment was filled with HUVEC-Mix
medium containing 10 ng/mL VEGF-A. Images were
taken at time point 0 h. The cells were allowed to
pass through the matrix and the membrane pores for
20 h. HUVECs were washed with PBSCC and the
non-invaded cells were removed. The invaded cells at
the bottom of the membrane were fixed with 4% PFA
in PBSCC for 10 min and the nuclei were stained
with Hoechst33342 (20 mM; 1:500) in PBSCC for
15 min. Cell invasion was documented microscopi-
cally. For each condition, the cells from 3 images
were counted. Cells successfully transduced with
shRNA were identified by their green fluorescence.
The initial number of transfected cells in the upper
compartment at time point 0 was set to 100% and
the percentage of transfected cells on the bottom of
the porous membrane was calculated at time point 20.

Adhesion assay

Transient transfected HUVECs were suspended in
EGM2 medium containing 1% BSA and 5¢103 cells were
seeded on collagen, fibronectin or vitronectin-coated 96-
well plates for 30 min. Cells were fixed with 4% PFA for
10 min and nuclei were stained with 1 mg/mL
Hoechst33342. Adherent cells were documented in
duplicates using an EVOS microscope (AMF) and num-
ber of attached cells/field was calculated.

Mean diameters of lentivirally transduced HUVECs
seeded on collagen-coated coverslips for 30 min were
analyzed by measuring cell length and width of the near-
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spherical cells using the LSM 800 confocal microscope
(Carl Zeiss) equipped with a Plan-Apochromat 63x/1.4
oil immersion objective.

Proximity ligation assay

HUEVCs were fixed with 4% PFA for 10 min and
blocked with 2% BSA/PBSCC for 15 min at room
temperature. Samples were incubated with the pri-
mary antibodies for 1.5 h. Subsequently, the respec-
tive secondary antibodies were added for 1 h.
Proximity ligation assay (PLA) was performed accord-
ing the manufacturer’s instruction (Sigma, Duolink).
PLA spots per nucleus were calculated using ImageJ
software (NIH).

Live-cell imaging and confocal microscopy

Live Cell Microscopy was performed on a LSM 780
microscope (Carl Zeiss) with a 10x/air DICIII objective.
Confocal imaging of fixed cells was performed using the
LSM 780 microscope (Carl Zeiss) equipped with a Plan-
Apochromat 63x/1.4 oil immersion objective.

Atomic force microscopy

For topographical investigations of the PLA com-
plexes on the cell surface of lentiviral transduced
HUVECs, a JPK Nanowizard 3 AFM system (JPK
instruments) was employed. V-shaped OTR4 tips
(Olympus) with a nominal spring constant of 0.02
Nm-1 were used to image the cell surface in contact
mode. During imaging acquisition, the force between
the cantilever and the sample was adjusted manually
to the lowest possible (generally »50 pN) and feed-
back gains were optimized to achieve highest possible
topographical resolution. HUVECs were fixed with
4% PFA for 20 minutes and imaged in fluid (PBS
buffer) with 512 lines per screen. Line scan frequen-
cies were between 1–1.5 Hz. Data were processed and
analyzed with appropriate commercially available soft-
ware (JPK SPM data Processing).

VEGF-A signaling and degradation

siRNA transfected serum-starved HUVECs were incu-
bated with 10 ng/mL VEGF-A (PeproTech) for 0, 5, 15
or 30 min and directly lysed for immunoblotting or fixed
with 4% PFA for 10 min. After blocking in 2% BSA in
PBS, cells were incubated with anti-VEGFR2 antibodies
for 1 h and Alexa Fluor 488 Donkey a-Goat IgG for
45 min at room temperature. DNA was stained with
DAPI in PBS for 10 min.

Statistical analysis

The bars represent mean values § SEM. Statistical signif-
icance of the results was evaluated by Student’s unpaired
t-test using GraphPad Prism version 4.0 (GraphPad soft-
ware, San Diego, CA, USA). A p value < 0.05 was con-
sidered as statistically significant.
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