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EphA2 silencing promotes growth,
migration, and metastasis in salivary
adenoid cystic carcinoma: in vitro and in vivo study
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Abstract: EphA2 is associated with tumor growth and distant metastasis in numerous human tumors. Considering
the controversial effects of EphA2 in different tumors and the lack of reports in salivary adenoid cystic carcinoma
(SACC), we evaluated the effects of EphA2 inhibition by short hairpin RNA on SACC through in vivo and in vitro re-
searches for the first time. Real-time reverse transcriptase-PCR and western blot analysis were conducted to verify
the interference effect on SACC cells. Using Cell Counting Kit-8, wound healing, Transwell and Matrigel adhesion
assays, we confirm that inhibition of EphA2 promotes the migration, invasion and adhesion ability of SACC cells. In
vivo research, we prove that silencing of EphA2 significantly accelerates tumor growth and lung metastasis ability
by establishing xenograft models in mice, including subcutaneous inoculation and tail vein injection. In addition, im-
munostaining of EphA2, E-cadherin and Slug from 40 specimens and in vitro simulation of perineural invasion (PNI)
assay imply that suppression of EphA2 partially contribute to epithelial-mesenchymal transition and enhancement
of PNl in SACC. In conclusion, all the data suggest that EphA2 may act as a tumor suppressor in SACC progression.
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Introduction

Adenoid cystic carcinoma (ACC) is a highly
malignant epithelial tumor that arises from
the secretory cells of salivary glands. ACC com-
prises approximately 1% of head and neck
tumors and 10% of all salivary neoplasms [1].
This malignant tumor possesses unique char-
acteristics, such as remarkable morphologic
heterogeneity, slow growth, indolent clinical
course, multiple local recurrence, tendency
for PNI, predilection for lethal distant meta-
stasis to lungs, and poor long-term prognosis
[2-5]. Considerable effort has been expended
to improve the management of ACC patients,
but the overall 5-, 10-, and 15-year survival
rates are 73%, 45%, and 35%, respectively [6].
Therefore, investigation of the molecular mech-
anisms underlying the development and pro-

gression of ACC and identification of novel ther-
apeutic targets are urgently needed.

Eph receptors belong to a large family of recep-
tor tyrosine kinases and consist of EphA and
EphB subgroups [7]. During embryonic develop-
ment, the interaction of Eph receptors and eph-
rin ligands plays an important role in axonal
guidance, spine morphogenesis, embryonic
patterning, and angiogenesis [8, 9]. Emerging
evidences have also recently implicated Eph
family proteins in the formation and progres-
sion in different types of cancers, such as
breast carcinoma, melanoma, oral squamous
cell carcinoma, and prostate carcinoma [10-
12]. However, the functional roles of Eph recep-
tors remain controversialand unclear. Moreover,
relatively little is known about the correlation of
EphA2 with ACC.
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Considering the clinical characteristics of
PNI and lung metastasis in ACC and the role of
Eph receptors in both neural and vascular
development [9], we hypothesized that Eph/
ephrin may be involved in the development and
progression of ACC. In our previous study, we
determined the presence of EphA2/ephrinAl
mRNA and protein in ACC [13]. In the current
study, we further investigated the in vitro and
in vivo effects of a short hairpin RNA (shRNA)
targeting EphA2 on highly metastatic salivary
adenoid cystic carcinoma cells (SACC-LM cell
line). Results demonstrated that downregula-
tion of EphA2 expression increased the in vitro
migration, invasion ability, and PNI of SACC-LM.
In vivo assay showed that EphA2-RNAi acceler-
ated tumor growth in xenograft models and
promoted lung metastasis ability. These results
indicate that EphA2 may act as a tumor sup-
pressor in SACC and a potential target for SACC
therapy.

Materials and methods
Antibodies

EphA2, E-cadherin, Slug, and Ki-67 antibodies
were purchased from Cell Signaling Technology
(Boston, USA). S-100 was acquired from ZSGB-
BIO (Beijing, China).

Cell culture

The human SACC cell line SACC-LM with great
potential of lung metastasis was obtained
from the College of Stomatology, Peking Uni-
versity, China. All cells were cultured in RPMI-
1640 complete medium (Hyclone, Logan, USA)
supplemented with 10% heat-inactivated fetal
bovine serum (Gibco, Carlsbad, USA) in a
humidified atmosphere with 5% CO, at 37°C.

Establishment of EphA2-silenced cell line

Four potential different shRNA sequences
(shRNA1, 2, 3, 4) targeting EphA2 and nega-
tive shRNA sequence (shRNA-mock) were
designed and synthesized by Genepharma
(Shanghai, China). These sequences were then
inserted into the BamHI/EcoRl restriction sites
of pGLV3/H1/GFP+ Puro lentivectors to con-
struct human EphA2 shRNA plasmids. After-
ward, 293T cells were co-transduced with len-
tiviral expression vectors and packaging plas-
mids according to the manufacturer’s instruc-
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tions (Genepharma, Shanghai, China). The plas-
mids used and the sequences of shRNA tar-
geting EphA2 and shRNA-mock are shown
in Figure 1A. Viral particles were collected
and used to infect SACC-LM cells. The infected
cells were identified by selecting and counting
with 2 pg/ml puromycin (R&D system, Min-
neapolis, USA). Transduction with lentivirus-
encoded shRNA against EphA2, we obtained
five different cellular clones, namely, SACC-
EphA2-RNAi (1, 2, 3, 4) and SACC-mock.

Real-time reverse transcriptase (RT)-PCR

Total RNA was extracted from SACC-LM, SACC-
mock, and SACC-EphA2-RNAi (1, 2, 3, 4) cells
by using TRIzol reagent (Invitrogen, Carlsbad,
USA). Gene-specific primers employed in pro-
ducing cDNA amplification were synthesized
as follows: EphA2, forward, 5-TCACACTAA-
GAGGGCAGACT-3’; reverse, 5-GAATGTTTGAC-
ACCCTCTGT-3’; B-actin, forward, 5-CATTAAG-
GAGAAGCTGTGCT-3’; reverse, 5-GTTGAAGGT-
AGTTTCGTGGA-3’ (Sangon Biotech, Shanghai,
China). Relative levels of EphA2 were obtain-
ed after normalization to an endogenous con-
trol B-actin and calculated from the standard
curve. All real-time RT-PCR tests were per-
formed in triplicate. The comparative Ct meth-
od was used for the final results.

Western blot analysis

The protein expression of EphA2 in SACC-LM,
SACC-mock, and SACC-EphA2-RNAi (1, 2, 3, 4)
cells was detected by western blot analysis.
Seventy-two hours after transduction, proteins
were harvested, loaded onto each well, and
transferred onto polyvinylidene difluoride mem-
brane (Millipore Co., Billerica, USA). The mem-
brane was blocked and subsequently incubat-
ed at 4°C overnight with indicated primary
antibodies and at room temperature for 1 h
with horseradish peroxide-conjugated second-
ary antibody (Proteintech, Wuhan, China). The
proteins were visualized with ECL plus western
blot detection reagents (Beyotime, Haimen,
China). Western blot analyses were performed
in triplicate under similar conditions.

Cell proliferation assay
Cells were seeded in 96-well culture plates,

and cell proliferation was determined after
incubation for 24, 48, 72,96 and 120 h using a
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Cell Counting Kit-8 (Dojindo, Japan). Growth
curves were generated from a colorimetric
assay. The absorbance value of each well at
450 nm was measured with a micro-plate read-
er (Thermo MutliscanMK3; Thermo Fisher
Scientific, Waltham, USA).

Migration and invasion assay

Migration assay was performed with wound
healing. A wound was made across the subcon-
fluent cells growing in a 24-well plate using a
sterilized one-milliliter pipette tip. After washing
with PBS to remove the cellular debris, the
same position along the wound of each well
was photographed at O and 24 h. Twenty-four
hours later, the rate of wound closure was cal-
culated by the following formula: [1 - (current
wound area/initial wound area)] x 100%.

Invasion and PNI assays were performed us-
ing Transwell chambers (Corning, Tewksbury,
USA) with a polycarbonate membrane (6.5 mm
diameter, 8 ym pore size). The membrane was
coated with 50 pl of 8 mg/ml reconstructed
extracellular matrix (Matrigel; BD Biosciences,
USA) prior to use. In the lower chamber, 600
pl of conditioned medium (incubating NIH3T3
cells in serum-free RPMI 1640 medium for
24 h) was employed as chemoattractant. Ex-
ponentially growing cells were harvested and
seeded into the upper chambers with 2 x 10°
cells/well in RPMI 1640 medium supplement-
ed with 1% FBS. Cells were incubated in a
humidified atmosphere at 37°C with 5% CO,
for 24 h. For the PNI assay, 25 ng/ml nerve
growth factor (NGF; R&D Systems, Minneapolis,
USA) was added into the lower chamber to
simulate the perineural environment. Invaded
cells were fixed, stained, and then counted
under a light microscope at a magnification of
400 x. Five fields of vision were randomly se-
lected and the numbers of the invaded cells
were counted. Transwell assays were repeated
at least three times under similar conditions.

Adhesion assay

Ninety-six-well plates were coated with Base-
ment Membrane Matrigel (BD Biosciences,
USA) according to the manufacturer’s instruc-
tion. Cell suspension containing 1 x 10* cells
in complete medium were seeded into each
well and incubated at 37°C for 45 min. Subse-
quently, the wells were washed with PBS, and
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the medium and non-attached cells were
removed. MTT (30 pl) was added into each well
of 96-well culture plate for 4 h at 37°C, and
then 150 pl of DMSO was employed to dissolve
the lysate of the cells. Afterward, spectrometric
absorbance of each well was measured at the
wavelength of 490 nm. The calculation of cell
adhesion rate was the same as previously
reported [14]. The assays were performed in
triplicate independently.

Tumor xenograft model

Fifteen BALB/C nude mice, which were pur-
chased from SLAC Laboratory Animal Center
(Hunan, China), were fed under SPF conditions
and randomly divided into three groups.
Approximately 200 pl of single cell suspension
(2 x 108 cells) of SACC-LM, SACC-mock, and
SACC-EphA2-RNAi was subcutaneously inocu-
lated into the right axillary fossa of the mice
from the three groups. Tumor sizes were moni-
tored every other day and measured week-
ly. Five weeks after inoculation, mice were sac-
rificed and tumor tissues were removed and
subjected to immunohistochemistry assay. Tu-
mor volume was calculated using the formula
V = mnabc/6 (a, b, and ¢ are length, width, and
height, respectively).

To investigate the effect of EphA2 silencing on
SACC-LM metastasis to lung, four-week-old
female BALB/C nude mice were randomly divid-
ed into four groups of 30 mice each. About 200
pl of cell suspension (SACC-LM, SACC-mock,
SACC-EphA2-RNAi; 2 x 10° cells) were injected
under aseptic conditions into the tail vein of
each mouse, with normal saline as normal con-
trol. Five mice randomly selected from each
group were sacrificed every week. Fresh bilat-
eral lung tissues were harvested, and then fluo-
rescence images of the lung were captured
with the in vivo fluorescence imaging system
(Maestro 2, CRI, USA) using the same parame-
ters for the excitation filter range (455 nm,
435-480 nm), emission filter range (490 nm
longpass), acquisition setting (500-720 nm in
10 nm steps). Afterward, specimens were
weighed, fixed with formalin, and embedded in
paraffin for the pathological analysis. Sections
with the maximum cross-sectional area were
used to calculate the tumor burden. In vivo
studies were approved by the ethics commit-
tees of School and Hospital of Stomatology,
Wuhan University.
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Figure 1. Effects of EphA2-shRNA on the expression of EphA2. A. The shuttle vector we used to construct lentiviral
expression vectors and the shRNA sequences inserted, including the shRNA targeting EphA2 and shRNA-mock. B.
Stably transduced SACC-LM cells were easily identified by GFP and selected by puromycin. C and D. EphA2 expres-
sion in SACC-LM, SACC-mock, SACC-EphA2-RNAI (1, 2, 3, 4) cells was detected by real-time RT-PCR, western blot
analysis. Quantity analysis of EphA2 was shown. E. Immunofluorescence assay validated the effect of EphA2-RNAI

(4). ***p < 0.001.

Immunohistochemistry and evaluation

Forty cases of clinical specimens of SACC
were provided by the Department of Oral
Pathology, School and Hospital of Stomatology,
Wuhan University. Tumor tissues were fixed in
formalin, embedded in paraffin, sectioned to
4 um, and mounted on slides. Immunohisto-
chemical staining was performed to detect
the protein expression of transplanted tumor
sections. After deparaffinization and rehydra-
tion, antigens on sections were retrieved by
boiling in 10 mM sodium citrate buffer (pH 6.0)
for 10 min. The activity of endogenous peroxi-
dases was quenched by incubation in 3% H,0,
for 20 min at room temperature. After three
washes with PBS, the slides were blocked for
30 min with 100 ul of normal goat serum for
1 h at room temperature. The slides were then
incubated with primary antibodies (E-cadherin,
Slug, S-100, EphA2, and Ki-67) at 4°C over-

1521

night and second antibodies for 1 h at room
temperature. Stained slides were visualized
using diaminobenzidine as a chromogenic sub-
strate and counterstained with hematoxylin.

E-cadherin and Slug staining were assessed
according to a score that added a scale of
intensity of staining (magnification x 200) to
the proportion of stained cells (magnification
x 40) as described in previous research [13].
The integrated optical density (IOD) value of
Ki-67 staining was calculated using a semi-
automated computerized image analysis sys-
tem (Image Pro Plus 6.0; Media Cybernetics,
Bethesda, USA). For each section, the average
IOD score was calculated from triplicate
values.

Statistical analysis

Data were treated using one-way ANOVA, two-
way ANOVA, Fisher’s exact test, Spearman rank
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Figure 2. Effects of EphA2 silencing on tumor cell behaviors. A. Invaded cells through the polycarbonate membrane
were stained and quantified, and the photographs were taken under a microscope. The up panel represented the
invasion assay and bottom panel for the PNI assay. Data in the histogram showed the differences caused by EphA2-
RNAI. B. The wound healing assay showed that EphA2 silencing promoted wound closure rate. C. The adhered cells
to Matrigel were seen under the microscope, and the adhesion rate was also shown in a histogram. *p < 0.05, ***p

< 0.001.

correlation coefficient test, and Student-
Newman-Keuls test. GraphPad Prism 5.01
(GraphPad Software, Inc., La Jolla, CA) statisti-
cal packages were used to perform statistical
data analysis and data were expressed as
mean + standard deviation. p < 0.05 was con-
sidered statistically significant.

Results

Effects of EphA2-shRNA on the expression of
EphA2

We detected the interference effect of EphA2
shRNA on EphA2 expression in the five sta-
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bly transduced groups, including SACC-mock,
SACC-EphA2-RNAi (1), SACC-EphA2-RNAi (2),
SACC-EphA2-RNAi (3), and SACC-EphA2-RNAi
(4) cell clones. The plasmids used and the
sequences of shRNA targeting EphA2 and shR-
NA-mock are shown in Figure 1A. The phase
contrast and fluorescence images after stable
transduction are shown in Figure 1B. Real-time
RT-PCR assay showed that EphA2-shRNA (1, 4)
significantly inhibited EphA2 mRNA expression
in SACC-EphA2-RNAI (1, 4) cells compared with
untransduced SACC-LM, and the inhibitory
rates were about 58.62% and 84.22%, respec-
tively (p < 0.004, Figure 1C). Western blot anal-

Am J Transl Res 2016;8(3):1518-1529
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Figure 3. Downregulation of EphA2 accelerates tumor growth in vivo. A. Representative photographs of the trans-
planted tumors and their growth curves. B and C. Immunohistochemical staining showed a remarkable reduction of
EphA2 and Ki-67 expression in the transplanted tumors from the EphA2-RNAI group. In the histogram, I0D value of
Ki-67staining represented the proliferation index in transplanted tumors. *p < 0.05, ***p < 0.001.

ysis and the quantity analysis of EphA2 also
confirmed evident decrease in EphA2 protein
expression by EphA2-RNAi (1, 4) constructs
(b < 0.001, Figure 1D). However, the mock-
transduced and SACC-EphA2-RNAI (2, 3) groups
showed no obvious difference compared with
the SACC-LM cell group, which was consistent
with the RT-PCR results (Figure 1D). By con-
trast, the SACC-mock and SACC-EphA2-RNAi
(2, 3) cells displayed no significant differences
in EphA2 mRNA level with the inhibitory rates
of 2.85%, 3.41%, and 6.98% (p > 0.05, Fig-
ure 1C). Results of western blot analysis were
consistent with those of RT-PCR (Figure 1D).
Therefore, the SACC-EphA2-RNAi (4) was se-
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lected as the experimental group with the best
interference effect. The effect of EphA2-RNAI
(4) was finally validated by immunofluorescence
assay, which also verified the above conclusion
(Figure 1E).

Effects of EphA2 silencing on tumor cell be-
haviors

The current study evaluated the effects of
EphA2 silencing on SACC-LM cell behaviors,
including cell proliferation, migration, invasion,
and adhesion ability. Transwell Matrigel assays
showed that the number of invaded tumor cells
in SACC-EphA2-RNAi group was significantly
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higher than that in SACC-LM and SACC-mock
groups under the stimulation of conditioned
medium with or without chemoattractant NGF
(p < 0.001, Figure 2A). A significant difference
existed in the number of invaded cells be-
tween SACC-EphA2-RNAi cells and those sti-
mulated with NGF (p < 0.05, Figure 2A), where-
as no significant difference occurred in the
parental and mock-transduced cells. These
results suggest that silencing of EphA2 remark-
ably increased the invasive ability of SACC-LM
cells. The results also imply a potential role
of EphA2 in PNI of ACC because silencing of
EphA2 presented much stronger invasive abi-
lity at the presence of NGF stimulation, which is
usually used as an in vitro PNI model.

As shown in Figure 2B, cells displayed a sig-
nificantly higher closure rate of about 53.2%
upon EphA2 downregulation than SACC-LM and
SACC-mock cell groups (39.5% and 40.2%, re-
spectively), demonstrating an increased mi-
gratory ability caused by EphA2 RNAi (p <
0.05). The activity of cell adhesion to extracel-
lular matrix can influence invasion and meta-
static spread in tumor progression. After incu-
bation at 37°C for 45 min, cell adhesion rates
were 0.421%, 0.362%, and 1.012% in parental,
mock-transduced, and EphA2-silenced groups,
respectively. An evident increase in the amount
of attached cells was observed in RNAI cells (p
< 0.05, Figure 2C) compared with the other two
groups, indicating the positive role of EphA2
silencing in cell adhesion. However, EphA2
knockdown exhibited no apparent effects on
tumor cell proliferation (data not shown).

Downregulation of EphA2 accelerates tumor
growth in vivo

We established xenograft models of BALB/C
nude mice to assess the effects of EphA2
knockdown on tumorigenicity. All of the 15
mice in the three groups developed detect-
able tumor nodules 7 days after inoculation.
During the observation period, the increase in
tumor volume in the EphA2 silencing group was
accelerated compared with the parental and
mock-transduced groups, whereas no signifi-
cant difference was observed between the
parental and mock-transduced groups. At the
end of the observation period (five weeks),
silencing of EphA2 resulted in a substantial
increase in the volume of transplanted tumors
(1622.19 + 307 mm?®) when compared with the
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other two groups, 582.77 + 275 mm?3 and
588.87 + 85 mm? for the parental and mock
groups (p <0.001, Figure 3A). Immunostain-
ing of the pathological sections exhibited a
remarkable reduction in EphA2 expression
level (Figure 3B), which is consistent with our
results in vitro. Furthermore, we assessed the
expression of Ki-67, a marker reflecting tumor
cell proliferation activity, through immunohis-
tochemical staining. EphA2-silencing increased
the 10D value of Ki-67 staining (210 + 13)
compared with the parental (107 + 55) and
mock-transduced (115 + 30) groups (p <0.05,
Figure 3C), indicating an increased prolifera-
tion ability. These results suggest that down-
regulation of EphA2 accelerates tumor grow-
th in vivo.

Suppression of EphA2 promotes tumor metas-
tasis to lung in vivo

Seven days after injection, lung metastatic foci
were detected using the in vivo fluorescence
imaging system. No significant differences
were found among lungs obtained from the
three cell groups. Differences were observed
on the 14th day and became increasingly sig-
nificant between lung derived from EphA2-
silenced group and the other three groups
(Figure 4D). This finding shows that EphA2-
RNAI cells resulted in more and larger lung
metastatic foci than parental and mock-trans-
duced cells. Six weeks after inoculation, all
the remaining mice were sacrificed, and their
bilateral lung tissues were then removed and
weighed (Figure 4Ai). Sections with maximum
cross-sectional area are shown in Figure 4Aii,
according to which the tumor burden was calcu-
lated. Substantial differences were observed
between the EphA2-silenced group (48.6 *
1.22%) and SACC-LM (27.9 + 1.01%) and
SACC-mock (28.8 + 2.31%) groups (p < 0.01,
Figure 4B). Measurement of lung weight
showed that transduction with EphA2-shRNA
presented a significant increase at 0.632 +
0.062 g compared with 0.374 + 0.057 g and
0.425 + 0.077 g for SACC-LM and SACC-mock
cells (p < 0.05, Figure 4C). These data strong-
ly demonstrate the acceleration of lung metas-
tasis by EphA2-RNAI.

Correlation between epithelial-mesenchymal
transition (EMT), PNI and EphA2 in SACC

Immunohistochemical analysis was conducted
to examine the expression of EphA2, Slug, and

Am J Transl Res 2016;8(3):1518-1529
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Figure 4. Suppression of EphA2 promotes tumor metastasis to lung in vivo. Ai. Six weeks after inoculation, photo-
graphs of the bilateral lung tissues derived from mice injected with SACC-LM, SACC-mock, SACC-EphA2-RNAI cells
and normal saline (N.S) were taken. Aii. Representative images showing hematoxylin-eosin (HE) staining of sections
with the maximum cross-sectional area. B. Tumor burden of lungs from SACC-LM, SACC-mock, SACC-EphA2-RNAI
groups was calculated. C. Lung weight of each group. D. Lung metastatic foci were detected by the in vivo fluores-
cence imaging system and photographed at indicated time points (1W, 2W, 3W, 4W, 5W, 6W). In each visual field,
from left to right are lungs obtained from N.S, SACC-mock, SACC-EphA2-RNAI groups, respectively. *p < 0.05, **p
< 0.01.
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Figure 5. Correlation between EMT, PNI and EphA2 in SACC. Ai. Immunostaining of EphA2, Slug, and E-cadherin
at different levels of 40 SACC specimens. Aii. Significant negative correlation existed between EphA2 and Slug
expression (p < 0.001), but no remarkable correlation between EphA2 and E-cadherin was found (p > 0.05). B. Im-
munohistochemical staining showed downregulation of EphA2 (black arrowhead) and E-cadherin (white arrowhead)
in the leader cells at the invading front into nerve, but there was no difference in Slug expression. Ci. Detection of
Slug and E-cadherin protein expression in SACC-LM, SACC-mock, SACC-EphA2-RNAi cells by western blot analysis.
Cii. Quantity analysis showed the band I0D ratio of Slug, E-cadherin and B-actin. *p < 0.05.

E-cadherin in 40 ACC specimens. As shown in
Figure 5Ai, the positive staining of EphA2 and
E-cadherin was mainly localized into the cyto-
plasm and membranes of tumor cells, whereas
that of Slug was mainly into the nuclei.
Spearman rank correlation coefficient test sug-
gested that significant negative correlation
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existed between EphA2 and Slug expression (p
< 0.001, Figure 5Aii), but no remarkable corre-
lation between EphA2 and E-cadherin (p >
0.05, Figure 5Aii). S-100 staining showed that
PNI occurred in 32 of 40 SACC specimens.
Fisher’'s exact test suggested that the expres-
sion of Slug was significantly correlated with

Am J Transl Res 2016;8(3):1518-1529
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Table 1. Correlation between Slug, E-cadherin
expression and PNI in 40 SACC specimens

Variables P! p
Yes No
Slug
0-3 2 3 0.007™
4-5 8 4
6-7 22 1
E-cadherin
0-3 1 1 0.173
4-5 12 5
6-7 19 2
Total 32 8
**p < 0.01.

PNI in all the 40 cases, whereas no significant
correlation was found between E-cadherin
expression and PNI (p < 0.01, Table 1). In 32
PNI-positive specimens, 11 cases were detect-
ed with a relatively lower expression of
E-cadherin in the leader cells at the invading
front into nerve than that of the tumor cells
around (Figure 5B). Similar to E-cadherin, down-
regulation of EphA2 also occurred at the invad-
ing front in 10 cases from the 11 specimens
(Figure 5B), suggesting that downregulation of
E-cadherin was almost simultaneous with
EphA2 suppression at the invading front into
nerve. In vitro study, EphA2-RNAi caused down-
regulation of E-cadherin, overexpression of
Slug (Figure 5Ci, 5Cii), and an accelerated inva-
sive ability toward NGF (Figure 2A). Taken
together, our in vitro and in vivo studies suggest
that suppression of EphA2 partially contributes
to EMT and enhancement of PNI in SACC.

Discussion

The interaction of Eph receptors and ephrin
ligands has been linked to cancer progression,
metastatic spread and patient survival in many
studies [10]. Over the last few years, increas-
ing evidence has implicated Eph receptors in
tumor progression [15-18], but little is known
about their role in SACC. This study is the first
to report the effects of EphA2 knockdown on
the growth and metastasis of SACC through
in vitro and in vivo experiments, indicating a
tumor suppression activity of EphA2 in SACC
tumor progression.

To investigate the role of EphA2 in SACC, we
stably transduced SACC-LM cells with EphA2
shRNA-expressing vectors. After isolation of
stable clones, EphA2 suppression led to higher
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migration, invasion, and adhesion rates of
SACC-LM cells in vitro. Moreover, EphA2 abla-
tion caused higher tumorigenesis rate, with
larger tumor volume and higher 10D value of
Ki-67 staining of the tumor section. Consistent
with the results in vitro, we also demonstrated
that silenced expression of EphA2 resulted in
more lung metastatic foci and higher tumor
burden in the distant lung metastasis assay.
Although EphA2 knockdown actively promoted
tumor growth in vivo, no evident effects were
found on tumor cell proliferation in vitro. This
disparity may be due to the different conditions
of tumor microenvironment. Guo et al. [17]
reported that tumors arising in EphA2 knockout
are more likely to develop fully invasive pheno-
type compared with tumors from wild-type
mice. Previous studies also demonstrated that
epigenetic silencing of EphAl expression is cor-
related with poor survival in colorectal cancer
[19]. Overexpression of EphB3 enhances cell-
cell contacts and suppresses tumor growth in
HT-29 human colon cancer cells, implying the
tumor suppressive activity of Eph receptors in
human cancer progression [20]. Another report
also reported the growth-inhibiting effects of
EphA2 activation after ephrinAl stimulation in
prostatic epithelial and endothelial cells [21].
The present results agree well with these
reports and suggest that EphA2 may act as a
tumor suppressor gene in local invasiveness
and distant metastasis of SACC. In fact, our
previous study showed that EphA2/ephrinAl
MRNA expression and protein production are
upregulated in ACC of salivary gland. This find-
ing may partially explain why most patients with
ACC experienced a relatively long survival time.
However, EphA2 overexpression also plays
tumor-promoting roles in conferring a malig-
nant phenotype, enhancing tumorigenic poten-
tial and increasing tumor growth, angiogenesis,
and/or metastasis in several other cancers [22-
25]. Therefore, further studies are necessary to
address the differential roles of Eph receptors
in different types of tumors in the future.

Eph receptor activation induced by ephrin
ligands inhibits migration and invasion of many
types of cancers both in vitro and in vivo, show-
ing that EphA2 forward signaling suppresses
tumor progression [26]. This result indicates
that EphA2 activation induced by ephrin may
be harmful to tumor development. In this study,
we disturbed the ligand-induced EphA2 forward
signaling by sudden silencing of EphA2 expres-
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sion. The disturbance inhibited the suppressive
signals to some extent, thus conversely pro-
moting migration and invasion of tumor cells.
This phenomenon is reported in several previ-
ous reports [20, 27].

Both EMT and MET (mesenchymal-epithelial
transition) play an important role in tumor
progression. Miao et al. [28] found that stimula-
tion of EphB3 receptor with soluble ephrinB1-
Fc promotes cell rounding, inhibits cell migra-
tion, and impairs cell-matrix adhesion. Further
study suggested that EphB3-ephrinB interac-
tion promotes MET through inactivation of the
CrkL-Racl signaling pathway [20]. Noren [29]
has recently reported that EphB4 activation
induced by ephrin-B2 suppresses tumorigenic-
ity in breast cancer by activating the Abl-Crk
pathway, and disruption of EphB4 signalling
induces several properties characteristic of
transformed cells in non-transformed mamma-
ry epithelial cells. In the present study, epigen-
etic suppression of EphA2 resulted in increase
in Slug and decrease in E-cadherin in SACC-LM
cells. Immunohistochemical study further dem-
onstrated that EphA2 expression was negative-
ly correlated with Slug expression in 40 SACC
tissue specimens. Although no correlation
was found between EphA2 and E-cadherin
expression, EphA2 downregulation was typical-
ly accompanied by a decrease in E-cadherin
expression at the invasive front of PNI-occurred
area. In addition, the EphA2-knockdown SACC-
LM cells presented active migratory ability
under the NGF chemotaxis. A previous study
confirmed that ephrinA1-Fc stimulation increas-
es the tyrosine phosphorylation of EphA2
and leads to suppression of Arfé GTPase activ-
ity and inhibition of the internalization of
E-cadherin from cell-cell contact areas, thus
stabilizing the apical-basal polarity [30, 31].
Similarly, our results proved that inhibition of
EphA2 tyrosine phosphorylation (caused by
EphA2 RNAI) attenuated E-cadherin-based cell
junctions, thereby facilitating cell metastasis.
These results partially suggest that EphA2
may contribute in tumor progression through
regulating EMT and PNI. Whether EphA2 signal-
ing promotes MET or EMT and suppresses
tumor progression through the Abl-Crk-Rho-
GTPases or some other pathways need further
investigation.

In conclusion, the results in this study suggest
that EphA2 may act as a tumor suppressor in
SACC growth, metastasis, and PNI, but the
underlying mechanisms still necessitate fur-
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ther clarification. Understanding the role and
mechanism of EphA2 in tumor progression is
helpful in designing molecular drugs for SACC
therapy.
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