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Soluble form of ephrinB2 inhibits xenograft growth
of squamous cell carcinoma of the head and neck
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Abstract. The ephB4-ephrinB2 system plays an important
role in the interaction of tumor cells with endothelial cells
(ECs). To assess the role of ephB4 in the in vivo growth of
head and neck squamous cell carcinoma (HNSCC), we used
ephrinB2-Fc, a fusion protein consisting of the extracellular
domain of ephrin-B2 and the Fc portion of human IgG1, as
the soluble ligand for ephB4. EphrinB2-Fc injection into
HNSCC xenografted mice significantly suppressed xenograft
growth, accompanied by a decrease in vessel cross-sectional
area, but there was no change in vessel number. EphrinB2-Fc
injection also induced the formation of mature blood vessels
rich in a-smooth muscle actin positive pericytes in the
xenograft tissue. In vitro assays revealed that ephrinB2-Fc
inhibited the proliferation of human umbilical vein ECs
(HUVECS) but not tumor cells. Furthermore, real-time
quantitative RT-PCR showed that ephrinB2-Fc down-regulated
matrix metalloproteinase-2 mRNA expression in HUVECs
and vascular endothelial growth factor-A in tumor cells.
These data suggest that treatment with ephrinB2-Fc, the
soluble ligand of ephB4, inhibited the growth of HNSCC
through vessel maturation/stabilization, preventing leakiness
and endothelial sprout formation.
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Introduction

Head and neck (HN) cancer is the sixth most frequent cancer
worldwide, accounting for about 5% of all cancers, with an
estimated 500,000-900,000 newly diagnosed individuals
each year (1,2). Squamous cell carcinoma (SCC) represents
90% of HN cancers (3). Despite significant advances in
multidisciplinary treatments consisting of surgery, chemo-
therapy and radiotherapy to treat HNSCC, there has been
little improvement in prognosis, due to the relapse of advanced
locoregional tumors, distant metastases and secondary
primary tumors. The development of new anti-tumor agents
requires the identification of novel molecular targets.

Eph receptors and their ligands, the ephrins, are crucial
in vasculogenesis and angiogenesis. The eph receptors can
be divided into two subclasses, ephA (A1-A8, A10) the
glycosylphosphatidylinositol-anchored type receptors, and
ephB (B1-B4, B6) the transmembrane and tyrosine kinase
type receptors. EphA and ephB receptors specifically bind to
ephrinA (A1-AS5) and ephrinB (B1-B3), respectively (4).
EphB4 is a member of the largest known family of receptor
protein tyrosine kinases, consisting of at least 14 distinct
receptors and at least eight ligands (4). EphB4 and its ligand
ephrinB2 are normally expressed on venous and arterial
endothelial cells (ECs), respectively, and they are involved in
vascular network assembly and vessel maturation (5-7).

Epithelial tumor cells have been shown to express ephB4,
and high levels of expression are associated with advanced
stage and poor prognosis of patients with uterine, endometrial,
colorectal, and prostate cancer (8-12). In contrast to these
clinical findings, ephB4 receptor activation has been reported
to suppress tumorigenicity in breast cancer cells (13) and
mouse melanoma cells (14). In addition, treatment of ECs
with soluble ephB4 has been found to increase cell proliferation
and in vitro invasion through matrigel (15,16), suggesting
that ephrinB2 on ECs are associated with tumor growth
through angiogenesis. In HNSCC, down-regulation of ephB4
expression by small interfering RNA (siRNA) or antisense
oligonucleotides has been shown to inhibit cell growth,
migration and invasion in vitro, as well as growth in vivo (10).
Thus, the exact role of the ephB4-ephrinB2 system in tumor
tissue remains to be elucidated. We therefore assessed the role
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of ephB4 in tumor growth using ephrinB2-Fc, which activates
ephB4 signaling and blocks ephrinB2 reverse-signaling.

Materials and methods

Reagents. Chimeric ephrinB2-Fc protein was purchased from
R&D Systems, Inc. (Abingdon, UK) and the control human
IgG Fc fragment was from Jackson Laboratory (Bar Harbor,
ME, USA). Monoclonal anti-Ki-67 antibody and monoclonal
anti-a-smooth muscle actin (¢SMA) for immunohistochemistry
were from Dako (Carpenteria, CA, USA), and monoclonal
anti-CD31 from BMA Biomedicals (Augst, Switzerland).

Cells and cell culture. Twelve human HNSCC cell lines were
used: YCU-H891 (hypopharynx); YCU-M911 and YCU-M862
(oropharynx); YCU-L891 and KCC-L871 (larynx); YCU-
T891,KCC-T871, YCU-T892, KCC-T873, KCC-TCM902 and
HSC-3 (tongue and oral floor); and KCC-MS871 (maxillary
sinus). HSC-3 cells were obtained from the Japanese Cell
Resources Bank (JCRB). Other cell lines were established in
the Department of Otorhinolaryngology, Yokohama City
University School of Medicine and the Research Institute,
Kanagawa Cancer Center as described (17,18). All cell lines
were maintained in RPMI-1640 medium (Life Technologies
Inc., Tokyo, Japan) supplemented with 10% fetal bovine
serum (FBS), 2 mM glutamine, 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C in a humidified atmosphere of
5% CO, and 95% air. Human umbilical vein ECs (HUVECs:)
purchased from Cell Applications Inc. (San Diego, CA, USA)
were maintained at 37°C in ECGM no. 211-500, a modified
MCDB131 medium supplemented with FBS, epidermal
growth factor (EGF), basic fibroblast growth factor and
hydrocortisone optimized for HUVEC culture, excluding
platelet-derived growth factor and vascular endothelial growth
factor (VEGF), in humidified air containing 5% CO,. HUVECs

were used between passages three to five.

Cell proliferation assay. Cells were plated on 96-well culture
plates at a density of 4x103 cells/well for tumor cell lines or
1x10* cells/well for HUVECs. The following day, the culture
medium was changed to serum-free medium. The serum-
starved cells were treated with various concentrations of
ephrinB2-Fc or human IgG-Fc fragment (control) for 72 h;
the cells were treated with 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) reagent, and their
absorbance was measured at 540 nm to determine relative
viable cell numbers.

Quantitative reverse transcription-polymerase chain reaction
(RT-PCR). Cells were grown until nearly confluent in RPMI-
1640 supplemented with 10% FBS. Total RNA was isolated
using Isogen® (Nippon Gene, Toyama, Japan), reverse-tran-
scribed using AMV Reverse Transcriptase XL (Invitrogen,
Carlsbad, CA, USA) and amplified by SYBR®Green ER
gPCR super mix universal kit with specific primers (Table I)
using a real-time PCR apparatus (Stratagene®MX3000P),
according to the manufacturer's instructions. The amplification
procedure consisted of one cycle of 50°C for 2 min and 95°C
for 10 min, followed by 50 cycles of denaturation at 95°C for
15 sec and annealing and extension at 60°C for 60 sec.
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VEGF quantitation by enzyme-linked immunoabsorbent assay
(ELISA). HNSCC cells were plated on 24-well culture plates at
a density of 2.5-8.0x10* cells/well. On the following day, the
culture medium was changed to serum-free medium and the
cells were cultured overnight. The serum-starved cells were
treated with 4 ug/ml ephrinB2-Fc or human IgG Fc fragment
(control) for 48 h, and the VEGF-A concentration in the
conditioned medium was determined using a VEGF ELISA
assay kit (R&D Systems, Minneapolis, MN, USA) according
to the manufacturer's protocol.

Mice and tumor xenograft model. Female immunodeficient
Balb/c nu/nu mice (6-week-old) were purchased from Oriental
Yeast (Tokyo, Japan) and maintained at the Laboratory Animal
Facility of Yokohama City University School of Medicine
(Yokohama, Japan). All animal experiments were approved
by the Animal Experiment Committee of Yokohama City
University School of Medicine, and were in accordance with
the guidelines for animal experiments.

YCU-H891 cells (1x107) were subcutaneously injected into
the right flank of each mouse. Tumor growth was measured
twice weekly, and tumor volume was calculated according to
the following formula: 0.5 x a x b?, where ‘a’ and ‘b’ are the
largest and smallest lengths of the tumor, respectively. On
day 7 after cell implantation (tumor volumes, 50-100 mm?),
the tumor-bearing animals were randomly divided into 2 groups
(n=6 mice per group). EphrinB2-Fc or control-Fc (1 mg/kg)
was intraperitoneally injected twice weekly for 4 weeks, and
the animals were sacrificed under deep anesthesia. A portion
of each tumor tissue was embedded in optimal-cutting-
temperature-embedding (OCT) medium (Tissue-Tek, Sakura
Finetek, Tokyo, Japan) and snap-frozen in liquid nitrogen for
histological analysis.

Immunohistochemical analysis. Frozen sections (5-um thick)
of tumor tissues were fixed in cold acetone, blocked with 2%
goat serum and 1% bovine serum albumin in phosphate-
buffered saline, and stained with the appropriate primary
antibodies (Ki-67, 1:50 dilution ratio; CD-31, 1:400; aSMA,
1:50 dilution). Tissue samples were further treated with
biotin-conjugated secondary antibody, avidin-conjugated
peroxidase, and 3,3'-diaminobenzidine substrate (Vector
Laboratories, Inc., Burlingame, CA, USA). Seven randomly
selected fields in each sample were examined by light-
microscope at x100 (middle power field, MPF) or x400 (high
power field, HPF) magnification. Apoptosis was evaluated in
frozen sections using the In situ Apoptosis Detection Kit
(Takara Bio Inc., Shiga, Japan), according to the manufacturer's
instructions.

Statistical analysis. Groups were compared using paired
Student's t-tests. A p<0.05 was considered statistically
significant.

Results

Inhibition of HNSCC growth by ephrinB2-Fc treatment in vivo.
To clarify the role of ephB4 and ephrinB2 in the in vivo
growth of HNSCC, mRNA levels of ephB4 and ephrinB2 in
11 HNSCC cell lines were assayed by quantitative RT-PCR.
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Table I. PCR primers.
Gene Sequence (5'-3") Fragment
size (bp)

EphB4 Forward: TTCGGCCAGGAACATCACAG 200
Reverse: CCGATGAGATACTGTCCGTG

EphrinB2 Forward: GGAAGAAGTTCGACAACAAGTCC 182
Reverse: TTCAGCAAGAGGACCACCAGCGT

VEGF-A Forward: GCTACTGCCATCCAATCGAG 164
Reverse: TGGTGATGTTGGACTCCTCA

MT1-MMP Forward: GGGTACTCTGTGGTAGGG 89
Reverse: CTCCCGCACTGCTGTTTGTT

MMP2 Forward: TCGCACACCACATCTTTC 68
Reverse: TGGGCAACAAATATGAGAGCTG

GAPDH Forward: CACCCAGAAGACTGTGGATG 151

Reverse: AGGCCATGCCAGTGAGCTTC
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Figure 1. EphB4 and ephrinB2 mRNA expression in HNSCC cell lines. EphB4 and ephrinB2 mRNA expression was determined by real-time RT-PCR in 11
HNSCC cell lines. The level of each mRNA was normalized relative to GAPDH mRNA.
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Figure 2. EphrinB2-Fc inhibition of the growth of YCU-H891 xenografts
in vivo. YCU-H891 cells were subcutaneously injected into the back skin of
Balbc nu/nu mice. Tumor-bearing mice were treated with 1 mg/kg ephrinB2-
Fc (o) or control-Fe (o) twice weekly, and tumor volumes were measured
every 3 or 5 days. Error bars, SD (n=6); “p<0.05 (Student's t-test).

Although expression levels varied, all cell lines expressed
mRNA encoding ephB4 and ephrinB2 (Fig. 1).

We then evaluated role of ephB4-ephrinB2 system on the
growth of HNSCC xenograft in nude mice using chimeric

ephrinB2-Fc. Treatment with ephrinB2-Fc significantly
decreased tumor growth compared with control-Fc (Fig. 2).
Immunohistochemical analysis of the tumor sections showed
that ephrinB2-Fc administration reduced the Ki-67 labeling
index 34% (Fig. 3A and B), but had no effect on apoptosis
(by TUNEL assay) (Fig. 3A) or CD31 positive vascular density
(Fig. 4A and B). Interestingly, ephrinB2-Fc significantly
reduced the cross sectional area of CD31 positive vessels
(Fig. 4A and C) and significantly increased the ratio of
aSMA positivity compared with mice treated with control-Fc
(Fig. 4A and D). These findings indicated that administration
of ephrinB2-Fc induced pericyte-rich maturation without
affecting the formation of new blood vessels.

Effect of ephrinB2-Fc treatment on proliferation of HNSCC
and HUVEC: in vitro. To understand the mechanism by which
ephrinB2-Fc reduced the growth reduction of xenografts, we
treated HNSCC cells and HUVECSs with ephrinB2-Fc in vitro.
Treatment with ephrinB2-Fc reduced the growth rate of
HUVECs (Fig. 5A), but not of 3 HNSCC cell lines (Fig. 5B),
suggesting that ephrinB2-Fc reduces xenograft growth by
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Figure 3. Administration of ephrinB2-Fc inhibits proliferation but not apoptosis in YCU-H891 xenografts. Tumor-bearing mice were sacrificed under
overdose anesthesia. Frozen tumor tissues were sectioned at 5 ym and analyzed by HE staining (x400) (A, upper panels), immunocytochemistry using anti-
Ki-67 antibody (x400) (A, middle panels; B), and TUNEL to detect apoptotic cells (x400) (A, lower panels; C). Bar, 50 ym; error bars, SD (n=6); ‘p<0.05
(Student's t-test).
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Figure 4. Administration of ephrinB2-Fc decreases vessel cross sectional area but not vessel density in YCU-H891 xenografts. Tumor-bearing mice were
sacrificed, and frozen tumor tissues were sectioned at 5 ym and stained with HE (A, upper panels) and analyzed by immunocytochemistry using anti-CD31
antibody and anti-aSMA antibody to detect ECs and pericytes, respectively. MPF, middle power field (x400); HPF, high power field (x100); Bar, 50 ym;
error bar, SD (n=6); "p<0.05; “p<0.001 (Student's t-test).
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Figure 5. EphrinB2-Fc does not affect proliferation of HNSCC cell lines but
reduces proliferation of HUVECs. HUVECs (1x10* cells/well) or tumor cells
(4x10° cells/well) were inoculated into 96-well culture plates, incubated
overnight, serum-starved, and treated with ephrinB2-Fc or control-Fc for
3 days. Relative viability was determined following MTT incorporation.
A, HUVECs; B, YCU-H891 cells; error bars, SD (n=4); "p<0.05 (Student's
t-test).

inhibiting the maturation of tumor vessels.

EphrinB2 reverse-signaling in HUVECs. To examine role of
reverse-signaling in HUVECsS, ephrinB2 signaling in HUVECs
was blocked by adding ephrinB2-Fc. Quantitative RT-PCR
analysis revealed that ephrinB2-Fc downregulated the steady
state levels of VEGF-A, MT1-MMP and MMP2 mRNAs to
34.8, 28.3 and 28.7%, respectively, of their levels in the
absence of ephrinB2-Fc (Fig. 6). The reduction in MMP2
mRNA expression was statistically significant.

EphB4 signaling in HNSCC cells. When tested the effect of
ephrinB2-Fc on VEGF-A secretion in YCU-H891 cells in vitro,
we found that ephrinB2-Fc reduced secretion 20% (Fig. 7). To
determine whether this reduction was restricted to YCU-H891
cells, we tested 6 additional HNSCC cell lines. In three of
these cell lines, ephrinB2-Fc decreased VEGF-A secretion
significantly (Fig. 7), suggesting that ephrinB2-Fc treatment
reduces tumor growth by inhibiting ephrinB2 signaling leading
to maturation of early stage cells.

Discussion

In the present study, we have shown here that treatment with
ephrinB2-Fc, which activates ephB4 signaling but suppresses
reverse-signaling of ephrinB2, inhibits the growth of HNSCC
tumor xenografts in vitro without affecting the growth of
HNSCC cell lines. EphrinB2-Fc significantly reduced the
Ki-67 labeling index but had no effect on apoptotic index,
suggesting that ephrinB2-Fc affects vessel formation rather
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Figure 6. Expression of angiogenesis-related factors in HUVECs. Cells were
treated with ephrinB2-Fc or control-Fc for 24 h. Total RNA was purified and
reverse-transcribed. Expression of angiogenesis-related factor mRNAs
(VEGF-A, MT1-MMP, MMP2) in HUVECs was examined by quantitative
PCR. The results shown are representative of three independent experiments.
Error bars, SD (n=3); "p<0.05 (Student's t-test).

than acting directly on tumor proliferation. Treatment with
ephrinB2-Fc induced formation of matured narrow vessels,
whereas treatment with control-Fc alone led to xenograft
vessels with unstable structures and wide cross-sectional
areas. MTT assays showed that ephrinB2-Fc reduced the cell
proliferation of HUVECs compared with cells treated with
control human IgG. Furthermore, ephrinB2-Fc significantly
reduced the steady state levels of expression of MMP2 mRNA,
a marker of angiogenesis-related gene expression. Similarly,
activation of ephB4 by ephrinB2-Fc was found to inhibit
the VEGF-A-induced migration of human microvascular
endothelial cells, whereas activation of ephrinB2-reverse
signaling by ephB4-Fc did not (19). We also found that aSMA-
positive pericytes were closely associated with endothelial
cells in ephrinB2-Fc-administered xenograft tissue. Pericyte
aSMA expression is a common feature of tumor tissue, and
pericytes are tightly associated with endothelial cells in
normal tissue but loosely in tumor tissue (20). Therefore,
coverage status of the vessels with pericytes (aSMA-positive
cells in tumor tissue) is regarded as a parameter for the
maturation of blood vessels. EphrinB2-Fc administration
increased aSMA expression in unstable large vessels,
suggesting that ephrinB2-Fc induced vessel maturation in



326 KIMURA et al: EphrinB2 INHIBITS XENOGRAFT GROWTH OF SQUAMOUS CELL CARCINOMA
YCU-H891 YCU-L891 KCC-TCMS902
140 - 140 - 160 -
§~120 * §~120 §- 140 *
L2100 T 82400 [ L1201 o
og og o< 100 |-
ey 80 2% 80 1 P B
R 00 60| 00
> W > W >W 60 -
== & == = ==
55 0L 5 0L 55 a0
e 20} 2 20| e 20}
0 0 0
Control-Fc ephrinB2-Fc Control-Fc ephrinB2-Fc Control-Fc EphrinB2-Fc
0  YCU-MO11 YCU-T891 KCC-T873
* % 160 140 - NS
& 120 | = = NS =
g; - o.-.M'D o.-.120 -
o< 100 | gR120F gL 100 [ ~
85 o S0l Bl
o8 60 |- wik 80 al
Su 0@ o® 60|
s> 40 b 2 60 s
o => == 40 -
$° 20| 35 YOr 35
& " e 20F x 20fF
u i i 0 2
Controt¥e  EpheinB2Fe Control-Fc __ EphrinB2-Fc Control-Fc __ EphrinB2-F¢
KCC-MS871
140 NS
E- hod N 5 Figure 7. Secretion of VEGF-A by 7 HNSCC cell lines. Cells were
25 100 |- incubated in a 24-well culture plate with or without ephrinB2-Fc for 2 days.
SE 80 |- Secretion of VEGF-A into the conditioned medium was assayed by ELISA.
:E 60 |- The results shown are representative of three independent experiments.
%:- a0k Error bars, SD (n=3); “p<0.05 (Student's t-test).
E"" 20 |
Control-Fc EphrinB2-Fc

HNSCC. Induction of blood vessel maturation by
introduction of angiopoietin-1 expressing vector has been
reported to reduce the growth in A431 cell (originated from
uterine carcinoma)-xenografted models (21). Because
maturation of blood vessels rich in pericytes increases
stability and prevents leakiness, failure of endothelial sprout
formation and leakiness are thought to inhibit angiogenesis
and nutrition and oxygen supply in tumor tissue. Although
vessel density was not altered, longer treatment with
ephrinB2-Fc may reduce vessel density because stable
vessels prevent sprout formation.

Although ephrinB2-Fc has been shown to inhibit the
proliferation and/or migration of HUVECs and other endo-
thelial cells (ECs) in vitro and in vivo (19,21-24), ephrinB2-Fc
has also been shown to induce the proliferation and migration
of ECs (15,25). These discrepancies may be due to the specific
cell type of ECs (i.e., umbilical vein versus microvascular) or
the balance between ephB4 signaling and ephrinB2 reverse-
signaling. In assessing the induction of angiogenenesis by
ephrinB2-Fc using mouse corneal assay in vivo, ephrinB2-Fc
was found to be a chemoattractant, suggesting that its chemo-
tactic activity depended on its concentration gradient (15). In
our model, however, ephrinB2-Fc inhibited angiogenesis,
suggesting that ephB4-ephrinB2 signaling may depend on
cell type or microenvironment, including levels of growth
factors such as VEGF-A (19).

Most patients with advanced stage disease show high

levels of ephB4 expression, whereas the ephB4 suppression
of tumorigenicity was strongly associated with EGF receptor
signaling in HNSCC cell lines (10). Although EGF receptor
is frequently over-expressed in HNSCC (26-28), our survey
of 17 HNSCC cell lines showed strong expression in 3,
moderate expression in 5 and slight expression in 9 (18). In
addition, YCU-H891 cells, which were used in this study,
expressed very low levels of EGF receptor protein. Thus,
the presence of EGF and/or VEGF may alter the effects of
ephB4/ephrinB2 signaling on the growth of HNSCC cells.
Similarly, two different ligand-signals have been reported
to orchestrate other cellular functions: e.g., angiopoietin-2
antagonizes the function of angiopoietin-1 in the absence of
VEGF but facilitates vascular sprouting in the presence of
VEGF (29); VEGF-A-induced proliferation and migration of
ECs are suppressed by ephrinB2-Fc through inhibition of
Ras/MAPK signaling cascades (22).

Proteolytic degradation of basement membrane and
migration of ECs are involved in endothelial sprout formation,
the first step of angiogenesis (30-34). MMP2 and the MT1-
MMP system are extremely important for the regulation of
angiogenesis via VEGF-A (35-38). We found that activation of
ephB4 by ephrinB2-Fc in vitro inhibited VEGF-A production
not only in YCU-H891 cells, but in the other six cell lines
examined. Moreover, this down-regulation was also observed
in the xenograft model. Thus, our findings suggest that
ephrinB2-Fc suppresses tumor growth through activation of
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ephB4, reducing VEGF-A expression in tumor cells and
concomitantly inhibiting reverse-signaling of ephrinB2 in
ECs, leading to the maturation of blood vessels. Although
most patients with advanced stage disease showed ephB4
expression, the number of patients surveyed was limited, and
little was known regarding their clinicopathological condition
(10). In addition, this study showed that ephB4 had no effect
on EGFR-negative patients, is similar to our model. Therefore,
a larger number of patients should be surveyed to determine
the exact role of ephB4-ephrinB2 signaling on HNSCC.

In conclusion, we showed that ephrinB2-Fc treatment

reduced the growth of xenografts by decreasing EC production
of VEGF and by reducing vessel density, as well as by
increasing vessel maturation. Therefore, treatment with
ephrinB2-Fc, the soluble ligand for ephB4, may be an efficient
therapeutic strategy for patients with advanced HNSCC.
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