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Abstract. Cadherins are found in almost all living organisms.
In addition to their role in the formation and maintenance of
normal tissue architecture, cadherins seem to play a crucial
role in the cell-cell interactions of cancer cells in tumorigen-
esis, invasion and metastasis. The aim of the present study was
to identify the role of CDHI12 in the invasion and metastasis
of salivary adenoid cystic carcinoma (SACC). Real-time
PCR results showed that CDHI12 is abnormally expressed in
the highly metastatic SACC cell line ACC-M, compared to
ACC-2, a SACC cell line with low metastatic ability. CDH12
expression was significantly higher in clinical samples with
metastasis and recurrence than in those without metastasis
and recurrence (P<0.05), as demonstrated by immunohisto-
chemical analysis. Overexpression of the CDH12 protein in
ACC-M cells infected with an adenovirus vector containing
CDHI12 enhanced the invasive and migratory ability of
ACC-M cells in vitro compared to ACC-M cells infected
with empty vector. Likewise, knockdown of CDH12 by
small interfering RNA efficiently inhibited the invasion and
migration of ACC-M cells in vitro. These results indicate
that CDH12 may play an important role in the invasion and
metastasis of SACC.

Introduction

Salivary adenoid cystic carcinoma (SACC) is one of the most
common malignancies of the salivary gland. Biological
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properties of this carcinoma include aggressive growth,
nerve and blood vessel invasion, distant metastases and high
rates of recurrence, which result in poor patient survival.
Surgical resection with adjuvant local radiation is the
mainstay of treatment. Kokemueller er al reported that 74
patients with this disease had a relatively favorable 5-year
overall survival rate (71%) after treatment with surgical
resection and local radiation at their department. However,
their 10- and 15-year survival rates were poor (54 and 37%,
respectively) (1).

Cadherins are calcium-dependent cell-cell adhesion
molecules that constitute a large superfamily that is involved
in the formation and maintenance of histo-architecture
(2). In addition, cadherins appear to play an important role
in tumorigenesis, invasion and metastasis (3-5). Lu et al
have generated gene expression profiles of SACC high
and low metastasis cell lines using restriction fragment
differential display-PCR (RFDD-PCR), which can screen
related differentially expressed genes more accurately and
efficiently (6). Using this method, we found that 14 genes of
the Cadherin family are abnormally expressed in the highly
metastatic SACC cell line ACC-M, indicating a potential
role of cadherin family members in SACC invasion and
metastasis.

The key members of the cadherin family include E-cadherin
(encoded by CDHI), N-cadherin (encoded by CDH2 and
CDHI12), VE-cadherin (encoded by CDHS5), R-cadherin
(encoded by CDH4) and P-cadherin (encoded by CDH3),
which exhibit different tissue distributions. Cadherins are
the key transmembrane components of adherens junctions.
They are composed of three segments: an extracellular domain
responsible for cadherin-cadherin interactions; one transmem-
brane domain; and a highly conserved cytoplasmic domain
that associates with actin filaments and serves to connect
the outside of the cell to the cytoskeleton. In view of the
important role of cadherins in the maintenance of normal
tissue architecture, it is not surprising that cadherins are also
involved in carcinoma progression. However, the effects of
cadherin family members, especially CDH12, on SACC inva-
sion and metastasis are currently poorly understood. In this
study, we investigated the role of CDH12 in SACC invasion
and metastasis.
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Table I. Ten types of cadherin genes and internal reference primers for real-time PCR.
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Gene Accession no. Forward Reverse

ACTB NM 001101 CCTGGCACCCAGCACAAT GGGCCGGACTCGTCATACT
CDHI1 NM004360.3 GCTTCCCTCTTTCATCTCCTGA GCCACATTTTCTTCTTGCTCCT
CDH2 NMO001792.3 TAATGACAATGCCCCTCAAGTG CAGCACAAGGATAAGCAGGATG
CDH3 NMO001793 4 AGGAATGTGGGCAGTTTGACTT ATAGCAACGCAACAGGGAAAAT
CDHS8 NMO001796.2 GGGCGAACTCTACTCTGTTGGT TCTTTGTCTGTGGTGGTCAGGT
CDH9 NM0016279.3 CAGATTCGCTCAGTTCTTTGGA TTTCCTTCCGAGATTGTTAGGC
CDH10 NMO006727.2 AAATGTATGGTGGTGGGGAAAG GGCTTGTTTGTGAGGTTGCTTA
CDH12 NMO004061.3 ACCACAGCCACAGCAGACTTTA GCCTGAGCACGAAGAGTGTAGA
CDH13 NMO001257.3 AAGCAAGGTGGGTGGAAACTAA GTGGATTCGGGACACATACAAA
CDHI19 NMO021153.2 TAATGAGTTGGGACCTCGCTTT GGTTGTATTGATGCCTGTGAGC
CDH20 NMO031891.2 CACGGATTCTAACCAGGAGGTC ACAAAATGAGCAACACCAGCAC

Materials and methods

Cell line and tissues. The high and low metastasis cell lines
(HLMCL) of SACC in our study was sponsored by the
Oncology Laboratory in the Department of Stomatology in
Shanghai 9th People's Hospital. Cells were grown in DMEM
culture medium (HyClone, USA) supplemented with 10% fetal
bovine serum (HyClone) in a 37°C incubator with humidified
air containing 5% CO,. Experiments were performed using
cells in the exponential phase of growth. Tissue samples
were obtained from the First Affiliated Hospital of the Fujian
Medical University and the Fujian Medical University Union
Hospital. Twenty-three cases with metastasis and recurrence
and 57 cases without metastasis and recurrence were included.
This study was approved by the Institutional Review Board of
Fujian Medical University and the written informed consent
was obtained from each participant.

Real-time PCR. Total RNA was extracted from 5x10° cells
using TRIzol Reagent (Invitrogen, USA). RNA samples were
diluted to the same concentration based on the absorbance
at 260 nm, then reverse transcribed to create cDNA using
the PrimeScript™ RT reagent kit (Takara, Japan). Real-time
PCR was performed with SYBR-Green-PCR master mix
(Takara). The reaction was carried out in a TP800 (Takara).
The primers used for 3-actin (ACTB) and for the 10 cadherin
family genes are shown in Table I. The PCR was carried out
as follows: initial denaturation at 95°C for 30 sec, followed
by 40 cycles of 95°C for 10 sec and 60°C for 30 sec and then
dissociation curve analysis. The fluorescence value of the first
12 cycles was set as baseline. The Ct values of all samples
were adjusted. Data were analyzed using the method previ-
ously reported by Livak and Schmittgen (7).

Immunohistochemistry. For the immunohistochemical assays,
3-um thick tissue sections were mounted on slides coated
with poly-L-lysine. After deparaffinization in xylene, these
sections were rehydrated in a decreasing gradient of ethanol
and washed for 10 min in phosphate-buffered saline (PBS)
(pH 7.2). The endogenous peroxidase activity was inhibited
by incubation in methanol containing 3% H,O, for 10 min.

After several washes in PBS, the sections were blocked with a
universal blocking reagent (Maxin, USA) for 10 min at room
temperature. A rat monoclonal CDH12 (R&D, USA) primary
antibody was applied at a 1:200 (10 g IgG/ml) dilution for
1 h at room temperature. After several washes in PBS, the
sections were incubated with a biotin-conjugated secondary
antibody (Maxin) for 10 min at room temperature. After
several washes in PBS, the sections were incubated with
streptavidin-peroxidase (Maxin) for 10 min at room tempera-
ture. The sections were rinsed with PBS, and the antibody
complexes were visualized by incubation with diaminoben-
zidine tetrahydrochloride (DAB) chromogen (Maxin). The
sections were then counterstained with hematoxylin (Dako,
Denmark), dehydrated, and examined by light microscopy.
All slides were reviewed independently by two pathologists
who were blinded to each other's readings. The staining
results were assessed on a three-tier scale: negative was no
staining, 1+ was weak staining and 2+ was strong staining.
Immunohistochemical results were graded to 3 different
scores (negative, positive and strong positive) as follows: nega-
tive was no staining or 1+ staining in <30% of cells, positive
was 1+ staining in >30% of cells or 2+ staining in <50% of
cells and strong positive was 2+ staining in >50% of cells.

Construction of CDHI2 adenoviral vector and infection.
The CDHI12 recombinant adenoviral expression vector
(Ad-CDHI12) was constructed using AdEasy XL Adenoviral
Vector System (Stratagene, USA). Total RNA was extracted
from ACC-M cells using TRIzol (Invitrogen), and cDNA was
synthesized by reverse transcription using the PrimeScript
RT reagent kit (Takara). Nhel and Xhol sites were added to
either side of the CDHI12 gene, and the construct was ampli-
fied by nested PCR with PrimeSTAR HS DNA Polymerase
(Takara), according to the supplier's protocol, using the
primers indicated in Table II. After the cloning of CDHI12 into
the pMDI18-T Vector (Takara) and sequencing analysis, the
correct full-length coding sequence of CDH12 was subcloned
into the shuttle vector pShuttle-IRES-hrGFP-1. The plas-
mids were used to transform competent BJ5183, containing
the adenoviral backbone plasmid pAdEasy-1, to produce a
recombinant adenovirus carrying the gene of interest. Then,
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Table II. Nested-PCR primers.
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Sequence of primers

CDHI12

Outer-primer Forward
Reverse

Inter-primer Forward
Reverse

5-ACGGTTGATTTGACGGATTTCT-3'
5'-CTTGTCCCAGAGTGTGTGTGTG-3'
5'-CTAGCTAGCATGCTTACAAGGAACTGTTT-3'
5'-CCGCTCGAGAGTGACTTTATCAGGGTTAT-3'

The forward inter-primer contains Nhel restriction site (underlined and italic bases), and the reverse inter-primer contains Xhol restriction site

(underlined and italic bases).

the recombinant adenovirus plasmids were produced in bulk
using the XL10-Gold strain. The recombinant adenoviral
construct was linearized with Pacl and transfected into the
packaging cell line, AD-293. After production, the adenovirus
was amplified for three rounds. Adenovirus-GFP (Ad-GFP)
was constructed and used as the control. ACC-M cells were
infected with the adenoviral vector at the same multiplicity of
infection (MOI).

RNA interference using small interfering RNA. Four siRNAs
against CDH12 were designed and chemically synthesized
(Shanghai GenePharma Co., Shanghai, China) for targeting
different coding regions of CDH12. The sequence information
is as follows: siRNA-1435 (5'-CCUAGAUAGAGAAGAG
AAATT-3" and 5-UUUCUCUUCUCUAUCUAGGTT-3"),
siRNA-2371 (5'-GGACAGCUACUUUACAAUATT-3' and
5'-UAUUGUAAAGUAGCUGUCCTT-3"), siRNA-2932
(5'-GGCGUUGAUUGCAAUUCUATT-3' and 5-UAGAAUU
GCAAUCAACGCCTT-3") and siRNA-3434 (5-GGCGAAG
AAGAGAGUUAUATT-3' and 5'-UAUAACUCUCUUCU
UCGCCTT-3"). In addition, a negative control, siRNA-NC
(5'-UUCUCCGAACGUGUCACGUTT-3" and 5-ACGUGA
CACGUUCGGAGAATT-3"), was also synthesized. Each of
the above siRNAs were individually transfected into ACC-M
cells using Lipofectamine 2000 Transfection Reagent
(Invitrogen), according to the manufacturer's instructions.

SDS-PAGE and Western blot analysis. Fifteen micrograms
of total protein from cells lysis were separated by SDS-PAGE
on 10% gels and electrophoretically transferred to PVDF
membranes (Amersham Biosciences). The resulting membranes
were blocked in 1% bovine serum albumin and incubated with
primary antibodies against CDH12 (1:5000, Abcam, UK) or
B-tubulin (1:1000, Santa Cruz Biotechnology, USA). After the
membranes were washed with TBST, alkaline phosphatase-
conjugated secondary antibodies were added to recognize the
primary antibodies, and the immunoreactive protein bands
were visualized using CDP-Star reagents (Roche, IN, USA).

In vitro cell invasion assay. Cell invasion assays were
performed using 24-well transwell chambers (8 ym pore
size, BD Sciences, USA) coated with Matrigel (354480,
BD Sciences). Cells were serum-starved overnight,
trypsinized, and collected in DMEM containing 1% FBS.
A total of 1x10° cells were then suspended in 500 ul of
DMEM containing 1% FBS and added to the upper chamber,

while 700 ul of DMEM containing 10% FBS and 10-ug/ml
fibronectin (356008, BD Sciences) were placed in the lower
chamber. DMEM containing 1% FBS was added to the lower
chamber in control wells. After 48 h of incubation, Matrigel
and cells remaining in the upper chamber were removed with
cotton swabs. Cells on the lower surface of the membrane
were stained with crystal violet. Cells in at least five random
microscopic fields (at x200) were counted and photographed.
All experiments were repeated three times.

In vitro cell migration assays. Cell migration was evaluated
using transwell assay and the scratch wound assay. The
migration assay using transwell inserts (8 ym pore size,
BD Sciences) was performed to assess cell motility using a
method similar to that used in the transwell invasion chamber,
except that transwell chamber was not coated with Matrigel.
The wound-healing assay was performed as follows. Each
group of ACC-M cells was seeded into wells of 6-well culture
plates at the proper density to form monolayers. A straight
scratch was made using a 10-ul pipette tip on the bottom of
the culture plate. After washing with serum-free medium,
the relative width of the scratch wounds were measured and
recorded under an inverted microscope. Next, the cells were
grown in DMEM culture medium with 0.1% fetal bovine
serum (FBS) for 48 h, and the migration of the cultured
cells was observed and photographed. The experiments were
repeated three times.

Statistical analysis. Data are expressed as means = SD. The
statistical analysis of in vitro cell invasion and migration
assays was performed using Student's t-test. Differences were
considered to be statistically significant at P<0.05.

Results

Cadherins are abnormally expressed in the highly metastatic
cell line ACC-M. Cadherin family members play an important
role in the maintenance of normal tissue architecture and
are implicated as modulators of development processes by
controlling cell polarity, cell sorting and cell movements.
In a previous study, we found that 14 cadherin genes were
abnormally expressed based on gene expression profiles of
the adenoid cystic carcinoma cell lines, ACC-M and ACC-2
(6). In this study, real-time PCR was first used to verify the
differential expression of the 10 cadherin genes in ACC-M
and ACC-2 cells. The results showed that 9 out of 10 cadherin
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Figure 1. The expression analysis of CDH12 levels in salivary adenoid cystic carcinoma by real-time PCR and immunohistochemistry (DAB x400). (A) The
comparison of the relative signal strength between the individual genes of the cadherin family and internal reference primer in the two cell lines by real-time
PCR; (B) (a) The lack of expression of CDHI2 in SACC tissues without metastasis and recurrence; (b) Positive staining for CDH12 in SACC cancer cells; (c)

Strong immunopositivity for CDH12 in SACC cancer cells.

Table III. The expression of CDH12 in tissues of adenoid cystic carcinoma with or without metastasis and recurrence cases.

Group Cases Negative Positive Strong positive P-value®
Metastasis or recurrence 23 3 6 15 0.024
Non-metastasis 57 5 33 19

aRank-sum test Z=-2.260.

genes showed no difference in expression between these 2 cell
lines, whereas CDH12 was up-regulated in the highly meta-
static adenoid cystic carcinoma cell line, ACC-M, compared
to the low metastatic cell line, ACC-2 (Fig. 1A, P<0.05, n=3).
CDH4 and CDHS5 were also abnormally expressed in the
ACC-M cell line (unpublished data).

CDHI2 is overexpressed in clinical metastatic tissue
samples. To further explore the role of CDHI12 in the
metastasis and progression of adenoid cystic carcinoma,
CDHI12 expression in 80 tissue samples of adenoid cystic
carcinoma was examined by immunohistochemistry. Of
these samples, 23 cases had metastasis and recurrence; the
other 57 cases were without metastasis and recurrence and
served as controls. As shown in Table III and Fig. 1B, the
expression levels of CDH12 were significantly higher in the
tissues with metastasis and recurrence compared to those of
control samples (P<0.05). This result indicates that CDH12
may play an important role in the metastasis of adenoid
cystic carcinoma.

Overexpression of CDHI2 promotes the invasiveness and
motility of ACC-M cells. To further examine whether CDH12
affects the invasiveness of salivary adenoid cystic carcinoma,
ACC-M cells were infected with the recombinant adenovirus
(Ad-CDHI12) carrying the correct full-length coding sequence of
CDH12, and cell invasion and migration assays were performed
to assess cell motility. After infection with Ad-CDHI12, the
expression of CDHI12 protein in ACC-M cells was up-regulated
compared to those cells infection with the control adenovirus
(Ad-GFP) (Fig. 2A). As shown in Fig. 2B and C, the invasive
ability of ACC-M cells infected with Ad-CDHI12 was signifi-
cantly enhanced compared to cells infected with Ad-GFP.
The overexpression of CDH12 also enhanced the migration
of ACC-M cells, both in the Transwell assay (Fig. 3A and B,
P<0.05, n=3) and the wound-healing assay (Fig. 3C). These
results suggest that the overexpression of CDHI12 may promote
the invasion and migration of ACC-M cells.

Knockdown of CDHI?2 inhibits the invasiveness and motility
of ACC-M cells. To further verify the contribution of CDH12
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Figure 2. The overexpression of CDHI12 facilitates the invasion of ACC-M
cells. (A) Western blot analysis of the overexpression of CDHI12 in ACC-M
cells infected with adenoviral vector; (B) Each panel represents the results of
cell invasion assays using ACC-M cells; (C) Cells that invaded the Matrigel
layer were stained, photographed and measured by counting the invaded
cells. The counts of the invaded cells are presented as mean values per field
from at least five randomly selected low-powered fields (x200) from three
independent experiments (error bars, mean + SD).

to the invasion of salivary adenoid cystic carcinoma, we next
employed small interfering RNA (siRNA)-mediated knock-
down of CDH12 in ACC-M cells and performed cell invasion
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and migration assays. siRNAs targeting CDH12 (siRNA-1435,
siRNA-2371, siRNA-2932 and siRNA-3434) efficiently
reduced CDHI12 expression in ACC-M cells compared to the
negative control, siRNA-NC, as demonstrated by Western
blot analysis (Fig. 4A). The two most effective siRNAs,
siRNA-1435 and siRNA-3434, were selected for use in further
experiments. As shown in Fig. 4B and C, the down-regulated
expression of CDHI12 significantly inhibited the invasion
(P<0.05, n=3) and migration of ACC-M cells (Fig. 5, P<0.05,
n=3). These results confirm that CDH12 may contribute to the
migration and invasion of adenoid cystic carcinoma cells.

Discussion

Invasion and metastasis are essential for tumor progression
and are important indicators of malignancy and major causes
of mortality in SACC. Although the 5-year survival of SACC
patients treated with surgical resection and local radiation
is deceptively high (71%), the long-term survival is poorer,
with only 37% of patients alive at 15 years (1). Thus, defining
the mechanisms regulating SACC invasion and metastasis is
important for not only explaining the pathogenesis of SACC,
but also for prevention and treatment of SACC to improve the
overall survival of SACC patients.

Cadherins constitute a large family of calcium-dependent
transmembrane glycoproteins with several unique members.
The classical cadherins comprise a subgroup that includes
E-cadherin, N-cadherin, VE-cadherin and P-cadherin. Through
their homophilic binding interactions, they play crucial roles in
maintaining normal tissue architecture and conferring cellular
adhesion specificities (8-10). Moreover, cadherins have been
implicated as modulators of cell polarity, cell sorting, cell
movements and tissue morphogenesis in development (11).
Cadherins have also been demonstrated to play important roles
in the cell-cell interactions of cancer cells during tumorigen-
esis, invasion and metastasis (12-17). Among the cadherins,

Oh

Ad-GFP Ad-CDH12

Figure 3. The overexpression of CDH12 facilitates the migration of ACC-M cells. (A) Each panel represents the results of cell migration assays using ACC-M
cells; (B) The number of cells migrated through uncoated filters (i.e., no Matrigel), which represents the migratory ability of ACC-M cells; (C) A photomicro-
graph of scratch wounds made in the infected ACC-M cell layer shows enhanced cellular motility in the adenovirus Ad-CDHI12 infected cells compared with

the control adenovirus Ad-GFP transfectants 48 h after cell seeding.



106 WANG et al: CDH12 IN THE INVASION OF SACC

A 50kDa — — Baballa

140kDa — — CDH12

2371 1435 NC 3434 2932

SIRNA-1435

 siRNA-NC

C 70
60
50
40
30
20

10 H

0 GRNANC siRNA-1435 siRNA-3434

Cells/Field

P<0.01 P<<0.01

Figure 4. The knockdown of CDH12 inhibits the invasion of ACC-M cells. (A) Western blot analysis of knockdown of CDH12 expression in ACC-M cells
with siRNAs; (B) Each panel represents the results of cell invasion assays using ACC-M cells; (C) Cells that invaded the Matrigel layer were stained. The
counts of the invaded cells are presented as mean values per field from at least five randomly selected low-powered fields (x200) from three independent
experiments (error bars, mean + SD).
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Figure 5. The knockdown of CDH12 inhibits the migration of ACC-M cells. (A) Each panel represents the results of cell migration assays using ACC-M cells;
(B) The number of cells migrated through uncoated filters (i.e., without Matrigel), which represents the migratory ability of ACC-M cells; (C) A photomicro-
graph of scratch wounds made in the transfected ACC-M cell layer shows reduced cellular motility in the CDH12 siRNA transfection group compared to the
negative control siRNA group 48 h after cell seeding.

the most focus has been drawn on E-cadherin. Numerous tumor cells, implicating E-cadherin as the product of a tumor
studies have shown that disruption of the E-cadherin/catenin ~ suppressor gene (18). Research carried out by Zhang et al
complex in epithelial cells results in biologically aggressive  found that E-cadherin/catenin complex expression was down-
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regulated in adenoid cystic carcinoma of the salivary glands,
and the expression levels of E-cadherin/catenin complex were
positively correlated to the differentiation of ACC tumor cells
(19). Furthermore, Lai et al reported that E-cadherin expres-
sion was correlated with nerve invasion, regional recurrence
and distant metastasis (20).

Another member of the cadherin family, N-cadherin
(encoded by CDHI12), has also gained increasing attention.
According to the literature, N-cadherin is aberrantly expressed
in many human carcinomas, including breast cancer, thyroid,
bladder and prostate carcinomas (21). To assess the expression
pattern of cadherin family members in SACC, we examined
the expression of 10 cadherin genes by real-time PCR in
HLMCL of SACC. The results showed that expression of
CDHI12 was up-regulated in the highly metastatic SACC cell
line, ACC-M, compared to expression in the low metastatic
SACC cell line, ACC-2. Immunohistochemical analyses
demonstrated that the expression of CDH12 was significantly
higher in tissue samples from patients with metastasis than
without. These data indicate a potential role for CDHI12 in
SACC invasion and metastasis. To further verify the role
of CDHI12 in SACC, CDHI12 was overexpressed relative to
normal levels in ACC-M cells using an adenovirus expression
system. Along with increased CDHI12 levels, invasion and
migration of ACC-M cells were significantly enhanced in our
study. The converse results were obtained when knockdown
of CDH12 with siRNA decreased invasion and migration,
which further confirmed the role of CDHI12 in the invasion
and migration of SACC.

Previous studies have shown that the high levels of
N-cadherin expression in the most invasive carcinoma cells
were inversely correlated with the levels of E-cadherin expres-
sion, suggesting the possible role of N-cadherin in facilitating
invasion and metastasis (18,22-24). Efforts have been made
to show that N-cadherin contributed to the progression of
squamous cell carcinoma (SCC) of the tongue and was
tightly associated with lymph node metastasis. Substantially
decreased invasion was also observed in the tongue SCC cell
line, Tca8113, after transfection with N-cadherin siRNAs,
compared to that of control siRNA (25). Similar findings were
reported in esophageal squamous cell carcinoma (ESCC).
Moreover, the expressions of MMP-9 was also down-regulated
in ESCC cell line EC9706 after transfection with N-cadherin
shRNA (26). Additionally, the knockdown of N-cadherin in
EC9706 could arrest cell cycle at GO/G1 phase, induce cell
apoptosis, and inhibit tumor formation in vivo (27). It is known
that growth factor receptors regulate many aspects of cell
behavior, including cell motility and invasion (28). A number
of studies have demonstrated that N-cadherin facilitates
dimerization of the fibroblast growth factor (FGF) receptor
to initiate growth factor-independent signaling and mediate
ligand-dependent FGF receptor signaling (29-31). For example,
a small protein called NHERF acts as a scaffold to link
N-cadherin and B-catenin to the platelet-derived growth factor
receptor (PDFR), and this complex of proteins is localized to
the leading edge of migrating tumor cells, where it promotes
motility (32). Studies have also suggested that N-cadherin
might interact with other growth factor receptors on tumor
cells, such as TGFpI1 (33). In addition, Guo et al reported that
branched N-glycan expression at three of the eight putative
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N-glycosylation sites in the EC2 and EC3 domains of the
N-cadherin sequence regulated N-cadherin-mediated cell-cell
contact formation, outside-in signaling, and cell migration, and
this glycosylation is likely to significantly contribute to the
increase in the migratory/invasive phenotype of cancer cells
that results when GnT-V activity is up-regulated by oncogene
signaling (34).

Invasion and metastasis are the most important biological
markers of malignant tumors, and represent complex, contin-
uous and multi-staged processes, in which both known and
unknown genes are involved. In gene therapy, which is a very
promising treatment for cancer, an important question is to
determine which genes might be the best gene therapy targets.
Therefore, it is important to define the crucial genes involved
in cancer.

In our study, we demonstrated that CDH12 could promote
the invasion of salivary adenoid cystic carcinoma. Based on
this information, we concluded that CDH12 is of vital impor-
tance in the invasion and metastasis of SACC, although it may
not be the only critical factor. Therefore, the results suggest
the potential role of CDHI12 as a candidate target in cancer
therapy. Further investigations and elucidations are warranted
to more precisely determine the roles of CDH12 in SACC.
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