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Summary Hematogenous metastasis is one of the most important factors determining the out-
come of the patients with salivary adenoid cystic carcinoma (SACC). In the present study, we
examined expression profile of genes in SACC cell lines to look for molecules responsible for
its unique metastatic trait. A transcriptomic microarray analysis between the lower lung-met-
astatic rate cell line SACC-83 and the higher lung-metastatic rate cell line SACC-LM were per-
formed, and eight genes, showed by microarray to be highly expressed in SACC-LM, were
picked for validation by quantitative real-time PCR. Among the genes, the expression of epireg-
ulin, a novel member of epidermal growth factor family, was 350-folds higher in SACC-LM than in
SACC-83. Accordingly, we examined the effects of epiregulin on migration and invasion in SACC-
83 as well as its targeted downstream molecules, and found that epiregulin could promote in
vitro migration and invasion in SACC-83. Furthermore, epiregulin not only induced activation
of both ERK1/2 and Akt, but also expression of COX-2. In addition, all these effects could be par-
tially blocked by U0126, a specific inhibitor of mitogen-activated protein kinase kinase (MEK or
MAPKK), or LY294002, a specific inhibitor of phosphatidylinositol 3-kinase (PI3K). Conclusively,
the results suggest that epiregulin may play an important role in lung metastasis of SACC.
ª 2008 Elsevier Ltd. All rights reserved.

Introduction

Salivary adenoid cystic carcinoma (SACC) is an uncommon
malignant tumor characterized with neurotropic, invasive
growth and dormant distant metastasis.1,2 Despite it has a slow
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growing pattern, SACC shows intriguingly a notable biologic
ability to develop micrometastases in the very early phase.3

Previously, we established a human cell line of salivary
adenoid cystic carcinoma, SACC-83, from a patient patholog-
ically diagnosed as salivary adenoid cystic carcinoma in
sublingual gland.4 SACC-83 has a relatively lower lung-meta-
static rate that only 33.3% of the nude mice showed lung
metastases three months after injection of the tumor cells
into the tail vein of nude mice. Further, we generated a
derived cell line SACC-LM with higher lung-metastatic rate
from SACC-83 by repeating of culture and injection of the
lung metastatic tumor cells into the tail vain of nude mice.
The lung-metastatic rate was finally 85.0% for SACC-LM while
only 33.3% for SACC-83. Recently, it is believed only rare cel-
lular variants from large-scale cellular heterogeneity within
tumor populations could acquire augmented metastatic abil-
ities.5,6 Therefore, SACC-LM cells may represent the rare
augmented metastatic cells in SACC-83 populations as they
were selected from SACC-83. We hypothesized that genes
differentially expressed in the two SACC cell lines may be
responsible for the difference of their lung-metastatic
potential. Transcriptomic microarray analysis may help
screen differentially expressed genes in the two cell lines.

Epiregulin is a novel member of epidermal growth factor
(EGF) family.7 High levels of epiregulin mRNA were detected
in several human cancer cell lines, suggesting epiregulin
may be involved in cancer progression.8 In addition, epireg-
ulin has broader specificity than other EGF-like ligands.
Noticeably, it conducts a more potent mitogenic signal than
does EGF, regardless of binding to various receptor combi-
nations with lower affinity.9,10

Like many other receptor tyrosine kinases, epidermal
growth factor receptor (EGFR, also known as ErbB) depen-
dent signaling transduction is initiated by ligand binding and
mediates multiple signaling cascades. Two well studied
downstream molecules of receptor tyrosine kinases are
extracellular signal-regulated kinases 1/2 (ERK1/2) in mito-
gen-activated protein kinase (MAPK) cascades and phosphati-
dylinositol 3-kinase/protein kinase B (PI3K/AKT). ErbB1 not
only transiently stimulates the Ras-MAPK pathway, but also
couples to the Ras-PI3K-AKT pathway,whereas ErbB3 directly
activates the PI3K/AKT pathway.11 Activated ERK1/2 plays a
principal role in growth factor-MAPK cascades induced cell
proliferation and migration.12 Besides, AKT signaling path-
ways regulates diverse cellular processes, including cell pro-
liferation and survival, tissue invasion and angiogenesis.13,14

In the present study, a transcriptomic microarray analysis
between SACC-83 and SACC-LM was performed to examine
expression profile of genes. Eight genes which may be re-
lated to lung metastasis were picked for quantitative real-
time PCR validation and epiregulin was found to be most dra-
matically increased in SACC-LM. Further, the effects of epi-
regulin on cell migration and invasion in vitro as well as its
targeted downstream molecules were examined.

Materials and methods

Cell culture

SACC-83 and SACC-LM, previously established in our labora-
tory, were cultured in RPMI 1640 (Gibco) supplemented with

10% fetal bovine serum (FBS; Hyclone), 100 U/ml penicillin
and 100 U/ml streptomycin at 37 �C in a humidified atmo-
sphere of 5% CO2.

Microarray analysis

Methods for RNA extraction, labeling and hybridization for
DNA microarray analysis of the cell lines have been
described previously.15 Briefly, total RNAs of SACC-83 and
SACC-LM were extracted with Trizol reagents and cleaned
with an RNeasy kit (Qiagen). Twenty microgram aliquots
of total RNAs were transcribed to first strand complemen-
tary DNA (cDNA) using SuperScript II reverse transcriptase
(Invitrogen) with an oligo-dT primer that has a T7 RNA poly-
merase site on the 50 end, and subsequent second-strand
synthesis was carried out to obtain double-strand CDNA.
Then, the cDNAs were used in an in vitro transcription reac-
tion in the presence of biotinylated nucleotides to generate
single stranded RNAs as recommended by Affymetrix. The
biotin-labeled RNAs were fragmented and used for hybrid-
ization to Affymetrix human U133 genechips. Data were
analyzed using Affymetrix Genechip software.

Quantitative real-time PCR

Quantitative real-time PCR analysis was performed in the
SYBR� Green I assay using a 7500 Real Time PCR System
(Applied Biosystems). Two microgramme of total RNA was
applied to the SuperScript III reverse transcriptase reaction
system (Invitrogen). First-strand cDNA was synthesized in a
20 ll reaction mix with 200 U of SuperScript III reverse
transcriptase. cDNA equivalent to approximately 25 ng of
starting RNA was used in each PCR reaction. Human epireg-
ulin, COX-2, PTPRZ, ASK1, IL-20Ra, ICAM-4, AQP3, S100p
and GAPDH (as control) were amplified with Power SYBR�

Green PCR Master Mix (Applied Biosystems) under ABI Prism
7500 Relative Quantification (ddCT) System. All primers
were used at 250 nM in each PCR reaction. Amplification
conditions were 50 �C for 2 min, 95 �C for 10 min, 40 cycles
at 95 �C for 15 s, 60 �C for 1 min, followed by a dissociation
curve stage to check amplification specificity. Threshold
cycle (CT) values for specific and control genes were shown
automatically by SDS software. The changes of relative
expressions for specific genes between groups were ana-
lyzed using the DDCT Method.16

The primers of epiregulin, COX-2, PTPRZ, S100p and
GAPDH were designed as previously described.17–21 The
primers of ASK1, IL-20Ra, ICAM-4, AQP3 were designed using
Primer Premier 5.0 Software according to corresponding
mRNA sequences from the National Center for Biotechnol-
ogy Information (NCBI). All primer sequences were as
follows. Epiregulin: sense/antisense, 50-ATCCTGGCATGTGC-
TAGGGT-30/50-GTGCTCCAGAGGTCAGCCAT-30; Cox-2: sense/
antisense, 50-TGAGCATCTACGGTTTGCTG-30/50-TGCTTGT-
CTGGAACAACTGC-30; PTPRZ: sense/antisense, 50-TTAGAG-
GACAGTACATCCCCTAGAGTT-30/50-TGCTCCGACATCATCTG-
AAATT-30; ASK-1: sense/antisense, 50-TTCACACAAAACGG-
ATGTAACATT-30/50-CCTAAACAGTTATGGTCACATTTTGG-30;
IL-20Ra: sense/antisense, 50-TGATGGGCTATTCCATCTACCG-
30/50-TCCGAGATATTGAGGGTGATAAAG-30; ICAM-4: sense/
antisense, 50-ACCAGCTGCTCGACGTGA-30/50-GCCTCAGGGT-
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CACCA-30; AQP3: sense/antisense, 50-CCCATCGTGTCCCC-
ACTC-30/50-GCCGATCATCAGCTGGTACA-30; S100p: sense/
antisense, 50-TGCAGAGTGGAAAAGACAAGGAT-30/50-CCAC-
CTGGGCATCTCCATT-30; GAPDH: sense/antisense, 50-CCAT-
GGAGAAGGCTGGG-30/50-CAAAGTTGTCATGGATGACC-30.

In vitro wound closure assay

Confluent monolayers of overnight serum starved SACC cells
were scratched with a yellow pipette tip to create wounded
areas with 400–600 lm distance. For pharmacologic inhibi-
tor studies, SACC-83 was supplemented 30 min before
scratched with vehicle (DMSO), 10 lM U0126 (Promega), or
10 lM LY294002 (Calbiochem). Wounded monolayers were
then incubated for 24 h either in serum-free medium alone
or with the addition of human recombinant epiregulin (R&D
System). Wounded monolayers were photographed (40·) at
0 and 24 h after scratched. In vitro wound closure was rep-
resented by the decreased distance remaining uncovered by
cells. Average rate of wound closure was calculated as the
equation of decreased distance/incubated time. Data were
presented as mean ± standard error from three independent
experiments. To inhibit cell proliferation, parallel experi-
ments were conducted with the addition of 0.5 lg/ml of
mitomycin C. Migratory activity was assessed by the rate
of wound closure in the presence of mitomycin C, while pro-
liferative activity was determined as the rate of wound clo-
sure in the absence of mitomycin C subtracts the rate of
wound closure in the presence of mitomycin C.

Transwell invasion and migration assays

Cell invasion assays were performed using Transwell cham-
bers (Corning Costar) with a polycarbonate membrane
(6.5 mm diameter, 8 lm pore size). The membrane was
coated with 20 lg extracellular matrix (ECM) gel (Sigma–Al-
drich) before use. The lower chamber contained 10% FBS
medium alone or with addition of 2 nM human recombinant
epiregulin. The overnight serum starved cells were harvested
and seeded in the upper chambers with 1 · 105 cells/well in
serum-free medium containing 0.2% BSA. For pharmacologic
inhibitor studies, the cells were supplemented with corre-
sponding inhibitors 20 min before seeded. After incubation
for 12 h at 37 �C in 5% CO2, cells on the top surface of the
membrane were wiped off with a cotton swab, and the mem-
brane were fixed and stained with crystal violet. Cells on the
bottom surface of the membrane were examined with a light
microscope at magnification of 200·. Cells from 6 to 10 ran-
dom fields across three replicate wells were captured for
counting and the average number of invaded cells per field
represented activities of Transwell invasion assay. For cell
migration assays, the same procedure was performed, ex-
cept that Transwell chambers were not coated with ECM gel.

Western blot analysis

Western Blot analysis was performed as previously described.22

Briefly,overnight serumstarvedSACCcellswere incubated inser-
um-freemediumwith addition of 2 nM epiregulin for 0–240 min.
At selected time points, cells were washed with PBS and lysed
with lysis buffer, containing 1% Nonidet P-40, 5% sodium deoxy-

cholate, 1 mM phenylmethylsulfonyl fluoride, 100 mM sodium
orthovanadate and 1:100 protease inhibitorsmixture (Sigma–Al-
drich). The protein concentrations were determined using the
BCA assay (Pierce). Forty microgram aliquots of the protein ex-
tracts were subjected to 12% SDS polyacrylamide gel electropho-
resis and then transferred topolyvinylidenedifluoridemembrane
(Millipore).Themembranewasblocked in theblockingbuffer (5%
nonfat drymilk in TBS-T) for 1 h, probedwith primary antibodies
(1:1000 for phosphor-ERK1/2andphosphor-Akt, 1:500 forCOX-2)
in the same buffer, and incubated for at least 16 h at 4 �C. Then
the membrane was washed extensively with TBS-T, and incu-
batedwith1/5000dilutionof horseradishperoxidase-conjugated
secondary antibodies (Zymed) for 1 h. After extensive washes,
detection of the active bands was performed using the ECL kit
(Applygen Technologies Inc., China). In order to normalize the
protein loading and transfer, membranes were stripped and re-
probed in a similar process with antibodies against ERK1/2
(1:1000), Akt (1:1000), or a-tubulin (1:1000), as appropriate. Ex-
cept for a-tubulin (Santa Cruz), all other primary antibodies
including phosphor-ERK1/2, phosphor-Akt (Thr308), ERK1/2,
Akt and COX-2 were purchased from Cell Signaling.

Statistical analysis

The data are expressed as mean ± standard error and were
subjected to one-way ANOVA. Multiple means were com-
pared using Tukey’s post hoc test. P < 0.05 was considered
as statistically significant.

Results

Genes up-regulated in SACC-LM

To examine expression profile of genes associated with lung
metastatic behavior, a transcriptomic microarray analysis
between SACC-83 and SACC-LM was performed. The genes
obtained from the genechips for SACC-83 and SACC-LM pop-
ulations were filtered by a threshold of threefolds change in
expression level between the two cell lines. 1340 genes met
the criteria: 397 were up-regulated and 943 down-regulated
in SACC-LM. Among the up-regulated genes, eight genes,
which may be associated with lung metastasis, were picked
for validation by quantitative real-time PCR, as shown in
Table 1. Among them, the expression of epiregulin was
350-folds higher in SACC-LM than in SACC-83.

Epiregulin promoted migration of SACC-83 through
ERK1/2 cascade and PI3K/Akt pathway

To examine whether epiregulin could promote migration of
SACC-83, in vitro wound closure assay and Transwell migra-
tion assay were applied. In a preliminary experiment, epireg-
ulin treated SACC-83 cells showed a promoted wound closure
with maximum effect at 2 nM (data not shown). Therefore,
2 nM epiregulin was used in the following experiments.

The average rate of wound closure in the absence of
mitomycin C for SACC-LM during 24 h was 1.59-fold higher
than that for SACC-83 (P = 0.0001). When stimulated with
2 nM epiregulin for 24 h, the average rate of wound closure
for SACC-83 accelerated from 4.67 ± 0.32 lm/h to
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6.46 ± 0.36 lm/h (P = 0.0025) (Fig. 1A). Addition of mitomy-
cin C in SACC-83 exhibited a slight reduction of wound clo-
sure promoted by epiregulin (Fig. 1A), suggesting that
epiregulin accelerated wound closure would be primarily
due to promotion of cell migration rather than cell prolifer-
ation. Treatment of cells with 10 lM U0126, a specific inhib-
itor of MEK, not only totally abolished epiregulin promoted
wound closure (P = 0.0001), but also further inhibited
wound closure as compared to untreated cells (P = 0.0004)
(Fig. 1B). Treatment with 10 lM LY294002, a specific inhib-
itor of PI3 K, exhibited little effect on epiregulin promoted
wound closure (P = 0.1542) (Fig. 1B).

For Transwell migration assay, the migrated cells for
SACC-LM on the bottom surface of the membrane were
1.74-fold higher than those for SACC-83 (P = 0.004). When
stimulated with epiregulin for 12 h, the average number of
migrated SACC-83 cells per field increased from
150.2 ± 10.4 to 286.9 ± 19.0 (P = 0.016) (Fig. 2A and B).
Treatment of SACC-83 with 10 lM U0126 or 10 lM LY294002
could inhibit epiregulin induced migration by 43.5%
(P = 0.0006) and 39.5% (P = 0.0023), respectively (Fig. 2C).

Epiregulin facilitated invasion of SACC-83 through
ERK1/2 and PI3K/Akt pathway

For Transwell invasion assay, the invaded cells for SACC-LM
on the bottom surface of the membrane were 1.60-fold
higher than those for SACC-83 (P = 0.0001). When stimu-
lated with epiregulin for 12 h, the average number of in-
vaded SACC-83 cells per field on the bottom surface of the
membrane increased from 42.8 ± 2.7 to 64.1 ± 4.8
(P = 0.0001) (Fig. 2A and B). For pharmacologic inhibitor
studies, treatment of SACC-83 with 10 lM U0126 or 10 lM
LY294002 could inhibit epiregulin induced invasion by
86.7% (P = 0.0191) and 94.7% (P = 0.0109), respectively
(Fig. 2C), suggesting both ERK/MAPK and PI3K/Akt pathway
involved in epiregulin promoted cell invasion.

Activation of ERK1/2 and Akt by epiregulin in SACC-83

Phosphorylation level of ERK1/2 and Akt in SACC-83 was dra-
matically increased after the cells were treated with epireg-

Table 1 The expression profile of genes up-regulated in SACC-LM compared with SACC-83

Accession no. Gene name Abbreviation Fold differencea Fold differenceb

NM_001432.1 Homo sapiens epiregulin EREG 4.55 350.92
AY151286.1 Homo sapiens cyclooxygenase 2b mRNA,

complete cds; alternatively spliced
COX-2 4.51 7.66

NM_005980.1 Homo sapiens S100 calcium-binding protein P S100p 43.21 23.61
NM_014432.1 Interleukin 20 receptor, alpha IL-20Ra 46.50 7.16
NM_001544.2 Intercellular adhesion molecule 4,

isoform 1 precursor
ICAM-4 5.67 5.79

NM_002851.1 Protein tyrosine phosphatase, receptor-type,
Zpolypeptide 1

PTPRZ 6.64 22.16

NM_004925.2 Aquaporin 3 AQP3 5.29 6.46
NM_005923.2 Homo sapiens mRNA for ASK1, complete cds ASK1 3.04 4.92

All fold change comparing SACC-LM to SACC-83 (SACC-LM/SACC-83).
a Fold difference indicated by the microarray analysis.
b Fold difference validated by quantitative real-time PCR.

Figure 1 The effects of epiregulin on in vitro wound closure
of SACC cells. (A) The rates of wound closure for SACC cells in
the absence (gray bar) or presence (black bar) of mitomycin C
represented the migratory or proliferative activity, as
described in ‘‘Materials and methods’’. (B) In the inhibitor
assay, the rates of wound closure in the absence mitomycin C
were compared in differentially treated SACC-83 cells. Results
in A and B represented mean ± standard error of three exper-
iments carried out at least three times (* significantly promoted
wound closure without mitomycin C vs. SACC-83, P < 0.005; **
significantly promoted wound closure with mitomycin C vs.
SACC-83, P < 0.001; *** significantly delayed wound closure vs.
Group 2, P < 0.0005).
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ulin for 10 min. The increase continued at least until 1 h and
dropped back to the basal level by 4 h (Fig. 3A and B). These
results indicated epiregulin could strongly activate ERK1/2
and Akt in SACC-83.

Up-regulation of COX-2 by epiregulin in SACC-83
through ERK1/2 and PI3K/Akt pathways

The mRNA expression of COX-2 in SACC-83 was significantly
increased at 30 min after the cells were treated with epi-
regulin, quickly reached the maximum level at 1 h and
then exponentially dropped back to the basal line by 24 h

(Fig. 4A). The protein expression of COX-2 was also up-reg-
ulated by epiregulin (Fig. 4C). We could not observe any
significant change of S100p, AQP3, ICAM-4, IL-20Ra and
ASK1 in SACC-83 cells after epiregulin treatment for 24 h
(data not shown). For pharmacologic inhibitor studies, pre-
treatment of SACC-83 with 10 lM U0126 or 10 lM LY294002
for 30 min, partially inhibited epiregulin induced COX-2
mRNA expression (Fig. 4B). In addition, the inhibitors also
partially blocked epiregulin induced COX-2 protein expres-
sion (Fig. 4C), suggesting that both ERK1/2 and PI3K/Akt
pathways participated in epiregulin induced COX-2
expression.

Figure 2 The effects of epiregulin on cell migration and invasion examined by Transwell assays. (A) Light microscope showed the
migrated or invaded SACC cells on the bottom surface of the membrane. (B) The average number of cells per field represented the
migratory (gray bar) or invasive (black bar) activity during 12 h in Transwell assays. (C) For the inhibitor assay, the average number
of the migrated (gray bar) or invaded (black bar) cells was compared in differentially treated SACC-83 cells. Results in B and C
represented mean ± standard error of three experiments carried out at least three times (* significantly increased migration vs.
SACC-83, P < 0.001; ** significantly increased invasion vs. SACC-83, P < 0.05; *** significantly decreased migration vs. Group 2,
P < 0.005; # significantly decreased invasion vs. Group 2, P < 0.05).
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Discussion

Previously, two cell lines, SACC-83 with lower lung-meta-
static rate and SACC-LM with higher lung-metastatic rate,
were established in our laboratory to explore metastasis
mechanism of salivary adenoid cystic carcinoma. With com-
parative microarray analysis, 8 genes, which were up-regu-
lated in SACC-LM and considered to be related in distinct
aspects of tumor metastasis, were selected for quantitative
real-time PCR validation. Recently, epiregulin were re-
ported to participate in pulmonary metastases in some inva-
sive cancers.23,24 The present study showed that epiregulin
was 350-folds higher in SACC-LM cells than in SACC-83,
implying that overexpression of epiregulin was either a
causative factor for metastasis or just the outcome during
the SACC-LM cells acquired augmented metastatic abilities.
If it is the former, it means that epiregulin may be related to
lung metastasis of SACC. Therefore, we examined its effects
on migration and invasion of SACC-83 cells.

Epiregulin did significantly promote migration and inva-
sion of SACC-83 cells and its effects could be completely
blocked by MEK inhibitor. ERK1/2 and PI3K/Akt are main
downstream molecules in EGFR mediated signal cascades.25

As a pan-EGFR ligand, epiregulin may elicit a more potent
mitogenic signal than epidermal growth factor (EGF). Bradley
et al reported that compared with EGF or TGF-a, epiregulin
was more effective to promote ERK/MAPK activation.26 ERK
pathway plays key roles in angiogenesis, cell proliferation,

migration, invasion and metastasis.27,28 In some malignant
tumors, such as malignant mesothelioma or breast cancer,
ERK activities detected in metastatic cells and tissues were
shown to be higher comparing with the responding non-met-
astatic tumors.29,30 In SACC-83 cells, epiregulin stimulated
the increase of phospho-ERK1/2 by six folds, and epiregulin
promoted cell migration and invasion could be blocked by
MEK inhibitor, suggesting increased activation of ERK1/2 par-
ticipated in epiregulin promoted cell migration and invasion.

The role of Akt in metastasis was disputed recently. Most
researchers considered that Akt may promote progression of

Figure 3 The effects of epiregulin on activation of ERK1/2
and Akt in SACC-83 cells examined by Western Blot analysis.
Phosphorylated ERK1/2 (P-ERK1/2) or Akt (P-Akt) in SACC-83
cells treated with 2 nM epiregulin for various time was detected
and visualized by immunoblotting with phosphospecific anti-
bodies to either ERK1/2 (A) or Akt (B). Immunoblot images were
analyzed with Bandscan Image Analysis software. The signal
intensity of phosphorylated ERK1/2 or Akt was normalized the
intensity of corresponding total ERK1/2 or Akt. The data
showed fold increase over untreated SACC-83 cells (time 0).
Results represented one of three independent sets of
experiments.

Figure 4 The roles of epiregulin in upregulating COX-2 mRNA
and protein expression in SACC-83 cells. (A) Quantitative real-
time PCR showed that the relative expressions of COX-2 mRNA
in SACC-83 cells treated with 2 nM epiregulin for various time.
(B) For the inhibitor assay, the relative expressions of COX-2
mRNA at 1 h were compared in differentially treated SACC-83
cells. (C) The protein expressions of COX-2 in untreated SACC-
LM cells and differentially treated SACC-83 cells were com-
pared by Western Blot analysis. Immunoblot images were
analyzed with Bandscan Image Analysis software. The signal
intensity of COX-2 was normalized the intensity of correspond-
ing a-tubulin. The data showed fold increase over untreated
SACC-83 cells (time 0). Results represented one of three
independent sets of experiments.
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primary tumors into metastases.31,32 Nonetheless, some
publications recently challenged the traditional views to-
wards Akt. Expression of activated Akt1, potently blocked
in vitro migration and invasion of breast cancer cell lines,
and it is suggested that Akt1 may be a possible suppressor
of cancer invasion and metastasis.33,34 In the present study,
epiregulin could induce Akt activation rapidly in SACC-83
and PI3K inhibitor partially blocked epiregulin advanced
migration and invasion of SACC-83 cells, suggesting that
activation of Akt was involved in epiregulin promoted migra-
tion and invasion in SACC-83 cells. However, the Akt expres-
sion, especially ratio of Akt1 to Akt2 in general untreated
cells may reflect the real effect of Akt on metastases. Fur-
ther studies will be needed to elucidate the specific roles of
Akt in lung metastasis of SACC.

Except for ERK1/2 and PI3K, ErbB-mediated signal path-
ways also include Signal Transducers and Activator of Tran-
scription (STAT), and the phospholipase Cc (PLCc).25 PLCc
pathway is commonly associated with cell motility by
numerous growth factors including EGF.35 Besides, it is re-
ported that ErbB-mediated recruitment of JAK1/2 to phos-
phorylate STAT1 and STAT3 mainly contributes to cell
migration in primary esophageal keratinocytes.36 As a pan-
ErbB ligand, epiregulin is potential to activate ErbB com-
plexes.10 This may be partially explained why the effect
of epiregulin could just partially be blocked by ERK or Akt
specific inhibitors. The roles of STAT and PLCc signaling in
response to epiregulin need to be illuminated in the future
study.

Recently, COX-2 has been linked to various aspects of
cancer progression.37,38 COX-2 expression in human tumors
could be induced by various growth factors, cytokines,
oncogenes, and other factors.39 Overexpressed COX-2 could
induce cell migration and invasion in certain cancer
cells.40,41 In the present study, we also found that the mRNA
and protein expressions of COX-2 in SACC-LM were much
higher than those in SACC-83 and epiregulin could up-regu-
lated COX-2 expression in SACC-83 via ERK1/2 and Akt sig-
naling pathways. Those data suggest that the increased
expression of COX-2 in SACC-LM could be partially due to
higher expression of epiregulin, and COX-2 may also partic-
ipate in epiregulin promoted cell migration and invasion in
SACC-83 cells.

In conclusion, epiregulin, which was dramatically up-reg-
ulated in SACC-LM with higher lung-metastatic rate, could
promote cell migration and invasion of SACC-83 cells with
lower lung-metastatic rate through activation of ERK1/2
and Akt. The results indicate that epiregulin could be a
causative factor for SACC-LM to acquire augmented meta-
static abilities derived from SACC-83 cells.
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