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A novel monoclonal antibody targeting a novel epitope of
VE-cadherin inhibits vasculogenic mimicry of lung cancer cells
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Abstract. Vascular endothelial cadherin (VE-cadherin) was
first found in vascular endothelial cells to maintain normal
vascular structures and regulate endothelial cell permeability by
homology adhesion. New evidence indicates that certain inva-
sive tumor cells also express VE-cadherin, which is involved
in vasculogenic mimicry to provide a blood supply required
for tumor growth and metastasis. EC1 and EC3 domains of
VE-cadherin were reported to be important for intercellular
homology adhesion. In the present study, a monoclonal anti-
body specific to the outer-membrane immunoglobulin-like
domains of VE-cadherin was generated and the binding
epitope was identified as peptide LDREVVPWYNLTVEA
in the EC4 domain. This antibody inhibited proliferation and
capillary-like structure formation of lung cancer Glc-82 cells
in 3D Matrigel culture in vitro. This effect was mediated by
the inhibition of AKT phosphorylation. Our results suggested
that the EC4 domain participates in VE-cadherin clustering
and the antibody targeting the EC4 domain of VE-cadherin
may be a promising anti-vasculogenic mimicry agent for
cancer treatment.
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Introduction

Vascular endothelial (VE)-cadherin is the main transmem-
brane protein sustaining intercellular adherens junctions
in vascular endothelial cells where it plays a central role in
modulating endothelial integrity and permeability (1). In vivo
experimental models have demonstrated that mice deficient
of VE-cadherin die in the embryo stage by severe vascular
defects (2). Although VE-cadherin is considered specific for
endothelial cells, its expression has also been found in several
types of tumor cells such as melanoma, breast cancer and
lung cancer (3-5). VE-cadherin is also expressed in a subset
of acute lymphoblastic leukemia cells, where it contributes to
cell survival (6). Surprisingly, VE-cadherin can be found in
highly aggressive tumor cells but not in non-aggressive ones,
which indicates that VE-cadherin may play various roles in
tumor progression (7). In 1999, Maniotis et al presented a new
concept, vasculogenic mimicry (VM), which describes the
finding that tumor cells are able to self-assemble into tube-like
structure independent of endothelial cells (7). Several endo-
thelial-specific proteins were found in these VM tumor cells.
Among them, VE-cadherin is considered most critical for VM
as it was found that downregulation of VE-cadherin in mela-
noma led to the loss of VM formation (8). Thus, VE-cadherin
has been used as a therapeutic target to control tumor angio-
genesis in vivo (9).

VE-cadherins exhibit Ca**-dependent homodimer interac-
tion and cluster across cell membranes though their extracellular
domains. Similar to N-cadherin and E-cadherin in the classic
cadherin family, VE-cadherin also has five homologous
domains in its extracellular region (named ECI to ECS5) (10).
The cytoplasmic part of VE-cadherin contains domains
interacting with B-catenin and plakoglobin (11,12). There have
been several studies that showed that the N-terminal region
corresponding to the EC1 domain of cadherins is responsible
for intercellular hemophilic adhesion (13-16). Other research
has found that there exists multiple binding sites in the ectodo-
main for cadherin adhesion. Antibodies directed to EC1
and EC3 affect VE-cadherin adhesion and clustering (17).
However, whether other ECs are associated with VE-cadherin
adhesion still needs to be elucidated. In the present study, we
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generated a monoclonal antibody binding to a novel epitope
in the EC4 domain of VE-cadherin and demonstrated that the
antibody inhibited the proliferation and vasculogenic mimicry
of lung cancer Glc-82 cells by modulating AKT phosphoryla-
tion. Our results suggest that the EC4 domain is involved in
VE-cadherin adhesion and the monoclonal antibody may be
promising for development for anti-vasculogenic mimicry in
cancer treatment.

Materials and methods

Recombinant expression of the extracellular domain of
VE-cadherin protein. The coding sequence for the whole
extracellular region of VE-cadherin was amplified by reverse
transcriptional PCR using total RNA extracted from human
umbilical vein endothelial cells (HUVECs). The primer
sequences were 5'-CCGGAATTCTGGATTTGGAACCAGA
TGCAC-3' and 5'-CCGCTCGAGCAAGATGCTGTACTTG
GTCAT-3' (EcoRI and Xhol sites are underlined). The PCR
product was digested with restriction enzymes and ligated
into the pET41a expression vector (Novagen, San Diego, CA,
USA). The construct was transformed into DH5a. and the
inserted fragment was verified by DNA sequencing. The
recombinant protein was produced by transforming the
expression construct into E. coli BL21 (DE3) followed by
isopropyl 3-D-1-thiogalactopyranoside (IPTG, 1 mM) induction.
The bacteria were collected by centrifugation at 5,000 rpm for
10 min at 4°C, and then sonicated in lysis buffer (20 mM
NaH,PO,, 10 mM imidazole, pH 8.0). The supernatant which
contained the VE-cadherin recombinant protein was collected
by centrifugation at 13,000 rpm for 20 min at 4°C and incu-
bated with Ni**-Sepharose beads for 3 h in an ice-water bath.
The beads were washed with lysis buffer and the bound protein
was eluted with elution buffer (20 mM NaH,PO,, 250 mM
imidazole, pH 8.0). The solution with VE-cadherin fusion
protein was dialyzed against PBS (pH 7.4) overnight at 4°C.
The purified protein was analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) followed by
Coomassie blue staining.

Production and characterization of monoclonal antibodies
to the extracellular domain of VE-cadherin. BALB/c male
mice were purchased from Shanghai SLAC Laboratory
Animal company (Shanghai, China). The mice were housed
in light-controlled room (lights on at 07:00, off at 19:00) at
a room temperature of 23+1°C and a humidity of 50+0%
with food and water available ad libitum. All animal proce-
dures were conducted in strict accordance with the Animal
Ethics Guidelines and approved by the Ethics Committee of
Soochow University. Three BALB/c male mice (6 weeks old,
18-20 g) were immunized with three injections of 100 ug of
the recombinant extracellular domain of VE-cadherin protein
each time. Freund's complete adjuvant was used for the initial
injection. The Freund's incomplete adjuvant was used for the
second injection 28 days after the initial immunization. The
first two immunizations were both administered subcutane-
ously. Four weeks later, 100 g of the recombinant protein
was injected into the tail vein of the mice without adjuvant
for the final boost. Three days later, mouse spleens were
separated and splenocytes were isolated and fused with SP2/0
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myeloma cells using PEG1500 (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). Hybridoma cells were selected in HAT
medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Hybridoma cells producing antibodies specific for recombi-
nant VE-cadherin protein were identified by enzyme-linked
immunosorbent assay (ELISA) and subcloned by two rounds
limiting-dilution in 96-well plates.

Immunofluorescence. Cells (5x10°) were inoculated in 96-well
plates the day before and fixed with 4% paraformaldehyde
at 4°C for 20 min. Cells were washed with PBS three times
and incubated with 2C11, 8A03, or mouse IgG at 37°C
for 1 h. After washing, the cells were labeled with Alexa
Fluor 488-conjugated goat anti-mouse IgG (1:500, Invitrogen;
Thermo Fisher Scientific, Inc.). Nuclei were stained with DAPI
(4',6-diamidino-2-phenylindole). The fluorescent images were
captured using an inverted fluorescence microscope (DIML;
Leica Microsystems, Wetzlar, Germany).

Flow cytometry. EA.hy926 cells (3x10°) were trypsinized to
suspension, washed with phosphate-buffered saline (PBS), and
then incubated with 2C11, 8A03, or mouse IgG (1 ug/ml) at
room temperature for 1 h. Cells were washed with PBS and
labeled with Alexa Fluor 488-conjugated goat anti-mouse IgG
antibody for 1 h at room temperature. The reaction was stopped
by addition of 500 ul PBS and fluorescence was measured
by flow cytometry (BD FACSCalibur; BD Biosciences,
San Diego, CA, USA).

Preparation of recombinant human VE-cadherin fragments.
Five pairs of primers were synthesized for amplification of
the five extracellular domains (EC1-EC5) of VE-cadherin
respectively (primer sequences are listed in Table I). The PCR
products were constructed into the pET41a expression vector.
The five EC domains were recombinantly expressed in BL21
(DEB3) cells respectively under the induction of 1 mM IPTG
at 37°C for 3 h. Bacterial cells were harvested and lysed in
1X Laemmli sample buffer (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) by boiling for 5 min and the soluble
proteins were loaded on SDS-PAGE and the binding of 2C11
monoclonal antibody was assessed by western blot analysis.

Epitope mapping of the 2C11 monoclonal antibody
Immunodot blot analysis. Seven consecutive 15-amino acid
peptides spanning the whole EC4 domain were synthesized
(Table II). Synthetic peptides (20, 40 and 80 ng) were spotted
on a cellulose acetate membrane, the membrane was blocked
with 5% dried milk in PBS for 2 h, and then incubated with
2C11 (1:500 dilution) for 1 h at room temperature followed
by washing three times with PBS-T, and then incubated with
HRP-conjugated goat anti-mouse IgG (1:10,000 dilution)
for 1 h. Enhanced chemiluminescence (ECL; Biological
Industries, Kibbutz Beit Haemek, Israel) was conducted, and
the signal was detected by Kodak Medical X-ray Processer
(Kodak, Rochester, NY, USA) or Tanon 5200 AutoChemi
Image system (Tanon Inc., Shanghai, China). The purified
VE-cadherin fusion protein was used as the positive control.

Competitive ELISA. The synthetic peptides were preincubated
with the 2C11 antibody for 1 h, and then added to the 96-well
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Table II. Synthetic peptide sequences used for epitope mapping.

cdh5-d1-f CCGGAATTCTGGATTTGGAACCAGATGCAC
cdh5-d1-r CCGCTCGAGGAACACAGGCCAGTTGTCGTT
cdh5-d2-f CCGGAATTCACGCATCGGTTGTTCAATGC
cdh5-d3-r CCGCTCGAGGAAAATGGGGGGCTCGTC
cdh5-d4-f CCGGAATTCCAGCAGCCTTTCTACCACTTCC
cdh5-d4-r CCGCTCGAGCGGGGCATTGTCATTCTCAT
cdh5-d5-f CCGGAATTCGAGTTTGCCAAGCCCTACCAG
cdh5-d5-r CCGCTCGAGCAAGATGCTGTACTTGGTCAT

ELISA plates which were coated with the purified recombi-
nant VE-cadherin protein. After reaction for 1 h, the plate
was washed three times with PBST and HRP-conjugated goat
anti-mouse IgG (1:10,000 dilution) was added and incubated
for 1 h. After three times washing, TMB substrate was added
into each wells to develop color, and the reaction was stopped
by 2N H,SO,. The absorbance at 450 nm was measured using
a spectrophotometer (Epoch; BioTek Instruments, Winooski,
VT, USA).

Western blot analysis and RT-PCR detection of VE-cadherin
expression. To prepare cell lysate, the cells were lysed with
RIPA buffer (50 mM Tris-HCl, 1% Triton X-100, 10% glycerol,
150 mM NacCl, proteinase inhibitor cocktail) for 30 min on
ice and centrifuged at 13,000 rpm for 10 min at 4°C. The cell
lysates containing a total protein amount of 25 yg were placed
onto SDS-PAGE gels for separation and transferred onto PVDF
membranes by MiniProtean (Bio-Rad Laboratories). The
membranes were blocked with 5% non-fat milk in PBS for 2 h,
and then incubated with 2C11 (1:500 dilution) or 8 A03 (1:200
dilution) for 1 h at room temperature followed by washing three
times with PBS-T, and then incubated with HRP-conjugated
goat anti-mouse IgG (1:10,000 dilution) for 1 h. Proteins were
detected by enhanced chemiluminescence (ECL; Biological
Industries) by Kodak Medical X-ray Processer or Tanon 5200
AutoChemi Image system (Tanon Inc.).

RNA was isolated using TRIzol reagent. cDNA was
obtained using RevertAid™ First Strand cDNA Synthesis kit
(Fisher Scientific France, Illkirch-Graffenstaden, France).
Semi-quantitative RT-PCR (30 cycles) was employed to
analyze VE-cadherin gene expression using the gene-specific
forward and reverse primers: 5'-CCGGAATTCTGGATTT
GGAACCAGATGCAC-3' and 5-CCGCTCGAGCAAGATG
CTGTACTTGGTCAT-3'. The expression level of -actin was
used as the internal control.

3D cell culture. Tube-like formation in Matrigel was performed
as previously described (18). In brief, Matrigel (150 ul/well) (BD
Biosciences, Bedford, MA, USA) was added to 48-well plates
on ice and allowed to polymerize for 30 min at 37°C. Glc-82
cells and HUVECs were resuspended in DMEM containing
MAD 2Cl11, 8A03 or mouse IgG (2 pg/ml), which was plated
onto the layer of Matrigel (3x10* cells/well). Matrigel cultures
were incubated at 37°C and capillary tube formation was
photographed at various time-points. Five visual fields (up,
down, left, right and center) were randomly chosen from each
well under an inverted microscope (Carl Zeiss, Oberkochen,

Epitope Amino acid sequence
D1 QQPFYHFQLKENQKK
D2 PLIGTVLAMDPDAAR
D3 HSIGYSIRRTSDKGQ
D4 FFRVTKKGDIYNEKE
D5 LDREVVPWYNLTVEA
D6 KELDSTGTPTGKESI
D7 VQVHIEVLDENDNAP

Germany) to count the number of tube-like structures. The
area covered by the tube network was quantified by Imagel
software (National Institutes of Health, Bethesda, MD, USA).

Cell proliferation assay. Cell proliferation was assessed
using Cell Counting Kit-8 (CCK-8; Beyotime Institute of
Biotechnology, Haimen, China) as previously described (19).
Glc-82 cells were seeded in 96-well plates at a density of
5x10° cells per well. 2C11 antibody (at concentrations of 0.5,
2 and 8 pg/ml) was added into the cultured medium and incu-
bated for 24, 48 and 72 h, respectively. CCK-8 solution (10 ul)
was added into each well and incubated for 3 h at 37°C. The
absorbance at 450 nm was measured with a spectrophotometer
(Epoch; BioTek Instruments). Columns represented the mean
percentage of optical density (OD) values relative to the nega-
tive control. All measurements were performed in triplicate
and repeated at least three separate experiments.

Statistical analysis. Results are expressed as mean + SD
(range) or percent. The difference between two groups was
analyzed using the Student's paired t-test. A P-value <0.05
was considered statistically significant. All calculations
were performed using GraphPad Prism software (GraphPad
Software, Inc., San Diego, CA, USA).

Results

Expression and purification of recombinant VE-cadherin
fusion protein. The cDNA encoding the extracellular domains
(EC1 to EC5) of VE-cadherin was cloned into the pET41a
vector. The histidine-tagged fusion protein was induced in
BL21 (DE3) bacteria with 1 mM IPTG. SDS-PAGE and
Coomassie blue staining showed that the recombinant protein
was successfully expressed at a molecular weight of approxi-
mately 70 kDa and was mainly located in the precipitation
fraction. The fusion protein in the precipitation fraction was
purified by Ni**-Sepharose beads (Fig. 1).

Specificity identification of monoclonal antibodies to
VE-cadherin. The monoclonal antibody in the culture super-
natants of hybridoma cells was detected by indirect ELISA.
After two rounds of subcloning and detection, a stable positive
hybridoma clone, designated as 2C11, was chosen to produce
ascites. The monoclonal antibody in ascites was purified with
protein G Sepharose and stored at a final concentration of
0.35 mg/ml.
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Figure 1. SDS-PAGE analysis of the VE-cadherin protein fragment expressed
in BL21 (DE3). M, protein marker; lane 1, total lysate without IPTG
induction; lane 2, total lysate after | mM IPTG induction; lane 3, soluble
supernatant; lane 4, insoluble fraction after | mM IPTG induction; lanes 5-7,
purified recombinant protein. VE-cadherin, vascular endothelial cadherin.

To analyze whether 2C11 could bind native VE-cadherin,
EA .hy926 cells, HUVECs and HepG2 cell lysates were
prepared for western blot analysis. The results showed that
2Cl11 specifically recognized a protein with a molecular weight
of approximately 130 kDa in EA.hy926 and HUVEC cells, but
not in HepG2 cells. Commercial antibody 8A03 was used as a
positive control (Fig. 2A).
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To further explore the binding specificity of 2C11 antibody
to VE-cadherin, immunofluorescence and flow cytometric
analysis were performed. Flow cytometry demonstrated that
2C11 could recognize VE-cadherin located on the endothelial
cell surface (Fig. 2B). Results of the immunofluorescence
showed positive green fluorescence on the EA.hy926 cell
surface labeled with 2C11, while no fluorescence was detected
on cells labeled with mouse IgG (Fig. 2C). These results
suggest that the 2C11 antibody recognized the VE-cadherin
native protein.

Epitope mapping with synthetic peptides. To explore the
binding epitope of the 2C11 antibody, five fragments repre-
senting a different region of VE-cadherin extracellular
domain (ECI-EC5) were recombinantly expressed in E. coli.
The predicted molecular weights of the resulting recombi-
nant proteins were 45 , 45, 50, 45 and 45 kDa, respectively
(Fig. 3A). Western blot analysis showed that mAb 2C11 specif-
ically recognized the EC4 fragment (Fig. 3B) which contains
105 amino acids. Next, seven consecutive peptides, each
comprised of 15 amino acids, were synthesized (sequences are
listed in Table I). Dot blot and competitive ELISA showed that
2C11 specifically recognized the fifth peptide D5. These results
demonstrated that the D5 peptide LDREVVPWYNLTVEA
was the binding epitope of the 2C11 antibody (Fig. 3C and D).

2C11 inhibits vasculogenic mimicry formation of Glc-82
cells in vitro. Vasculogenic mimicry was observed in some
aggressive tumor cells. Surface expression of VE-cadherin

8A03

2C11

2C11

Figure 2. 2C11 recognizes the VE-cadherin protein as determined by western blot analysis, flow cytometry and immunofluorescence analysis. (A) 2C11
recognized a protein with a molecular weight of ~130 kDa in EA .hy926 cells, HUVECs, but not in HepG2 cells. (B) Flow cytometric analysis. EA.hy926 cells
were labeled with the 2C11 antibody. Mouse IgG was used as the negative control. (C) Immunofluorescence analysis of the 2C11 antibody recognized the
VE-cadherin protein in EA.hy926 cells. The commercial anti-VE-cadherin antibody 8A03 was used as a positive control in the experiments above. Data are
from three representative experiments. VE-cadherin, vascular endothelial cadherin; HUVECs, human umbilical vein endothelial cells.
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Figure 3. Epitope mapping of the 2C11 antibody. (A) The five extracellular domain (EC1 to ECS5) fragments were expressed in E. coli, respectively. Two
expression clones of each EC domain were induced: ‘“UI’ represents the uninduced empty vector, ‘I’ represents the induced empty vector. (B) Western blot
analysis showed that mAb 2Cl11 specifically recognized the EC4 protein fragment. (C) Synthetic peptides (D1-D7) were dot blotted to cellulose acetate
membrane. Result shows that 2C11 specifically recognized the D5 peptide in a concentration-dependent manner. The whole extracellular region fragment
was used as a positive control. (D) Competition ELISA displayed that the D5 peptide competitively inhibited the binding of 2C11 to the VE-cadherin protein
fragment. Data are from three representative experiments. VE-cadherin, vascular endothelial cadherin; C, control; NC, negative control.

Figure 4. Identification of VE-cadherin expression in different cell lines.
(A) RT-PCR showed that VE-cadherin mRNA was expressed in 3 out of
thelO lung cancer cell lines tested. (B) Western blot analysis showed that
2C11 recognized a protein with a molecular weight of ~130 kDa in GLc-82,
NCI-H292 and NCI-H1975 cells, but not in the other 7 lung cancer cell
lines tested. EA.hy926 endothelial cells were used as a positive control.
VE-cadherin, vascular endothelial cadherin.

on tumor cells is considered most important for VM forma-
tion. Whether the 2C11 monoclonal antibody has biological
activity on VM of tumor cells is unknown. Here we examined
several poorly differentiated lung adenocarcinoma cell lines;
among them, Glc-82 cells were found to express VE-cadherin
by RT-PCR and western blot analysis (Fig. 4A and B). Next,
we tested the effect of 2C11 on tube-like structure formation
of Glc-82 lung cancer cells. The results showed that 2C11,
but not mouse IgG and 8A03 antibody, significantly prevented
tubular network formation and reduced the size and length
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Figure 5. VE-cadherin antibody 2C11 inhibits VM structure formation
of Glc-82 lung cancer cells. Tubular network formation on Matrigel was
(A) photographed and (B) quantified at 24 h. A commercial antibody 8A03
was used as a positive control and mouse IgG as a negative control. All data
are presented as the mean + SE from three different experiments in duplicate.
“P<0.01. VE-cadherin, vascular endothelial cadherin; VM, vascular mimicry.

of the cords of Glc-82 cells (Fig. 5SA and B). These results
demonstrated that the anti-VE-cadherin mAb 2C11 inhibited
VM formation of lung cancer cells and may be promising to
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Figure 6. Effects of 2C11 on cell proliferation of Glc-82 lung cancer cells. (A) Glc-82 cells were cultured with the 2C11 antibody (0.5, 2 and 8 pg/ml) for 24,
48 and 72 h. Cell proliferation was measured by CCK-8 assay. Mouse IgG was used as the negative control. (B and C) Cells were treated for 24 h with IgG
control, 2C11 (2 and 8 ug/ml). Cell lysates were blotted with a p-AKT antibody, using GAPDH as a loading control. A representative blot is shown with the
mean densitometric analysis of all experiments. Data are represented as mean + SE from three independent experiments. “P<0.05; “P<0.01.

be developed as a therapeutic antibody for aggressive lung
cancer.

Effect of 2C11 on Glc-82 cell proliferation. To examine the
effect of 2C11 on cell proliferation, a proliferation assay was
performed using CCK-8 reagent. The 2C11 antibody was added
into the Glc-82 cell culture medium and incubated for different
time periods. Mouse IgG (10 xg/ml) was used as the negative
control. Data showed that the proliferation rates of Glc-82 cells
were slower after treatment of the 2C11 antibody compared to
the negative control (100% proliferation, Fig. 6A). The result
indicated that the 2C11 antibody inhibited the proliferation of
Glc-82 cells.

mAb 2CI1 inhibits the phosphorylation of AKT. The 2C11
antibody inhibits Glc-82 cell proliferation, while the molecular
mechanism is unknown. PI3K/AKT signaling is the classical
pathway involved in cell proliferation. In the present study, we
examined the effect of 2C11 on the AKT signaling pathway.
We found that following addition of different concentrations
of the 2C11 antibody, the phosphorylation level of AKT was
decreased (Fig. 6B and C). This result demonstrated that the
2C11 antibody inhibited Glc-82 cell proliferation via reducing
AKT phosphorylation.

Discussion

Cadherins are a family of calcium-dependent, cell-cell adhesion
molecules, which are located at adherens junctions that mediate
adhesive intercellular interactions and provide a dynamic cell-
cell contact and positional clues to cells during development.
VE-cadherin, a unique member of the cadherin family, is
expressed specifically on endothelial cells during the develop-
ment of embryo vasculature which has been shown to play a
central role in controlling endothelial monolayer integrity, junc-
tion permeability, cell growth and angiogenesis. However, the
molecular mechanism of VE-cadherin homophilic binding has

not yet been fully elucidated. Previous research has shown that
two monoclonal antibodies BV6 and Cad 5 to VE-cadherin could
increase paracellular permeability and inhibit VE-cadherin
reorganization. Epitope mapping studies defined the sequences
TIDLRY located on EC3 and KVFRVDAETGDVFAI on ECI
as the binding domain of BV6 and Cad 5, respectively (17),
indicating that EC1 and EC3 extracellular regions are important
for VE-cadherin intercellular homophilic binding. However,
whether other extracellular domains are involved in the
interaction is not yet clear. In the present study, we prepared
a monoclonal antibody (2C11) to VE-cadherin and mapped
its binding epitope to LDREVVPWYNLTVEA in the EC4
domain of VE-cadherin, and functional assays revealed that this
antibody was able to block VE-cadherin-mediated cell adhe-
sion, suggesting that besides EC1 and EC3, EC4 domain is also
critical for the molecular function of VE-cadherin.

Vasculogenic mimicry is found in certain aggressive tumors,
in which VE-cadherin plays a key role. The effect of 2C11
antibody on VM is not known. In this study, we examined the
VE-cadherin expression in several lung cancer cell lines both at
the mRNA and protein levels and found that VE-cadherin was
expressed in Glc-82 cells. Moreover, our data demonstrated
that the 2C11 antibody inhibited VM-like structure of Glc-82
cells on 3D Matrigel. Mechanistically, 2C11 may inhibit cell-
cell adhesion necessary for VM by blockage of intercellular
VE-cadherin interaction. Furthermore, 2C11 may also affect
Glc-82 cell biological functions. It has been reported that
knockdown of VE-cadherin inhibited the proliferation and
promoted the apoptosis of esophageal squamous cell carci-
noma cells (ESCCs) and osteosarcoma cells (20,21). Here we
examined the effect of the 2C11 antibody on cell proliferation
using CCK-8 assay. Our result showed that the 2C11 antibody
inhibited Glc-82 cell proliferation.

PI3K/AKT signaling is the most classic pathway involved
in cell proliferation. In vascular endothelial cells, VE-cadherin
interacts with VEGFR2 and inhibits VEGFR?2 activation and
downstream AKT phosphorylation (22). In contrast, Taddei et al
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reported that VE-cadherin clustering induced claudin-5 expres-
sion in endothelial cells by activation of PI3K/AKT signaling,
and AKT phosphorylation was reduced when VE-cadherin was
knocked down (23). Our result showed that the 2C11 antibody
inhibited phosphorylation of AKT in Glc-82 cells, which may
account for the mechanism of the growth inhibitory effect of
the 2C11 antibody on Glc-82 lung cancer.

In conclusion, we generated a novel monoclonal antibody
to VE-cadherin and mapped its binding epitope to the fourth
extracellular domain (EC4). We found that this antibody inhib-
ited vasculogenic mimicry of aggressive lung cancer Glc-82
cells, suggesting that the antibody blocked VE-cadherin inter-
cellular clustering. This is the first report to show that the EC4
domain is involved in VE-cadherin clustering. Furthermore,
we found that Glc-82 cell growth and AKT phosphoryla-
tion were inhibited by the 2C11 antibody. These results may
provide a candidate approach to control VE-cadherin-positive
aggressive tumors.
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