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Introduction

Angiogenesis is a phenomenon which new capillaries are generated by sprouting from
pre-existing vessels. This process is not only a important for tumor growth but also a
major factor for the invasion and metastatic of malignant cells. Interaction between
tumor cells and vascular endothelium is important for cancer metastases and depends on
the function of inter-endothelial junctions.

Endothelial cell-selective adhesion molecule (ESAM) belongs to the immunoglobulin
superfamily and was found at tight junctions. It mediates homophilic interactions
between endothelial cells. ESAM plays a role in the growth of primary tumor in mice,
and has been shown to regulate endothelial permeability. In this study, we sought to
determine the role of ESAM in the hematogeneous metastasis of malignant tumors.
Experimental procedure

Cell culture

B16F10, CHO, L, LLC and EA cells were maintained in DMEM with 10% FBS and
penicillin and streptomycin.

Pulmonary hematogeneous metastasis model

B16F10 cells were injected into the tail veins of ESAM+/+ and ESAM-/- mice. After 3

weeks, the mice were sacrificed and their lungs excised. Lung metastatic nodules’s



number was counted macroscopically. For histological analyses, the lungs were
stained with hematoxylin and eosin,

Histological characterization of mouse and human tumors

In immunofluorescence, tumor sections were incubated with anti-mouse CD31 antibody
and FITC-conjugated secondary antibody. Tumor angiogenesis and vascular
morphologies were scored as vessel density, number of branch points per vessel,
number of lumens formed, and length of vessels.

Western blo&ing and immunostaining of human tumor and normal tissues were
performed using anti ESAM , anti-VE-Cadherin or anti CD31 antibody .

TUNEL assay

TUNEL assay was performed with an in situ apoptosis detection kit.

Cell stimulation assays

EA cells were cultured and stimulated with cancer medium, non-cancer medium, or
serum-free medium for 1 day. The cells were then lysed and cell proteins were
subjected to western blotting with anti-ESAM or anti-VE-Cadherin antibodies.

In vitro migration assays

Confluent EA cells on culture-disk were transfected with control- or ESAM-siRNA and

incubated for 1 day. The endothelial wound was created by scraping the monolayer

with a pipette tip. Conditioned medium or serum-free medium was added to the well.
The extent of cell migration was assessed by counting the number of cells that had
migrated into a clear area.

Proliferation, apoptosis, and tube formation assays

EA cells were seeded onto a culture disk and transfected with control- or ESAM-siRNA.
Two hours later, the culture medium was replaced with control or B16F10 medium and
incubated for 3 days. Cell proliferation was measured with the WST-1 assay.

In apoptosis assay, EA cells were seeded onto culture slide, and transfected
with control- or ESAM-siRNA. The following day, the culture medium was replaced
with control or B16F10 medium and incubated for 3 days. . The average number of
apoptotic nuclei was calculated by counting condensed, fragmented nuclei’s number
after stained with Hoechst 33258 .

In capillary tube formation assay, EA cells were plated onto Matrigel-coated
plates and transfected with control- or ESAM-siRNA. The cells were then incubated
with control or B16F10 medium for 16 hours.

Transendothelial cell invasion assay
EA cells were seeded on a Matrigel-coated transwell to form a confluent monolayer and

transfected with control- or ESAM-siRNA. B16F10 cells were placed in the upper



reservoir. The cells were incubated overnight at 37°C.  Migrated cells were stained
and calculated.

Statistical analysis

Statistical significance was determined by #test (unpaired). Data were expressed as
meantSEM and differences were considered significant at P < 0.05.

Result

ESAM is expressed in the vascular endothelium of metastatic tumors in the human lung
Immunostaining analysis showed that ESAM was expressed in the endothelium of
vascular in tumors and co-localization with CD31. Western blotting disclosed that
ESAM protein level was signiﬁcantly higher in metastatic adenocarcinoma of the lung
than in normal lung tissue.

Cancer cells induce ESAM expression

Western blotting showed a marked induction of ESAM and VE-cadherin in EA cells
exposed to cancer medium, while a non-cancer or control medium did not affect ESAM
levels.

ESAM deficiency attenuates lung metastasis of melanoma cells

Assessment of hematogeneous metastasis in the lung showed that the number of

metastatic nodules was significantly lower in ES4M-/- than in ESAM+/+ mice.

Moreover, metastatic nodules in ESAM-/- mice were smaller in size than those in
ESAM+/+ mice.
ESAM deficiency results in reduced angiogenesis and enhanced apoptosis in metastasis
Abundant blood vessels were observed in ESAM+/+ mice, while in ES4M-/- mice was
significantly reduced. ~Closer examination revealed that blood vessels in ESAM-/-
mice displayed some morphological changes: the tumor vascular were shorter and had
fewer lumens and fewer branch points compared to those of ES4AM+/+ mice.
Furthermore, there were more apoptotic cells in ES4AM-/- mice than in ESAM+/+ mice.
Endothelial migration was selectively reduced by downregulation of ESAM
In an in vitro wound healing assay, the B16F10 medium induced migration of control
EA hy926 cells to a greater extent than did the control medium. In contrast, when
ESAM was downregulated, cells hardly migrated in response to either the control or
B16F10 medium. No difference in cell proliferation and apoptosis between ESAM-
and control-siRNA transfected EA hy926 cells in response to either control or B16F10
medium.

In the presence of the B16F10 medium, control EA cells formed an tube-like
structure with an extensive network, while the formation of this structure was attenuated

when the control medium was used. In contrast, when ESAM was downregulated, the



tube-like structure was barely induced.
Endothelial ESAM expression does not affect transendothelial migration of tumor cells
Although the B16F10 cells migrated through the monolayer, there was no signiﬁcant
difference of migrated cells’s number between the ESAM- and control-siRNA
treatments.
Discussion
The findings of this study have furthered understanding of the effect of ESAM
deficiency on blood vessel morphology in tumor tissues. The absence of ESAM was
found to be associated not only with a reduction in the number of tumor vascular but
also in blood vessel morphology and apoptosis of adjacent tumor cells. We were also
able to characterize ESAM expression in metastatic tumors of humans, ESAM was
expressed in the vascular endothelium of metastatic tumors, and its expression was
increased in tumor tissues compared to that in normal tissues, which reflects the
increase of blood vessels in metastatic lesions. These findings strongly imply that the
ESAM level in tumor tissue would be a marker for its vascular density.

In this study, we have demonstrated that ESAM regulates some of these
angiogenic processes and subsequent tumor metastatis. Cancer medium-induced

endothelial migration was significantly inhibited when ESAM expression was

downregulated by siRNA transfection. However, this downregulation did not alter the

proliferation or apoptosis of endothelial cells, suggesting that endothelial migration is

selectively regulated by ESAM. Thus, cancer medium-induced endothelial migration

is, at least in part, mediated by ESAM expression in endothelial cells. In view of the

presence of ESAM in intercellular junctions of endothelial cells, it is reasonable to

speculate that ESAM may contribute to the assembly of junctional complexes required

for the association of endothelial cells in the tumor vessel wall. In support of this

hypothesis, we found that ESAM expression was directly related to the formation of the

tube-like network in the presence of metastatic tumors.

Our findings indicate that tumor cells may release unidentified growth factors

which induce the expression of ESAM in endothelial cells. In a preliminary study, we

examined whether well-known growth factors increase ESAM expression in human

umbilical vein endothelial cells and found, as far as we could determine, that none of

VEGF, HGF, EGF, insulin or phorbol esters affected ESAM expression.

We have demonstrated that ESAM does not contribute to the transendothelial

migration of tumor cells. This means that, during tumor metastasis in ESAM-/- mice,

the attenuation of angiogenic processes may overcome the increase in endothelial

permeability. We therefore, speculate that, in the absence of ESAM, the reduced



vasculature in the primary lesion may prevent the tumor cells from entering the
circulation, and that the attenuated angiogenesis in the metastatic lesion may inhibit
tumor cells growth.

To summarize, we have managed to identify the role of ESAM in tumor
angiogenesis and metastasis by using a lung metastasis model. ESAM expression
appears to be induced in tumor tissues, and promotes the endothelial angiogenic
processes. In particular, ESAM plays a crucial role in endothelial cell migration and
tube formation, which is induced by the interaction with cancer cells. The findings of
our study have provided a novel insight into the pathogenesis of tumor angiogenesis and
indicate that ESAM could well be a candidate molecule for antiangiogenic therapeutic

strategy for malignant tumors.
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