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Summary: Progressive tumor growth is dependent on angiogenesis. The mechanisms by which endo-
thelial cells (ECs) are incorporated to develop new blood vessels are not well understood. Recent studies 
reveal that the ezrin radixin moesin (ERM) family members are key regulators of cellular activities such 
as adhesion, morphogenetic change, and migration. We hypothesized that ezrin, one of the ERM family 
members, may play important roles in ECs organization during angiogenesis, and new vessels formation 
in preexisting tissues. To test this hypothesis, in this study, we investigated the effects of ezrin gene si-
lencing on the migration and angiogenesis of human umbilical vein endothelial cells (HUVECs) in vitro. 
HUVECs were transfected with plasmids with ezrin-targeting short hairpin RNA by using the lipofec-
tamine-2000 system. Wound assay in vitro and three-dimensional culture were used to detect the migra-
tion and angiogenesis capacity of HUVECs. The morphological changes of transfected cells were ob-
served by confocal and phase contrast microscopy. Our results demonstrated that the decreased expres-
sion of ezrin in HUVECs significantly induced the morphogenetic changes and cytoskeletal reorganiza-
tion of the transfected cells, and also reduced cell migration and angiogenesis capacity in vitro, suggest-
ing that ezrin play an important role in the process of HUVECs migration and angiogenesis. 
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 The formation of new capillary blood vessels 
through the morphological change of endothelial cells 
(ECs), is known as angiogenesis, which is involved in 
many important developmental events, such as wound 
healing, tumor development, and embryonic develop-
ment[1]. Angiogenesis includes several rate-limiting steps 
during aggressive tumor growth and tumor metastases[2]. 
The newly formed vessels not only provide metabolic 
support for expanding tumor population but also facili-
tate tumor cells entering the systemic circulation[3]. Cir-
culating tumor cells then exploit EC receptors in distal 
vascular beds to promote their arrest and retention in 
target organs[4]. The implication of angiogenesis in tumor 
proliferation suggests that suppressing angiogenesis is an 
effective way to inhibit tumor progression. Angiogenesis 
is intricately regulated by a number of factors, including 
extracellular matrix (ECM), growth factors, mem-
brane-bound proteinases, and integrin. These factors lead 
to cytoskeletal rearrangement, which delicately orches-
trates the various steps of angiogenesis, including EC 
proliferation, branching, sprouting, and lumen forma-
tion[5]. Cells migrate by rearranging of actin cytoskeleton, 
which occurs in five steps, forming new lamellipodia, 
adhering to the substratum at the front of the cell, de-
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taching from the substratum at the tail of the cell, and 
retracting their tails[6]. The actin cytoskeleton apparently 
plays a critical role in regulating the complex series of 
signaling events of ECs shape changes during migration 
and angiogenesis. 

 The ezrin radixin moesin (ERM) family members, 
including ezrin, radixin and moesin, act as linkers be-
tween the plasma membrane and the cortical actin cy-
toskeleton[7]. In the majority of eukaryotic cells, ERM 
proteins are involved in many physiologic functions in-
cluding regulation of actin cytoskeleton, control of cell 
shape, adhesion, motility and modulation of signal 
transduction pathways[8]. Ezrin, which is considered the 
prototype member of the ERM protein family, was first 
characterized as a component of microvilli in a variety of 
cell types. To date, a large spectrum of cellular functions 
may directly or indirectly depend on ezrin. Ezrin is both 
a key plasma membrane-cytoskeleton crosslinker and the 
binding partner of a plethora of molecules with diverse 
functions, such as: ICAM-1, -2, -3, CD43, CD44, 
RhoGDI, calpain[9]. It plays a key role in the actin based 
cellular functions as consequence for cell locomotion, 
which is of importance in angiogenesis. 

In the present study, we investigated the mecha-
nisms of ezrin involved in the migration and angiogene-
sis of ECs. Our study focused on the role of activation of 
ezrin in mediating the changes of cell morphology and 
mobility as well as in alteration of capability of EC an-
giogenesis in vitro. Here we report silencing of ezrin may 
reduce the migration and angiogenesis of ECs. 
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1 MATERIALS AND METHODS 
 
1.1 Cell Culture and Reagents 
    The HUVECs line was purchased from Wuhan 
University, China. HUVECs were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM) supplemented with 
10% (v/v) fetal calf serum (FCS) at 37°C in 5% CO2. 
The mouse monoclonal antihuman ezrin antibody, rabbit 
monoclonal antihuman β-actin antibody, and BamH  Ⅰ
and ECOR  were purchased from Santa Cruz BiotecⅠ h-
nology (USA). Trizol reagent was purchased from Gibco 
(USA). Oligonucleotides were procured from the Shen-
gong Biotechnology (Shanhai, China). Rabbit anti-mouse 
IgG alkaline phosphatase conjugate was obtained from 
Zhongshan Biotechnology (Beijing, China). Collagen 
type- and cell culture reagents and other chemical mⅠ a-
terials were purchased from Sigma (USA). Plasmid 
(pSIREN-DNR-DsRed-Express) was purchased from 
Clontech (USA). 
1.2 Preparation of Plasmid and Transfection of 
HUVECs 
    Two independent short hairpin RNA (shRNA) se-
quences with different inhibition efficiencies targeted for 
human ezrin were chosen: Eai, CCTGGAAATGTA-
TGGAATCAA; and Ebi, CCCACGTCTGAGAATCA- 
ACAA. DNA oligos containing the target sequence were 
synthesized, annealed and inserted into the expression 
vector (pSIREN-DNR-DsRed-Express). The accuracy of 
the inserted sequences of the recombinants was verified 
by restriction enzyme analysis and sequencing. Both 
constructs demonstrated significant knockdown of ezrin. 
Among them, the Eai construct consistently achieved 
lower ezrin depression (>85%) and was used for the ma-
jority of experiments. The plasmid containing shezrin 
was amplified in E.coli DH 5α strain. The protocols for 
plasmid preparation and purification were from Molecu-
lar Cloning: A Labrotory Manunal[10]. HUVECs (60% 
confluent/100 mm) were transfected with empty vector 
(pSIREN-DNR-DsRed-Express) or pSIREN-DNR-Ds-
Red-Express-shezrin. Lipofectamine (Gibco-BRL Life 
Technologies, USA) was used as a carrier to transfect 
cells that had been serum-starved for 1 h and then incu-
bated with vectors for 4 h at 37°C in a humidified at-
mosphere of 5% CO2. To permit cell recuperation, the 
mixture was replaced by complete medium containing 
10% FCS and incubated overnight. The levels of ezrin in 
the transfected cells were detected by immunodection of 
cell lysates with an anti-ezrin epitope monoclonal anti-
body (SantaCruz Biotechnology, USA) and semi-quan-
titated reverse transcription-polymerase chain reaction 
(RT-PCR). 
1.3 RNA Isolation and RT-PCR 
    Total RNA was isolated from 1×107 HUVECs by 
using TrizolTM reagents. Two μg RNA was used for 
cDNA synthesis by reverse transcription (RT). The RNA 
samples were incubated at 70°C for 5 min with 0.5 μg 
oligo-deoxythymidine primers in a final volume of 10 μL, 
and then incubated at 37°C for 60 min. RT was per-
formed in a 25 μL reaction containing 1.25 mmol/L de-
oxynucleotide triphosphate, 200 U Moloney murine leu-
kemia virus reverse transcriptase and 1×buffer. Obtained 
cDNAs were amplified by using specific primers. Ezrin 
(sense primer: 5'-GCAGAATTCATGCCGAAACCAA-
TCAATGTC-3', and anti-sense primer: 5'-GATCTC- 
GAGTTACAGGGCCTCGAACTCGT-3') and GAPDH 
(sense primer: 5'-ACGGATTTGGTCGTATTGGG-3' and 

anti-sense primer: 5'-TGATTTTGGAGGGATCTCGC-3') 
primers were used in the RT-PCR reaction. The PCR 
reaction system consisted of 5 μL of cDNA, 0.2 mmol/L 
deoxynucleotide triphosphate, 1.25 mmol/L MgCl2, 2.5 
U Taq polymerase, 1× buffer, and 10 μmol/L primers. 
The PCR profile was 94°C for 30 s, 59°C for 1 min, 
72°C for 90 s, for 28 cycles, followed by extension for 
10 min at 72°C. The PCR products were electrophoresed 
on 1.5% agarose gels (Invitrogen, USA), including 0.1 
μg/mL ethidium bromide (EB). The amount of mRNA 
was semiquantitated by measuring the relative ratio 
against the amplified GAPDH with equal amount of 
cDNA. 
1.4 Protein Extraction and Western Blot Analysis 

Thirty-six h after transfection, HUVECs were lysed 
in Laemmli buffer and centrifuged at 10 000 r/min for 5 
min at 4°C. The supernatants were saved as nuclear ex-
tracts. Samples were resolved by SDS-PAGE on 12% 
polyacrylamide gels and electrotransferred onto 0.2 μm 
nitrocellulose membranes. After a blocking with 5% 
nonfat powdered milk in Tris-buffered saline (TBS) with 
0.05% Tween 20 (TBST) at 37°C for 1 h, the membranes 
were probed with the mouse monoclonal antihuman ezrin 
antibody (1:1000) and the rabbit monoclonal antihuman 
β-actin antibody (1:1000) respectively at 4°C overnight. 
After three times of washes with TBST, the membranes 
were incubated with secondary alkaline phos-
phatase-conjugated antibody at 37°C for 1 h. Nitroblue 
tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate 
(NBT/BCIP) was used to detect the hybridized protein. 
Immunoblots were exposed to Kodak Image films, which 
were further scanned to quantify band intensities by us-
ing Biomax image analysis software. Protein extracts 
were loaded equivalently to detect the expression level of 
β-actin. Protein concentrations of extracts were deter-
mined in the Bio-Rad protein assay system with bovine 
serum albumin (BSA) as control. 
1.5 Confocal Microscopic Analysis of Actin Filaments 
    The confocal microscopy was used to analyze actin 
filaments of HUVECs. The protocol was in accordance 
with that described by Peng et al[11]. Actin filaments were 
visualized by rhodamine-labeled phalloidin (Molecular 
Probes, USA). HUVECs transfected with ezrin-shRNA 
or empty vector, seeded on plates, were fixed in 3.7% 
formaldehyde for 10 min at room temperature. Each 
plate was placed in a glass Petri dish and incubated with 
a solution of 0.1% Triton X-100 in phosphate-buffered 
saline (PBS, pH 7.4) for 5 min. HUVECs were incubated 
with the primary monoclonal antibody against rhoda-
mine-labeled phalloidin for 1 h at room temperature, 
followed by an additional incubation for 45 min with the 
appropriate secondary fluorescent-conjugated antibody. 
To reduce nonspecific background staining, fixed cells 
were pre-incubated with PBS containing 1% BSA for 30 
min prior to adding the first antibody. Cells were washed 
three times during each antibody addition. Confocal laser 
scanning microscopy was performed by using a BioRad 
MRC1024 confocal imaging system (UK). HUVECs’ 
morphology was observed under an OLYMPUS phase 
contrast microscope. HUVECs transfected with ez-
rin-shRNA or empty vector were photographed 16 h 
later. 
1.6 Wound-closure Assay 
    HUVECs 24 h after transfection (ezrin-shRNA or 
empty vector) were seeded into 35-mm dishes at 1.5×105 
cells/cm2 and allowed to grow to 90% confluence in the 
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media with 0.1% BSA for 24 h[12]. The confluent cell 
monolayers were scraped with a sterile pipette tip with a 
constant diameter. For each dish, three to five wounds 
were performed, and three sites of regular wounds were 
selected and marked. Wounded monolayers were then 

washed three times with PBS to remove cell debris. Cells 
were permitted to migrate into the area of clearing for 24 
h. Immediately after wounding and at the end of the ex-
periment (after 24 h), wounds were photographed and 
semiquantitative measurements were made of control 
and treated wounds. A mean wound width was deter-
mined, and the average percent wound closure was cal-
culated in a way as described previously[12]. 
1.7 In Vitro Angiogenesis Model 
    In vitro angiogenesis assays were performed in 
3-dimensional fibrin matrixes as described previously (2 
mg/mL collagen type Ⅰ 3 vol.; 10×EBSS 1 vol.; 0.1 N 
NaOH 1 vol.; DMEM 3 vol.; FCS 2 vol.)[12]. The cells 
carrying ezrin-shRNA or empty vector (1×104 cells/well) 
were suspended in the recommended medium, added to 
each well of Matrigel-coated 6-well plates, and the gels 
were incubated at 37°C in 5% CO2 at 100% humidity. 
The formation of tubular structures of ECs in the 
3-dimensional fibrin matrix was observed and photo-
graphed with phase-contrast microscopy on the 4th day 
of culture, and the mean number of cordlike structures of 
6 randomly chosen microscopic fields (7.3 mm2/ field) 
was recorded. 
1.8 Statistical Analysis 

 Student’s t test was used to compare data between 
two groups. Values are expressed as ±s of at least trip-
licate samples. P<0.05 was considered statistically sig-
nificant. 
 
2 RESULTS 
 
2.1 Ezrin Expression in Ezrin-shRNA Transfected 
HUVECs 
    Previous studies showed that the expression of ezrin 
peaked at 36 h post transfection[13]. We also determined 
the levels of ezrin expression at this time point. As ex-
pected, the level of ezrin mRNA was significantly re-
duced in the ezrin-shRNA transfected cells when com-
pared with that in empty vector transfected cells 
(29.2±8.07 and 55.86±10.72, P<0.05). Western blotting 
showed that the relative expression level of ezrin protein 
was 24.84±6.89 and 50.56±8.78 in ezrin-shRNA trans-
fected cells and empty vector transfected cells, respec-
tively (P<0.05), which was in accordance with the ex-
pression of ezrin mRNA (fig .1A and 1B). 
2.2 Effects of Ezrin Silencing on the Endothelial Actin 
Cytoskeleton and Cell Morphology  

Confocal and phase contrast microscopy revealed 
that HUVECs transfected with empty vectors had 
stronger stress fibers, which were visualized by staining 
with rhodamine-phalloidin (fig. 2A) as described previ-
ously[14, 15]. In contrast, cells transfected with ez-
rin-shRNA had few actin stress fibers. Meanwhile, it was 
obvious that the number and diameter of stress fibers 
were decreased, and lamellipodia extensions reduced 
when the ezrin expression was inhibited. It was sug-
gested that ezrin played an important role in regulating 
the organization of actin stress fibers. The morphological 
changes induced by down-expression of ezrin in HU-
VECs were observed by light microscopy. The cells 
transfected with ezrin-shRNA showed regular spindle 

shapes and lower levels of focal adhesion and of lamel-
lipodia and filopodia formation (fig. 2B). Taken together, 
these data indicated that inhibition of ezrin expression 
can change the morphology of ECs by reorganization of 
actin cytoskeleton.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 The expression levels of ezrin mRNA and protein in the 

cells transfected with empty vectors or ezrin-shRNAs at 
36 h post-transfection  
A: semiquantitated RT-PCR and Western blot analyses 
of the expression of ezrin with GAPDH (level of mRNA) 
and β-actin (level of protein) at internal controls. The 
experiment was repeated three times. B: the bar graph of 
the relative expression of ezrin at mRNA and protein 
levels. The ezrin expression in ezrin-shRNA transfected 
cells was significantly lower than that of empty vector 
transfected cells (mRNA: 29.2±8.07 vs. 55.86±10.72, 
P=0.026, n=3; protein: 24.84±6.89 vs. 50.56±8.78, 
P=0.016, n=3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Effects of ezrin-shRNA transfection on the endothelial 

actin cytoskeleton and cell morphology 
A: F-actin was visualized by rhodamine-phalloidin stain-
ing (×600). HUVECs transfected with empty vectors had 
more stress fibers. In contrast, the number and diameter of 
stress fibers were reduced obviously in cells transfected 
with ezrin-shRNAs. B: HUVECs morphology was ob-
served with phase contrast microscopy (×600). The cells 
transfected with ezrin-shRNAs showed lower levels of 
focal adhesion and lamellipodia as well as filopodia for-
mation.  
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2.3 Effects of Ezrin Suppression on the Motility of 
HUVECs    
    To investigate whether ezrin was involved in the 
endothelial migration, confluent and quiescent monolay-
ers of HUVECs were wounded. Recovery of these mon-
olayer cells only depends on cell migration during 
wound closure. As previously reported, the proliferation 
of ECs in response to wounding did not start in the first 
24 h[12]. Photographs were taken in this study directly 

after wounding and 24 h after wounding in order to ob-
serve the changes of ECs migration (fig. 3A). The per-
centage of wound closure in ezrin-shRNA transfected 
cells was significantly lower than that in empty vector 
transfected cells (47.73%±8.89% vs. 71.69%±10.6%, 
P<0.05) (fig. 3B). These results suggested that the ca-
pacity of HUVECs migration in vitro can be decreased 
by decreasing the expression level of ezrin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Effects of ezrin silencing on ECs migration in vitro 

A: Confluent monolayers of HUVECs were wounded. Photographs were taken directly after wounding (t=0 h) and 24 h after 
wounding (t=24 h). B: quantification of the endothelial wound repair. ECs migration was quantified 24 h after wounding. 
Values are ±s from 6 cultures in 3 independent experiments. The percentage of wound closure in ezrin-shRNA transfected 
cells was significantly lower than that of empty vector transfectd cells (*P=0.04 vs. vector transfection, n=3). 

 
 
2.4 Effects of Ezrin Suppression on the Formation of 
Tubular Networks in Three-dimensional Gels  
    Three-dimensional typeⅠcollagen provoked HU-
VECs in cultures to undergo marked shape changes that 
closely imitated precapillary cord formation. In vitro 
angiogenesis tube formation assay showed that the mean 
numbers of cordlike structures of 6 randomly chosen 
microscopic fields (7.3 mm2 /field) were obtained and 
compared between groups. As shown in fig. 4A, the re-
sults showed that knockdown of Ezrin reduced the or-

ganization of ECs into cords (fig. 4B). The number of 
cordlike structures was 1.83±0.98 and 3.33±1.21 in ez-
rin-shRNA and empty vector transfected cells, respec-
tively, with difference being significant (P<0.05, fig. 4B, 
n=6). Inhibition of ezrin decreased the capability of EC 
angiogenesis in vitro, suggesting that ezrin as a critical 
regulator of cytoskeleton mediated the assembly of ECs 
into precapillary cords within the three-dimensional col-
lagen matrix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Effects of ezrin silencing on ECs organization into precapillary cords 

A: Confluent ECs monolayers, consisting of equal numbers of cells, were seeded on collagenⅠgels and observed and photo-
graphed 4 days later. B: comparison of the number of precapillary cords. The quantification of ECs assembly into cords with 
morphometry indicated that ezrin silencing reduced cord formation (*P=0.04 vs. vector transfection, n=6). 
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3 DISCUSSION 
 
    Although many of the factors (e.g., VEGFs, FGFs, 
TGF-β) that control the process of angiogenesis are well 
examined, little is known about the molecular mecha-
nisms by which ECs physically assemble into capillary 
tube structures in three-dimensional ECM environments. 
To form three-dimensional capillary tubes, ECs must 
establish contacts with the ECM that provides signals for 
their proliferation, migration, and differentiation[16, 17]. 
During angiogenesis, proliferating ECs are organized to 
form new three-dimensional capillary networks through 
a process involving the transition of endothelial precur-
sor cells to spindle-shape morphology in combination 
with alignment into solid, multicellular, precapillary, 
cord-like structures[18]. Moreover, these cordlike struc-
tures are interconnected to form a polygonal network[19]. 
Recent studies revealed that ezrin proteins act as linkers 
between the plasma membrane and the cortical actin cy-
toskeleton, and play an important role in the formation of 
microvilli, cell-cell adhesion, maintenance of cell shape, 
cell motility, and membrane trafficking[20–23]. Thus, the 
importance of ezrin for these processes is consistent with 
a possible role in vascular morphogenesis. In the present 
study, we provided evidence that ezrin is a novel regula-
tor in vascularization.   
   As shown in this study, we observed a strong reduc-
tion in cell motility in HUVECs treated with specific 
siRNA targeting ezrin. The contractile actomyosin cy-
toskeleton and its connection to the plasma membrane 
are critical for control of cell migration. Ezrin protein 
expression is localized in a specific cell membrane re-
gion and is mainly involved in the connections between 
epithelial cell cytoskeletons and cell membranes[24]. 
Through membrane surface signaling molecules and 
some transmembrane signal transduction pathways, ezrin 
participates in the regulation of cellular survival, adhe-
sion and migration processes. Active ezrin C-terminals 
connect with the actin cytoskeleton and the N-terminals 
connect with the cell adhesion molecules such as 
E-cadherin and CD44[25]. A relevant study also found 
that through the activation of ras homolog gene family, 
member A (RhoA) and mitogen-activated protein kinase 
(MAPK) pathways, ezrin could promote cell adhesion 
plaque formation, thereby promoting the adhesion func-
tion between the ECs and other cells[26]. Recent studies 
have demonstrated that PIP2 binding and phosphoryla-
tion state of ezrin acted in synergy to induce protein ac-
tivation and thus increased the affinity for filamentous 
actin[27]. Therefore, we believe that, through participation 
in the formation of the cell adhesion plaques, cytoskele-
tal connections and cell surface compound assembly, as 
well as in other biological functions, ezrin protein medi-
ates and regulates cell adhesion and actin dynamics pro-
cesses and is involved in the cell migration and angio-
genesis processes. 

ECs morphogenesis is defined as the process in 
which ECs assemble into tubes in three-dimensional ex-
tracellular matrices. These events require ECs interac-
tions with ECM through integrins, and signaling events 
involving cytoskeletal elements that control ECs shape 
and cell-cell interactions that dictate the three-dimensio-
nal structure of tubes[18]. How these interactions lead to 
the ability of ECs to assemble into tubes with a flu-
id-filled lumen, an abluminal surface in contact with 
basement membrane matrix, and cell-cell junctional 
contacts remains unclear. In order for the cell to function 

well within a multicellular system, the mechanical prop-
erties of the plasma membrane need to meet two differ-
ent requirements: cell shape maintenance and rear-
rangement[28, 29]. To achieve these goals, ezrin plays key 
roles in the regulation of the cortical actin cytoskele-
ton[30–32]. In this study, we showed that the HUVECs 
with down-expression of ezrin showed malformations, 
having lower levels of focal adhesion and lamellipodia 
and filopodia formation, with defined size. The data 
suggests that ezrin plays a significant role in the mainte-
nance of normal cell morphology. We therefore propose 
that inhibition of ezrin may result in loss of membrane 
tension which is normally maintained by ezrin connec-
tions between the membrane and the cytoskeleton, which 
in turn contributes to a loss of cellular morphology con-
trol. There was a strong reduction in the number of pre-
capillary cords in HUVECs treated with specific ez-
rin-targeting siRNA, suggesting that ezrin is a key effec-
tor for cord formation.  

In summary, this study suggests that ezrin plays an 
important role in the migration and angiogenesis of ECs 
in vitro by affecting actin organization, indicating the 
practical importance of regulating vascular morphogene-
sis by the knockdown of ezrin, which provides a basis for 
exploring new strategies to control cancers. 
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