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Abstract
Background: Salivary adenoid cystic carcinoma (SACC) is one of the most common malignancies
of salivary gland. Recurrence or/and early metastasis is its biological properties. In SACC, neoplastic
myoepithelial cells secrete proteoglycans unconventionally full of the cribriform or tubular and
glandular structures of SACC. Literatures have demonstrated that extracellular matrix provided an
essential microenvironment for the biological behavior of SACC. However, there is rare study of
the effect of proteoglycans on the potential metastasis of SACC.

In this study, human xylosyltransferase-I (XTLY-I) gene, which catalyzes the rate-limited step of
proteoglycans biosynthesis, was knocked down by RNA interference (RNAi) to inhibit the
proteoglycans biosynthesis in SACC cell line with high tendency of lung metastasis (SACC-M). The
impact of down-regulated proteoglycans on the metastasis characters of SACC-M cells was
analyzed and discussed. This research could provide a new idea for the clinical treatment of SACC.

Methods: The eukaryotic expression vector of short hairpin RNA (shRNA) targeting XTLY-I gene
was constructed and transfected into SACC-M cells. A stably transfectant cell line named SACC-
M-WJ4 was isolated. The XTLY-I expression was measured by real-time PCR and Western blot;
the reduction of proteoglycans was measured. The invasion and metastasis of SACC-M-WJ4 cells
were detected; the effect of down-regulated proteoglycans on the potential lung metastasis of nude
mice was observed, respectively.

Results: The shRNA plasmid targeting XTLY-I gene showed powerful efficiency of RNAi. The
mRNA level of target gene decreased by 86.81%, the protein level was decreased by 80.10%,
respectively. The silence of XTLY-I gene resulted in the reduction of proteoglycans significantly in
SACC-M-WJ4 cells. The inhibitory rate of proteoglycans was 58.17% (24 h), 66.06% (48 h), 57.91%
(72 h), 59.36% (96 h), and 55.65% (120 h), respectively. The reduction of proteoglycans suppressed
the adhesion, invasion and metastasis properties of SACC-M cells, and decreased the lung
metastasis of SACC-M cells markedly either.

Conclusion: The data suggested that the silence of XTLY-I gene in SACC-M cells could suppress
proteoglycans biosynthesis and secretion significantly. The reduction of proteoglycans inhibited cell
adhesion, invasion and metastasis of SACC-M cells. There is a close relationship between
proteoglycans and the biological behavior of SACC.
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Background
Proteoglycans are important macromolecules, which
show the largest and most complex molecular structures
in human body. Proteoglycans are also the major compo-
nents of the extracellular matrix and consist of core pro-
tein and glocosaminoglycans (GAGs) chains which
attached to the core protein. Proteoglycans are increas-
ingly implicated as important regulators in many biologi-
cal processes, such as extracellular matrix deposition,
cytoplasmic membrane signal transfer, cell differentia-
tion, adhesion and migration, normal and tumor cell pro-
liferation, etc [1-3]. With the development of studies in
proteoglycans, more and more researchers have paid
attention to the function of proteoglycans in tumorigene-
sis and biological behavior of tumors.

Proteoglycans mainly composed of core protein and
GAGs chains are polyanionic molecules located in the
extracellular matrix or the cell surface and serve a wide
range of functions. Proteoglycans mediate diverse cellular
processes through interaction with a variety of cytokines
and protein ligands and there are many cell factors in
themselves too. The GAGs chains attached to the core pro-
tein are involved in most of these functions by holding
different cytokines and ligands. Thus, the biological fea-
ture and function of proteoglycans are intimately related
to the biosynthesis of GAGs chains [3-5]. The sulfated
GAGs which are the major proteoglycans components,
such as chondroitin sulfate, heparan sulfate, heparin, and
dermatan sulfate, etc. are bound to the proteoglycans core
protein by a common xylose-galactose-galactose binding
region: a tetrasaccharid core (GlcAβ1-3Galβ1-3Galβ1-
4Xylβ1-O-Ser). Xylosyltransferase-I (XTLY-I) is the chain-
initiating enzyme in the biosynthesis of this tetrasaccharid
core of glycosaminoglycan-containing. This enzyme cata-
lyzes the transfer of xylose from UDP-xylose to selected
serine residues in the proteoglycans core protein, which is
the initial and rate-limited step in the proteoglycans bio-
synthesis of human. XTLY-I is a key to the biosynthesis of
this tetrasaccharid core, which is shared by most prote-
oglycans, so it has been thought that XTLY-I is a regulatory
factor in proteoglycans biosynthesis [6,7]. As XTLY-I is the
initial enzyme in the biosynthesis of the glycosaminogly-
can linkage region and secreted from the Golgi compart-
ment into the extracellular space together with
proteoglycans to a great extent, it had been determined
that the activity of XTLY-I is a crucial and diagnostic bio-
chemical marker of an altered proteoglycans biosynthesis
in human body. The effect of XTLY-I on human health
and diseases has become a new research focus in recent
two years [8-10].

Salivary adenoid cystic carcinoma (SACC) is one of most
common malignancy of salivary gland, accounting for
approximately 10% of salivary gland tumors and 30% of

human salivary gland malignancy. Recurrence or/and
early metastasis is its biological properties. SACC with
high metastasis property occurs in all ages with a peak
incidence of 40~60 years old and it is not sensitive to radi-
otherapy or chemotherapy. Clinical investigation showed
that the incidence of SACC with distant metastasis, ranged
from 35% to 50% of all cases, lung was the most common
organ of its distant metastasis [11]. Distant metastasis of
SACC cells often defeats the treatment of patients with
SACC, and it is associated with a low long-term survival
rate. Follow-up investigations have revealed that the lung
metastasis is still the leading death cause of patients with
SACC. At present, there is no any effective clinical therapy
against the invasion and metastasis of SACC [12,13].

It has been proved that SACC is composed of two kinds of
cells: neoplastic duct epithelial cells and neoplastic
myoepithelial cells, the latter are the chief proliferative
cells in SACC which could express salivary tumor markers
such as smooth muscle actin, myosin, S-100 protein and
GFAP, et al. The neoplastic myoepithelial cells secrete
abundant proteoglycans full of the cribriform or tubular
and glandular SACC [14,15]. A large number of studies
have approved the close relationship between extracellu-
lar matrix and the biological features of SACC [14-16]. It
has determined that extracellular matrix provides the
essential microenvironment for the growth and metastasis
of SACC. Being an important component of extracellular
matrix, the abnormal proteoglycans play a very complex
role in the carcinogenesis and metastasis of SACC. How-
ever, there is rare study of the relationship of proteogly-
cans and the metastasis behavior of SACC. The impact of
proteoglycans on the metastasis mechanism of SACC is
still unknown.

RNA interference (RNAi) is one of the most powerful
gene-blocking technologies so far. RNAi can silence the
expression of a special gene efficiently and rapidly by
inhibiting the transcription product and down-regulate
the protein expression of the target gene. A number of
experimental studies have made it clear that RNAi could
suppress the abnormal proliferation and metastasis of
tumor cells. All these researches provided not only a good
basis for the functional research but also a promising
treatment of salivary gland tumors by using RNAi [17].

SACC-M derived from SACC-2 is a salivary adenoid cystic
carcinoma cell line with high tendency of lung metastasis,
and mainly has the differentiated and biological feature of
the neoplastic myoepithelial cell. In this study, we con-
structed the short hairpin RNA (shRNA) expression vector
targeting the coding regions of human XTLY-I gene to
observe the relationship between SACC and proteogly-
cans. After the shRNA plasmid was introduced into SACC-
M cells, the efficiency of XTLY-I gene suppression and pro-
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teoglycans reductoin were evaluated. Then the impact of
down-regulated proteoglycans on cell migration and inva-
sion was observed, the relationship between proteogly-
cans and the potential lung metastasis of SACC-M was
analyzed as well.

The data of this research showed that the specific down-
regulation of human XTLY-I by RNAi led to the decrease
of proteoglycans in SACC-M cells; meanwhile the migra-
tion and invasion of SACC-M cells were inhibited signifi-
cantly. Our research revealed that proteoglycans was a key
factor in the process of invasion and metastasis of SACC.
Thus, the suppression of proteoglycans may be an option
for the treatment of SACC. The result of this research will
also provide a new idea for RNAi usage in salivary gland
tumor therapy.

Methods
Reagents and Cell lines
The human salivary adenoid cystic carcinoma cell line
with high tendency of lung metastasis (SACC-M) was
obtained from the Department of Oral and Maxillofacial
Surgery, College of Stomatology, Shanghai Ninth People's
Hospital Affiliated to Shanghai Jiaotong University. The
cells were grown in Dulbecco's modified Eagle's medium
(DMEM) (Hylone, Carlsbad, USA) containing 1500 mg/L
glucose. All DMEM supplemented with 10% fetal bovine
serum (Gibco, Gaithersburg, MD), penicillin and strepto-
mycin at 37°C in a humidified atmosphere of 95% air
and 5% carbon dioxide (NU-4750E, USA). The NIH3T3
cell line was kindly provided by Dr. Chao Wang (Hebei
Medical University, P. R. China) and cultured in DMEM
(Hylone, Carlsbad, USA) containing 4500 mg/L glucose
and 1.5 mM l-glutamine supplemented with 10% fetal
bovine serum.

Reagents were prepared and obtained from the following
companies, Lipofectamine™2000 and TRIzol (Invitrogen,
Karlsruhe, Germany); Blyscan Sulfated GAGs Assay (Bio-
color, London, UK); SYBR Real-Time PCR premix Ex Taq
Kit (Takara, Japan); RT-PCR Kit was from SBS Genetech
co., Ltd. (Beijing, China). Rabbit anti-GAPDH polyclonal
antibody, rabbit primary antibodies for XTLY-I and Pgen-
esil-1 vector (Genesil Biotechnology Co., Ltd., China)
[18]. The enzymes of T4 DNA Ligase, BamHI, HindIII, SalI,
and PstI were from NEB Company (London, UK),
Matrigel (Sigma, USA), Millicell chamber (with 8 μm
diameter microspore, Millipore, USA), goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody
(Santa Cruz Biotechnology) chemiluminescence reaction
(Pierce, Rockford, IL). All BALB/C-nu mice used in this
experiment received humane care. The nude mice were
purchased from Laboratory Animal Center of Beijing
Xiehe Medical University, P. R. China. Twenty 4-week-old
female mice were chosen in this study. The animals were

fed with certified standard diet and sterilized water in the
condition of SPF with 25°C temperature and 30%~60%
of humidity.

The Design of shRNA and the Construction of Expression 
Vector
The human gene XTLY-I (Genbank accession number:
NM_012688) was selected from GenBank. According to
shRNA design principle [19], the shRNA sequence
designed targeting nucleotide 2621-2642 of XTLY-I
mRNA sequence is: AACAGGCAGCCCATCAAACCT. It
was ensured that the selected shRNA sequence was differ-
ent from other genes of human genome. EST database was
searched by using BLAST http://www.ncbi.nlm.nih.gov/
BLAST and no other isogenous genes were found. The neg-
ative control named shRNA-HK was designed and its
sequence (GACTTCATAAGGCGCATGC) was not isoge-
nous with any human gene. In order to overcome the dis-
advantages of short time action and lack of regenerating
ability of small interfering RNA (siRNA)[20], the encod-
ing shRNA plasmid expression vector was used with the
U6 promoter and neor gene in this study. The hairpin loop
of shRNA was TTCAAGAGA and the transcription termi-
nator was four continuous T.

The shRNAs were subcloned into the Pgensil-1 with
human U6 promoter (Fig. 1A), between the SalI and XbaI
restriction sites. All of the constructs used in this study
were verified by DNA sequencing. Once the requirement
had been met, a large-scale preparation of plasmid DNA
was extracted; the DNA plasmids were named shRNA-WJ4
(the RNAi plasmid), shRNA-HK (the nagetive control
plasmid), respectively. The structure of the shRNA vector
is:BamHI + Sense + Loop + Antisense + ending signal + SalI
+ HindIII [21].

Cell Transfection and Generation of Stable Cell Line
Twenty-four hours before transfection, SACC-M cells were
plated in a 6-well plate with 1 × 105 cells per well until the
cells reached the 70%~80% confluence at next day. They
were washed twice by DMEM (containing 1500 mg/L glu-
cose), then 2 ml DMEM free of fetal bovine serum and
antibiotics was added into each well. The cells were trans-
fected according to the manufacturer's protocol of cati-
onic lipid complexes Lipofectamine™2000. SACC-M cells
transfected with DMEM medium lacking DNA plasmid
served as the blank control. SACC-M cells transfected with
shRNA-HK served as the negative control. The 4.0 μg DNA
plasmid and 10 μl Lipofectamine™ 2000 was diluted by
250 μl DMEM, respectively. Then being mixed and stayed
at room temperature for 15~20 min, the compound was
added to each well and thoroughly mixed with medium.
Fresh growth medium with fetal bovine serum was
replaced after 6 hours of transfection. Efficiency was eval-
uated after 48 hours of transfection by observing the green
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Construction of shRNA vector targeting human XTLY-I geneFigure 1
Construction of shRNA vector targeting human XTLY-I gene. A: The construct of Pgenesil-1 vector: This RNAi vec-
tor was a self-inactivating retroviral expression vector designed to express a small interfering dsRNA (siRNA) using the human 
U6 promoter. Neomycin-resistant selecting marker was used to select for stable clones. GFP was used to determine the suc-
cessful transfection. B: shRNA-WJ4: AGCTTGTCGACAAAAAACAGGCAGCCCATCAAACCTCGTCTTGAAA G GTTT-
GATGGGCTGCCTGCG.
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fluorescent protein (GFP) expression under the fluores-
cence microscope (Olympus PM-10A, Japan).

After 48 hours of transfection the stable transfectant cells
were acquired by using G418 (500 μg/ml). Culture
medium was replaced at least twice per week. A stable cell
pool was selected after addition of G418 for about 3
weeks. Visible cell clones were picked up and expanded.
The stable transfectant cells expressing green fluorescence
were observed under microscope, however the cells with-
out shRNA plasmid did not show any green fluorescence.
Three groups included in this study were: group SACC-M:
the normal cultured SACC-M cells; group SACC-M-HK:
transfected with the negative control plasmid shRNA-HK;
group SACC-M-WJ4: transfected with shRNA-WJ4.

Real-Time Quantitative PCR for XTLY-I mRNA Expression
The genotypes of the stable G418 resistance cells SACC-M-
WJ4 and SACC-M-HK were detected by real-time quanti-
tative PCR. Total RNA was extracted from SACC-M-WJ4,
SACC-M-HK and SACC-M cells by using Trizol reagent as
described in the manufacture's instruction. The produc-
tion of cDNA was amplified by using gene-specific prim-
ers (shown in Table 1). Real-time quantitative PCR was
performed by GenAmp PCR system 2700 (AB Company,
USA) and SYBR Green I Real-Time PCR premix Ex Taq Kit
following the manufacture's protocols. The results were
analyzed by using the Light Cycle Real-time PCR System
(Switzerland Roche Company) to obtain Cycle threshold.
Finally, the computer analyzed the fluorescence signal
automatically. All quantitative data were normalized to an
endogenous control GAPDH. The relative quantitative
value of each targeting gene was analyzed by using a com-
parative copy number. The mRNA expression of target
gene in each cycle was obtained [22].

Western Blot Analysis for XTLY-I Protein Expression
The protein expression of XTLY-I in SACC-M-WJ4 cells
and SACC-M-HK cells was detected by Western blot, and
then compared with SACC-M cells. Cells were seeded in
100 cm2 flasks. Twenty-four hours after plating, confluent
cell layers were washed with ice-cold PBS and lysed for 30
min at 4°C with 1% NP-40, 0.1% Triton X-100, 30 mM
sodium phosphate (pH 7.4) containing 1 mM sodium
orthovanadate, 2.5 mM Tris-HCl (pH 7.5), 100 mM NaCl
and 10 μg/mL of leupeptin, aprotinin. Then, the homoge-

nate was centrifuged at 12,000 g for 20 min at 4°C. The
supernatant was collected and protein was quantified
with the Bio-Rad protein colorimetric assay. After addi-
tion of sample buffer to the cellular extract and boiling
samples at 95°C for 5 min, protein was separated on 8%
SDS-PAGE gel. Protein was transferred onto PVDF mem-
brane (Millipore Corporation, Bedford, MA) and the
membrane was blocked for 1 h at room temperature with
5% BSA (bovine serum albumin) in Tris-buffered saline
containing 0.05% Tween 20 (TBST). Next, blots were
washed and incubated overnight at 4°C in TBST contain-
ing 1% BSA with rabbit primary antibodies for XTLY-I (1:
1000) and rabbit anti-GAPDH (1: 2000). Membranes
were washed three times with TBST, incubated with goat
anti-rabbit horseradish peroxidase-conjugated secondary
antibody (1: 2500 dilution in TBST containing 1% BSA)
for 120 min at room temperature and then washed three
times with TBST. After chemiluminescence reaction,
bands were detected by exposing the blots to X-ray films
for the appropriate time period. For quantitative analysis,
bands were detected and evaluated densitometrically with
Foretix ID software, normalized for GAPDH density.

Quantitation of Proteoglylcans (Total GAGs)
The cell culture supernatant of the three groups was col-
lected and the content of total GAGs, which is the major
component of proteoglycans, was measured. The total
GAGs were quantitated using the Blyscan™ Sulphated Gly-
cosaminoglycan Assay Kit according to the manufacturer's
instructions. The assay was based on a colorimetric reac-
tion between the negatively charged GAGs and the posi-
tively charged dye dimethylmethylene blue (DMB)
[23,24]. Concentration was determined from the standard
curves of chondroitin sulfate A. Meanwhile the corre-
sponding cells were digested by trypsin and counted care-
fully. The content of proteoglycans secreted by 1 × 106

cells was detected at different time of 24, 48, 72, 96 and
120 hours, respectively.

Cell Adhesion to Matrigel
The 96-well plates were coated with Matrigel according to
the producer's guideline. Cells including SACC-M-WJ4
cells, SACC-M cells and SACC-M-HK cells were seeded
onto the Matrigel-coated wells (1 × 104 cells per well),
respectively. After being incubated at 37°C with complete
medium (pH 7.2) for 1 hour, the wells were washed and

Table 1: Real-time PCR primers

Gene Sequence Product Sizes

XTLY-I 5'-GCCTGGAAAGTGATAGCACTAAA-3'
5'-GGAGCAATGGAAGGGTAAAGA-3'

106 bp

GAPDH 5'-CATGAGAAGTATGACAACAGCCT-3'
5'-AGTCCTTCCACGATACCAAAGT-3'

113 bp
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the cells adhere to Matrigel firmly were lysed in 20 μl MTT
for 4 hours at 37°C. Then 150 μl DMSO was added into
each well and spectrometric absorbance was measured at
the wavelength of 490 nm, the cell adhesion ratio was
determined as follow: (value of experimental group/value
of blank control - 1) × 100%. Each experiment was per-
formed at least three times independently.

Matrigel Invasion Assay
Cell invasiveness was determined in vitro to evaluate the
ability of SACC-M cell to transmigrate a layer of recon-
structed extracellular matrix (Matrigel). Three group cells
of SACC-M-WJ4, SACC-M and SACC-M-HK (3 × 105 cells
in 1 ml of DMEM containing 0.1% BSA) were assayed in
triplicate for Matrigel invasion at 37°C in a humid incu-
bator (95% air, 5% CO2) for 24 hours by using Millicell
chambers (Millipore, MD), respectively. The polycar-
bonate filters (13 mm in diameter, 8-μm pore size; Costar
Scientific, Cambridge, MA) were coated with Matrigel as
described in the introduction. DMEM medium condi-
tioned by NIH3T3 fibroblasts was used as a chemoattract-
ant and added into the lower compartment of the Millicell
chamber. DMEM containing 1% serum and 0.1% BSA was
added into the upper compartment of the Millicell cham-
ber instead of the chemoattractant. After 24 hours incuba-
tion, the filters were removed and fixed with methanol for
15 min; the cells on the upper side of the membrane were
removed. Invasive cells, which were able to breach 8 μm
pores and grew on the lower side, were stained with hema-
toxylin and eosin, the cells migrating to the lower side of
the PVPF membrane were counted under the inverted
microscope (Olympus PM-10A, Japan) in 5 fields selected
randomly (100× magnification). Each experiment was
repeated three times.

Wound Healing Assay
Wound healing assay was carried out to determine the cell
protrusion and migration ability of tumor cells. SACC-M
cells and their derivative cell lines were seeded into 6-well
dishes and grew until 80% - 90% confluence. Sterilized
one-milliliter pipette tip was used to generate wounding
across the cell monolayer, and the debris was washed with
PBS. Migration of cells into the wound was then observed
at different time. Cells migrated into the wounded area or
protruded from the border of the wound were visualized
and photographed under the inverted microscope at dif-
ferent time. A total of nine areas were selected randomly
in each well by a 100× magnification and cells in three
wells of each group were quantified in each experiment.
Experiments were carried out in triplicate at least three
times.

Experimental Lung Metastasis
Twenty 4-week-old female BALB/C nude mice were rand-
omized into 4 groups of 5 mice each. The tail veins of
nude mice were injected with 0.2 ml of cell suspension

containing 2 × 106 cells of SACC-M-WJ4, SACC-M-HK and
SACC-M, respectively, and normal saline (N.S) instead of
tumor cells was injected into the tail veins acted as normal
control. The nude mice were sacrificed at the 6th week after
injection. The fresh lung samples were harvested and
weighed; the metastasis rates and the number of metasta-
sis nodules on the lung surface were detected. The lung
samples were used for histopathology analysis. Formalin-
fixed/paraffin-embedded specimens were prepared by
ordinary procedures, 4 μm thick sections were stained
with hematoxylin and eosin, and then examined under
the microscope (Olympus AX-80, Japan) to evaluate the
morphological changes of metastasis tumors. The size and
metastasis grading were detected.

Statistical Analysis
Software SPSS 10.0 was used for all statistical evaluation.
All data were expressed as mean ± standard error. Data
were analyzed for statistical significance by using one-way
ANOVA. P < 0.05 was considered statistically significant.

Results
Construction of shRNA vector targeting human XTLY-I 
gene and the isolation of clones stably expressing shRNA 
targeting XTLY-I
The plasmid Pgenesil-1 has PstI digestion sites. After the
insertion of segments of target gene template DNA, the
PstI digestion sites were replaced. In the inserted target
gene template DNA, a SalI digestion site was designed
between BamHI and HindIII of Pgenesil-1. Once it was
correctly inserted, SalI produced a 400 bp DNA segment
and it was correctly identified. The bacteria solution of
transformation was tested by Shanghai Yingjun Company
with the results in agreement with the design. The eukary-
otic expression vector of shRNA targeting human XTLY-I
gene was constructed and named shRNA-WJ4. The nega-
tive control plasmid was named shRNA-HK. Successful
constructions were identified by digestion and sequencing
analysis (Fig. 1B). The plasmid shRNA-WJ4 and negative
control shRNA-HK was transfected into SACC-M cells,
respectively. SACC-M cells transfected with the plasmids
expressed green fluorescent successfully. Transfection effi-
ciency (≈ 70%) was evaluated after 48 hours of transfec-
tion (Fig. 2B). After G418 selection for about 3 weeks, the
stable sub-clone cells named SACC-M-WJ4 (expressed
shRNA-WJ4) were isolated and pooled together for fur-
ther analysis (Fig. 2C). The negative control SACC-M-HK
cell expressed shRNA-HK was isolated by the same
method and no obvious change in cell morphology was
observed in comparison with the parental cells (Fig. 2A).
These clones were used for the subsequent experiments

ShRNA expressing vector inhibited XTLY-I gene and 
proteoglycans secreted by SACC-M cells decreased
In order to detect the silence efficiency of shRNA expres-
sion vector targeting XTLY-I gene, real-time PCR was per-
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formed to detect the mRNA expression. The protein
expression of XTLY-I was detected by Western blot analy-
sis as well in the stably transfected cells and their parental
cells. The results showed that the XTLY-I mRNA of SACC-
M-WJ4 cells was 0.381 consistent with the protein expres-
sion levels (0.103) (Fig. 3A-F & Table 2). The results of
Western blot demonstrated clearly that SACC-M-WJ4 cells
showed a dramatic decrease in the expression of XTLY-I
protein (Fig. 4A-B & Table 2). The RNAi plasmid shRNA-
WJ4 showed powerful RNAi effect compared with the two
controls. The mRNA expression of SACC-M-WJ4
decreased by 86.81%, and the protein expression was
decreased by 80.10%, respectively. The data demonstrated
that DNA-based shRNA vector constructed in this study
was effective in XTLY-I gene silence in SACC-M-WJ4 cells.

Then the level of proteoglycans (the total GAGs) secreted
by the three group cells was tested by biocolor method.

Overall, the GAGs secreted by the three kinds of cells from
24 hours to 96 hours were much more than that of 96
hours to 120 hours. The detail data showed that the effec-
tive silence of human XTLY-I gene reduced the secretion of
GAGs dramatically in SACC-M-WJ4 cells as shown in
Table 3 and Fig. 5. Compared with the parental SACC-M
cells and SACC-M-HK cells, the total GAGs selected by
SACC-M-WJ4 cells decreased significantly during the
whole experimental period, there was significant differ-
ences between SACC-M-WJ4 cells and SACC-M cells (P <
0.05); There was no significant difference between SACC-
M-HK cells and SACC-M cells at the secretion of GAGs (P
< 0.05). The total GAGs inhibitory rate of SACC-M-WJ4
cells was 58.17% (24 h), 66.06% (48 h), 57.91% (72 h),
59.36% (96 h), and 55.65% (120 h) respectively, as
shown in Table 4. These data indicated that the silence of
human XTLY-I gene was responsible for the suppression

SACC-M cells and the cell clone (A-C)Figure 2
SACC-M cells and the cell clone (A-C). (A): The SACC-M cells. (The inverted microscope, × 100); (B): Forty-eight hours 
after transfection with shRNA-WJ4 expressed green fluorescent protein (The inverted fluorescent microscope, × 100); (C): A 
cell clone of SACC-M-WJ4 selected with G418 (The inverted fluorescent microscope, × 100).
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of proteoglycans secretion and biosynthesis in SACC-M-
WJ4 cells.

Down-regulated proteoglycans inhibited the ability of 
adhesion and metastasis of SACC-M cells
It was generally believed that extracellular matrix mole-
cules were involved in tumor metastasis and proteogly-
cans contained lots of cell adhesion factors act as
important regulators in this metastasis. Cell adhesion to
extracellular matrix is a preliminary step during the inva-
sion and metastasis of tumor cell. Therefore, the effect of
down-regulated proteoglycans on tumor invasion was
investigated by observing the change of cell adhesion. The
detection of cell adhesion of SACC-M, SACC-M-HK and
SACC-M-WJ4 cells was performed by the adhesion assay.
The adhesion rate of group SACC-M -WJ4 was 13.43 ±
2.91%, much lower than that of group SACC-M (23.3 ±
3.96%) and group SACC-M- HK (22.43 ± 4.85%), P <
0.05. On adhesion assays, SACC-M-WJ4 cells showed a
42.36% decrease in binding to Matrigel compared with
that of the negative control. There was no significant dif-
ference between SACC-M-HK and SACC-M cells (shown
in Fig 6). The data demonstrated that reduction of prote-
oglycans could indeed decrease the ability of cells to
adhere to extracellular matrix molecules.

Suppression of proteoglycans decreased the ability of 
Matrigel transmembrane migration of SACC-M cells
Invasion of basement membranes is thought to be a criti-
cal event in tumor metastasis. It is known that proteogly-
cans secreted from the tumor cells was not only
responsible for the formation of basement membranes,
but also mediate the invasion of tumor cells. This process
is best evaluated in vitro by the transmigration of a biolog-
ically active matrix such as Matrigel. Therefore, we meas-
ured the ability of these cells to transmigrate through the
Matrigel membrane. Significant differences in cell inva-

The results of Real-Time PCR (A-F)Figure 3
The results of Real-Time PCR (A-F). (A) The amplifica-
tion fragment of XTLY-I gene; (B) The XTLY-I mRNA 
expression in different groups: Group SACC-M-WJ4 com-
pared with that of group SACC-M and SACC-M-HK (P < 
0.05); (C) The fluorescent quantitative curve of positive 
standard samples of XTLY-I gene; (D) The fluorescent quan-
titative standard curve of XTLY-I gene; (E) The fluorescent 
quantitative curve of standard samples of GAPDH; (F) The 
fluorescent quantitative standard curve of GAPDH.

The protein expression of XTLY-I by Western blot analysisFigure 4
The protein expression of XTLY-I by Western blot 
analysis. (A): Detection of XTLY-I protein expression in dif-
ferent groups by Western blot analysis. Band of XTLY-I (120 
kDa.) was identified in different cells. Lane 1: SACC-M cells; 
lane 2: SACC-M-HK cells; lane 3: SACC-M-WJ4 cells. Fig. 4 
(B): The comparison of XTLY-I protein expression in differ-
ent groups. Value (XTLY/GAPDH) means the band inte-
grated opitical density (IOD) ratio of XTLY and GAPDH.

Table 2: The expression of mRNA and protein of XTLY-I gene 
(mean ± SD)

Value SACC-M SACC-M-HK SACC-M-WJ4

mRNA 2.609 ± 0.001 2.898 ± 0.025 0.381 ± 0.000
Protein 0.518 ± 0.036 0.446 ± 0.062 0.103 ± 0.030
Statistic result* A A B

*The same letters in the statistical results between the two groups 
showing no significant difference, while different letters showing 
significant differences.
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sion were observed in this analysis. As shown in Fig. 7: A-
D, under the same condition of incubating, SACC-M-WJ4
cells display a significantly lower transmembrane migra-
tion activity (Fig. 7C). The transmembrane cell of group
SACC-M-WJ4 cells was 41.50 ± 8.35; much lower than
that of group SACC-M-HK (83.53 ± 10.21) (Fig. 7A) and
group SACC-M cells (90.50 ± 15.28) (Fig. 7B), P < 0.05;
the transmembrane cells of group SACC-M-WJ4 was
decreased by 54.14% compared with that of the negative
control. There was no significant difference between
SACC-M-HK and SACC-M cells. These data showed that
SACC-M-WJ4 cells with down-regulated proteoglycans
could inhibit the ability of their invasion through
Matrigel.

Suppression of proteoglycans secretion decreased cell 
mobility
The metastatic potential of tumors depends on the ability
of tumor cell to invade and migrate to distant sites. Active
cell motility is another important step of tumor cell inva-
sion. The mobility of cells was measured by using a well-
established wound healing assay in vitro. The results
showed that after 12 hours of scraping, the cells of group
SACC-M-WJ4 migrating into the wounding region was
115.92 ± 6.81, much less than that of group SACC-M-HK
(283.53 ± 9.72) and group SACC-M (289.50 ± 23.02),
such changes were statistically significant, P < 0.01. There
was no significant difference between SACC-M-HK and
SACC-M cells, as shown in Fig 8: A-I & Table 5.

Reduction of proteoglycans decreased the lung metastasis 
of SACC-M cells
We also tested the effects of down-regulated proteoglycans
on the potential metastasis of lung. SACC-M-WJ4, SACC-
M-HK and SACC-M cells were injected into the tail veins
of nude mice, respectively. The results showed that the
parental SACC-M cells resulted in the extensive lung
metastases (Fig. 9B), whereas the inhibition of proteogly-
cans synthesis in SACC-M-WJ4 cells reduced the lung
metastasis significantly (Fig. 9D). The lung metastasis of
group SACC-M-WJ4 was decreased to 40% (2/5), signifi-
cantly lower than that of group SACC-M-HK (100%) (Fig.
9C) and group SACC-M (100%), P < 0.05. The number of
metastasis nodes on the surface of lung was 49.4 ± 4.81 in
group SACC-M, 41.6 ± 8.09 in group SACC-M-HK and 4.8
± 3.89 in group SACC-M-WJ4, respectively, P < 0.01(Fig.
9E-F). The lung wet weight of group SACC-M-WJ4 (0.226
± 0.83 g) was significantly lower than that of group SACC-
M (0.897 ± 0.21 g) and group SACC-M-HK (0.786 ± 0.28
g), P < 0.01, shown in Table 6; there was no significant dif-
ference between group SACC-M-WJ4 and group N.S
(0.196 ± 0.03 g) (Fig. 9A &9D). This suggested an impor-
tant role of proteoglycans in the metastasis of SACC-M
cell (Table 6). Multinodular lesions on the surface and
inside of lung in group SACC-M-HK and group SACC-M
were observed, the sizes were from miliaria to pea, some
were larger to integrate several protuberances on the sur-
face. In group SACC-M-WJ4 only two mice had lung
metastasis with miliary nodules (Fig. 9E, &10).

The histopathological analysis of the lung samples
showed that no lung metastasis was found in group N.S,
and the normal structure of lung could be observed clearly
(Fig. 10A). The normal structures of lungs in group SACC-

The GAGs contents of the three groups in different time (μg/106 cells)Figure 5
The GAGs contents of the three groups in different 
time (μg/106 cells).

Table 3: The total GAGs content in each group (μg/106 cells) 
(mean ± SD, n = 3)

Times SACC-M SACC-M-HK SACC-M-WJ4

24 h 20.56 ± 1.03 19.85 ± 0.84 8.60 ± 0.94
48 h 48.71 ± 1.07 39.97 ± 1.34 16.53 ± 0.89
72 h 68.73 ± 3.23 65.19 ± 3.56 28.93 ± 1.34
96 h 91.0 ± 3.06 88.64 ± 3.52 41.56 ± 3.82
120 h 93.70 ± 3.08 91.21 ± 2.89 36.98 ± 2.47

Table 4: The inhibitory rate of total GAGs contents (%)

Group 24 h 48 h 72 h 96 h 120 h

SACC-M-HK 3.45 17.94 5.15 2.59 2.66
SACC-M-WJ4 58.17 66.06 57.91 59.36 55.65

The comparsion of cell adhesion rate of three groupsFigure 6
The comparsion of cell adhesion rate of three groups.
Page 9 of 15
(page number not for citation purposes)



BMC Cancer 2009, 9:456 http://www.biomedcentral.com/1471-2407/9/456
M (Fig. 10B) and group SACC-M-HK (Fig. 10C) were
almost destroyed. The lungs were full of metastasis nod-
ules with different sizes. The tumor cells were round or
polyhedral with eosinophilic cytoplasm and round
nucleus, arranged in dense clumps of solid, many mitoses
could be observed. Pulmonary vascular cavities were in
condition of hyperaemia. Only a few metastasis nodules
were found in the two lung samples of group SACC-M-
WJ4 and the normal structure of them was still remained
(Fig. 10D). The size of the metastasis nodule in group
SACC-M-WJ4 was much smaller than that of group SACC-
M and group SACC-M-HK, wrapped by an incomplete
capsule. Some of them were only cell lumps. The tumor
cells arranged loose with less mitosis. These data showed
that reduction of proteoglycans decreased the lung metas-
tasis of SACC-M cells.

Discussion
As a type II transmembrane proteins localized in Golgi
apparatus, human XTLY-I is a member of glycosyltrans-
ferase family 14, whose systematic name is UDP-α-D-
xylose: proteoglycan core protein β-D-xylosyltransferase.
It has determined that XTLY-I catalyzes the initial step in

Suppression of proteoglycans hampered transmembrane migration ability of SACC-M-WJ4 cellsFigure 7
Suppression of proteoglycans hampered transmem-
brane migration ability of SACC-M-WJ4 cells. (A): 
SACC-M cells migrating to the lower side of membrane 
coated by Matrigel; (B): SACC-M-HK cells migrating to the 
lower side of membrane coated by Matrigel; (C): SACC-M-
WJ4 cells migrating to the lower side of membrane coated by 
Matrigel; (D): Compared with group SACC-M and group 
SACC-M-HK, the invading ability of SACC-M-WJ4 reduced 
by over 50%.

Table 5: The results of wound healing assay (Mean ± SD)

Group Cell numbers

SACC-M 289.50 ± 23.02 *
SACC-M-HK 283.53 ± 9.72**
SACC-M-WJ4 115.92 ± 6.81

*compared with group SACC-M-WJ4: P < 0.01;
**compared with group SACC-M-WJ4: P < 0.01;
*compared with **: P > 0.05.

Suppression of proteoglycans decreased the migration of SACC-M-WJ4 cellsFigure 8
Suppression of proteoglycans decreased the migra-
tion of SACC-M-WJ4 cells. (A): Wound healing assay of 
group SACC-M (0 h); (B): Wound healing assay of group 
SACC-M (12 h); (C): Wound healing assay of group SACC-
M-HK (0 h); (D): Wound healing assay of group SACC-M-HK 
(12 h); (E): Wound healing assay of group SACC-M-WJ4 (0 
h); (F): Wound healing assay of group SACC-M-WJ4 (12 h); 
(G): Wound healing assay of group SACC-M (48 h); (H): 
Wound healing assay of group SACC-M-HK (48 h) (I): 
Wound healing assay of group SACC-M-WJ4 (48 h).
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which GAGs chains were attached to the core protein. This
step is rate-limited and is thought to be the most impor-
tant regulator in proteoglycans biosynthesis [6,25].
Recent advances in mammalian have showed that XTLY-I
activity is a biochemical marker for the assessment of pro-
teoglycan-associated diseases [26], such as systemic scle-
rosis, diabetic nephropathy, osteoarthritis,
pseudoxanthoma elasticum (PXE), etc. The studies
pointed out the important role of XTLY-I as a disease
modifier in pathologies with an altered proteoglycans
metabolism. In vivo in salivary gland, the acinus and duct
cells do not produce and secrete proteoglycans, so they do

not express proteoglycans and XTLY-I. Recently years, the
research of Jie W. et al. had demonstrated that the normal
myoepithelial cells do not synthesize and secrete prote-
oglycans, but when they transform to tumor cells, the neo-
plastic myoepithelial cells in salivary gland tumors, they
have the ability to synthesize and secrete proteoglycans
abnormally [14,27]. The similar results had been also
demonstrated by other researches [28,29]. As the crucial
impact of XTLY-I on proteoglycans synthesis and in order
to determine the role of proteoglycans in the metastasis of
human SACC, XTLY-I gene was blocked by shRNA expres-
sion vector to suppress the biosynthesis of proteoglycans
in SACC-M cells. This study showed that the biosynthesis
and secretion of proteoglycans could be supressed in
tumor cells by the silence of XTLY-I.

RNAi in mammalian is to inhibit the function of specific
gene by introducing siRNA or siRNA expression vector
with high silent efficiency into subjects (such as cells, tis-
sues, etc.). For effective gene silence mediated by RNAi,
vector plasmids have been constructed to express siRNA as
inverted repeats showing similar potency to initial RNAi.
These siRNA-like molecules are commonly designated as
shRNA. For generating shRNAs, these vectors have been
designed to be able to obtain the stable expression of
shRNA by using strong RNA polymerase-II-dependent
promoters like CMV, or RNA polymerase-III promoters
like U6 or H1. As RNA polymerase-III expression systems
can offer a great potency for maintaining stable expression
of short RNA molecules in vitro as well as in vivo [20], the
U6-driven expression vector Pgensil-1 was applied in this
study. The size of the loop structure of shRNA has a con-
siderable influence on the gene suppression activity. A
mounting research reported that a 9-nucleotide loop
showed more effects than a 7-nucleotide or 5-nucleotide
loop [30-32]. Therefore, the shRNA was designed with a
9-nucleotide loop in this study.

The DNA-based vector plasmid shRNA-WJ4 in this study
showed powerful RNAi efficiency, whereas the negative
control shRNA-HK did not show any significant RNAi
effect on SACC-M cells. When mRNA and protein levels of
XTLY-I were measured simultaneously, there was a good
match between RNA transcript loss and protein loss, indi-
cating that the primary mechanism of gene knockdown
was RNA transcript-mediated knockdown, which required
a high degree of sequence homology between the siRNA
and target sequences.

After the silence of XTLY-I gene, the cells could not synthe-
size the following GAGs chain, which attached to the core
protein of proteoglycans, then the biosynthesis of prote-
oglycans could not be achieved [33]. As proteoglycans
were secreted mainly into the extracellular matrix, the
total GAGs in cell culture medium were the proteoglycans

Table 6: Lung weight with metastatic nodes (Mean ± SD)

Group Wet weight (g)

SACC-M 0.897 ± 0.21*
SACC-M-HK 0.786 ± 0.28**
SACC-M-WJ4 0.226 ± 0.83
N.S 0.196 ± 0.03

*compared with group SACC-M-WJ4 and group NS, respectively: P < 
0.01; **compared with group SACC-M-WJ4 and group NS, 
respectively: P < 0.01; *compared with **: P > 0.05;
group SACC-M-WJ4 compared with group N.S: P > 0.05.

Lung metastasis samples of different groups (A-E)Figure 9
Lung metastasis samples of different groups (A-E). 9 
(A) The normal lung of group N.S without metastatic tumor; 
(B) The lungs of group SACC-M with many metastatic 
tumors; (C) The lungs of group SACC-M-HK full of meta-
static tumors; (D) The lungs of group SACC-M-WJ4 with few 
metastatic tumors; (E) The lung samples of the different 
group fixed with Formalin. (F) The number of metastasis 
node on lung surface of different group.
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secreted by SACC-M cells indeed. The data of this research
showed that the silence of human XTLY-I gene resulted in
the inhibition of proteoglycans secretion. The total GAGs
secreted by SACC-M-WJ4 cells reduced dramatically dur-
ing the experimental times. Meanwhile, we also trans-
fected SACC-83 cells with shRNA-WJ4 plasmid, the
reduction of total GAGs was observed clearly (data not
shown). The data demonstrated that the expression of
XTLY-I gene was related to proteoglycans level closely.

Invasion and metastasis are the major biological charac-
teristics of SACC, and also an important indicator of
malignancy. Extracellular matrix plays an important and
necessary role in the process of tumor invasion and metas-
tasis. Extracellular matrix mainly consists of two com-
pounds: basement membrane and connective tissue.
Since most proteoglycans such as heparan sulphate prote-
oglycan (HSPG), keratan sulphate proteoglycan (KSPG),

chondroitin sulfate proteoglycans (CSPG) etc. express on
the surface of cytoplasmic membrane and deposit in the
extracellular space, they are not only the major compo-
nent of mesenchyme but also the main component of
basement membrane. The secretion level and the type of
proteoglycans impact the function of extracellular matrix
in tumor to a great degree [1].

SACC is the most characteristic malignancy of oral and
maxillofacial regions. Previous studies showed that neo-
plastic myoepithelial cells in SACC secreted different pro-
teoglycans including HSPG, KSPG, CSPG and hyaluronan
(HA), etc. Proteoglycans, which showed complex effect on
tumor invasion and metastasis, were closely related to the
invasion and metastasis of SACC [28,34,35]. SACC histo-
logically characterized by a cribriform appearance
resulted from multi-pseudocystic spaces. Evidences indi-
cated that extracellular matrix molecules and their recep-

Histological observation of the lung in four groups (A-D)Figure 10
Histological observation of the lung in four groups (A-D). (A): The normal lung of group NS (HE × 100); (B) Many met-
astatic nodes in the lung of group SACC-M (HE × 100); (C) Many metastatic nodes in the lung of group SACC-M-HK (HE × 
100); (D) Only a few smaller metastatic nodes in the lung of group SACC-M-WJ4 (HE × 100).
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tors played important role in the morphogenesis of SACC.
Clinical data showed that SACC with cribriform pattern
had a better prognosis than those with a solid pattern.
There were more patients with solid pattern occurring
early recurrence and distant metastases. Although SACC
patients with a cribriform pattern rich in proteoglycans
had less distant metastasis, they underwent local recur-
rence more easily. However, solid SACC lack of proteogly-
cans had the worst survival rate in all kinds of SACC
[29,35-38]. It seemed to imply that abundant proteogly-
cans in extracellular matrix could suppress the invasion of
SACC. SACC-M cells are highly invasive and tumorigenic
isolated from a SACC cell line SACC-2 that derived from
human minor salivary gland in palate. Some scholars had
compared the proteoglycans expression in SACC-M cell
and its parental cell SACC-2; the expression of proteogly-
cans was significant higher in SACC-M cells with a high
potential metastasis. The speed of proteoglycans biosyn-
thesis and deposition in the extracellular matrix was sig-
nificantly increased than that of SACC-2 cells [39].
Kimuras et al. [29] had found in their study, the ability of
cell adhesion and growth was enhanced significantly
when the cells were cultured in the media rich of prote-
oglycans. These researches supported that the existence of
sufficient proteoglycans promoted the metastasis of
tumor.

The metastasis of tumor is a continuous process involved
in a variety of factors with homologous target. The basic
process of metastasis includes that tumor cells separate
away from the surrounding cells and migrate to the extra-
cellular matrix, then adhere to the basement membrane
and degrade them; simultaneously the cells infiltrate the
vascular and get to the target organ by degrading the wall
proteins. With the rapid proliferation of tumor cells and
the formation of new blood vessels, a metastasis neo-
plasm could successfully migrate to the distant organs. As
our knowledge, separation from the original tumor, cell
adhesion and degradation of the basement membrane
were the initial steps of tumor cell metastasis. Cell adhe-
sion to the basement membrane and destroying of base-
ment membrane were the key to tumor metastasis
procession. In tumors with high potential invasion and
metastasis, the cell adhesion of homogeneity usually
declined, whereas the cell adhesion of heterogeneity
increased [40,41]. In this study, the reduction of prote-
oglycans could inhibit the adhesion, invasion and metas-
tasis ability of SACC-M-WJ4 cells, the lung metastasis rate
was decreased to 40%, much lower than that of SACC-M
cells (100%). In our transient transfection of SACC-83
cells with shRNA-WJ4, the proliferation of tumor cell was
inhibited and the cell metastasis ability in vitro was sup-
pressed significantly compared with that of the control
(data not shown). The results suggested that proteogly-
cans perhaps provide an important support in the metas-
tasis of SACC cells.

Although the amount of different proteoglycans secreted
by the cells was not tested in this research, the results in
previous reports had shown that the main proteoglycans
secreted by SACC-M cells were HSPG, few CSPG, biglycan,
lumican, dermatan sulfate proteoglycans (DSPG), and
some core protein as well [28,39,42]. The proteoglycans
reduction was possible the suppression of HSPG to a great
degree, which was related closely to the ability of cell
migration and invasion. So, SACC-M-WJ4 cells showed
obviously lower lung metastasis than that of SACC-M cells
in this study.

It has been proved that there were many cell adhesion fac-
tors such as growth factors, cytokines and their receptor
that located in the GAGs chains. Proteoglycans had a reg-
ulatory role of cell adhesion and cell activity [43,44]. It is
known that the signal transfer of proteoglycans may medi-
ate the tumor metastasis, whereas HSPG is nearly the most
powerful proteoglycans, which carries out this function. It
has been known that HSPG synthesized inside the cells
stay on the cell membrane for a very short time, and then
deposit in the out space of cells. During this process over
dozens of HSPG play different functions to regulate the
cell metastasis [44-47].

It had been found that over-expression of HSPG pro-
moted the growth of SACC. Over-expression of HSPG is
often a prerequisite for the invasion and metastasis of
tumor cells. HSPG is not only acted as an important com-
ponent of basement membrane material, but also
involved in the degradation of basement membrane
[48,49]. As the most important transmembrane prote-
oglycans, HSPG plays a decisive role in regulating cell
adhesion and transmembrane signal transfer.

Meanwhile, many studies have confirmed that proteogly-
cans could combine with lots of cell factors such as HGF,
bFGF, VEGF, etc. to participate in the formation of
induced angiogenesis, which is the necessary process to
trigger tumor invasion and migration [50,51]. In the
research of myoepithelial salivary tumors, it had been
found that the proportion of HSPG/CSPG in the tumor
cells was closely related to the tumor metastasis. The up-
regulation of HSPG/CSPG proportion enhanced the abil-
ity of tumor metastasis, whereas the decline of CSPG/
DSPG inhibited tumor metastasis [52,53].

Some scholars had proposed that the proteoglycans
secreted by SACC cells provided sufficient nutrition for
the proliferation of the tumor cells [54]. Simultaneously
the signal receptors and cell adhesion factors holding by
proteoglycans could mediate the metastasis of tumor cells
and promote the invasion of SACC to distant organs.
Some researches also suggested that proteoglycans
secreted by SACC cells support the perineural invasion
during which energy was poorly supplied by tumor cell
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[55,56]. In our study, the data implied that the abnormal
biosynthesis of proteoglycans in SACC-M cells might be a
promoter for the invasion and metastasis of tumor cells.

The reduction of proteoglycans in this study resulted in
the inhibition of SACC-M cells adhesion, invasion and
migration. The probable reason might be as follows: 1)
Cells adhesion factors involved in cell invasion and
migration were lost or suppressed by the poor proteogly-
cans in tumor cells. 2) The decline of proteoglycans on the
surface of cytoplasmic membrane or in extracellular
matrix inhibited the signal transfer of cells and decreased
the cells metastasis. 3) The cell transfer factors could not
carry out their function actively without some kind of pro-
teoglycans and their corresponding receptors. It had been
known that the abnormal secretion of proteoglycans
could result in the dramatically proliferate of cells and this
is probably the mechanism of tumorigenesis [44,56]. We
also found in other part of our research that the down-reg-
ulated proteoglycans had suppressed the proliferation of
SACC-M cells dramatically (data not shown). With the
decline of proteoglycans, the growth of tumor cells might
be suppressed and this might result in the pronounced
inhibition of the metastatic activity of SACC cells.

Conclusions
To Sum up, in this research the knockdown of XYLT-I gene
in SACC-M cells by RNAi was effective. The significant
inhibition of proteoglycans biosynthesized by SACC-M
cells was detected. Our data clearly demonstrated that the
reduction of proteoglycans could suppress the biological
activities of SACC-M cells including cell adhesion, inva-
sion and lung metastasis. This research not only approved
a close relationship between proteoglycans and the metas-
tasis of SACC, but also provided a new idea for the clinical
treatment of SACC.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
HS carried out the cell and mice experiments, participated
in the construction of shRNA and drafted the manuscript.
XW participated in SACC cell culture and the statistical
analysis. HL and YH participated in the injections in mice
and histological analysis. JW conceived the study, and
participated in all the experiment and revised the manu-
script. FD provided general support. All authors read and
approved the final manuscript.

Acknowledgements
The authors are grateful to Dr. Junxia Wang, Dr. Jun Hao, Dr. Chao Wang 
and Dr. Shifang Yang for their excellent technical help in the study. We 
thank Dr. Jian Wang for the data analysis. The authors are grateful to Hong-
tao Gu for her technical help in histological study. This research was sup-

ported by the grant from the Natural Sciences Foundation of Hebei 
province, P. R. China (No. C2006000796).

References
1. Iozzo RV: Matrix proteoglycans: from molecular design to cel-

lular function.  Annu Rev Biochem 1998, 67:609-652.
2. Kjellen L, Lindahl U: Proteoglycans: structures and interac-

tions.  Annu Rev Biochem 1991, 60:443-475.
3. Mulloy B, Forster MJ: Conformation and dynamics of heparin

and heparan sulfate.  Glycobiology 2000, 10:1147-1156.
4. Kazuyuki S, Hiroshi K: Heparin and Heparan sulfate Biosynthe-

sis.  IUBMB Life 2002, 54:163-175.
5. Bame KJ, Venkatesan I, Stelling HD, Tumova S: The spacing of S-

domains on HS glycosaminoglycans determines whether the
chain is a substrate for intracellular heparanases.  Glycobiology
2000, 10:715-726.

6. Muller S, Schottler M, Schon S, Prante C, Brinkmann T, Kuhn J,
Gotting C, Kleesiek K: Human xylosyltransferase I: functional
and biochemical-characterization of cysteine residues
required for enzymicactivity.  Biochem J 2005, 386(Pt
2):227-236.

7. Gotting C, Kuhn J, Zahn R, Brinkmann T, Kleesiek K: Molecular
cloning and expression of human UDP-D-Xylose: Proteogly-
can Core Protein β-D- Xylosyltransferase and its first iso-
form XT-II.  J Mol Biol 2000, 304:517-528.

8. Kuhn J, Prante C, Schon S, Gotting C, Kleesiek K: Measurement of
fibrosis marker xylosyltransferase I activity by HPLC elec-
trospray ionization tandem mass spectrometry.  Clin Chem
2006, 52:2243-2249.

9. Gotting C, Hendig D, Adam A, Schon S, Schulz V, Szliska C, Kuhn J,
Kleesiek K: Elevated xylosyltransferase I activities in pseudox-
anthoma elasticum (PXE) patients as a marker of stimulated
proteoglycan biosynthesis.  J Mol Med 2005, 83:984-992.

10. Gotting C, Kuhn J, Sollberg S, Huerkamp C, Brinkmann T, Krieg T,
Kleesiek K: Elevated serum xylosyltransferase activity corre-
lated with a high level of hyaluronate in patients with sys-
temic sclerosis.  Acta Derm Venereol 2000, 80:60-61.

11. Bradley PJ: Adenoid cystic carcinoma of the head and neck: a
review.  Curr Opin Otolaryngol Head Neck Surg 2004, 12:127-132.

12. Spiro RH: Distant metastasis in adenoid cystic carcinoma of
salivary origin.  Am J Surg 1997, 174:495-498.

13. William H, Westra MD: The surgical pathology of salivary gland
neoplasms.  Otolaryngol Clin North Am 1999, 32:919-943.

14. Jie W, Qiguang W, Kai-hua S: The relationship between the
secretion of proteoglycan and the histological types of sali-
vary adenoid cystic carcinoma.  Zhonghua Yixue Zazhi 1994,
74:434-435. Article in Chinese

15. Nakanishi K, Kawai T, Suzuki M, Shinmei M: Glycosaminoglycans
in pleomorphic adenoma and adenoid cystic carcinoma of
the salivary gland.  Arch Pathol Lab Med 1990, 114:1227-1231.

16. Allon I, Vered M, Buchner A, Dayan D: Stromal differences in sal-
ivary gland tumors of a common histopathogenesis but with
different biological behavior: A study with picrosirius red and
polarizing microscopy.  Acta Histochemca 2006, 108:259-264.

17. Pappas TC, Bader AG, Andruss BF, Brown D, Ford PL: Applying
small RNA molecules to the directed treatment of human
diseases: realizing the potential Expert Opin.  Ther Targets
2008, 12:115-127.

18. Shi H, Jie W, Fusheng D, Xu W, Hongtao G, Lijie Y: Preparation
and identification of anti-human polyclonal antibody against
xylosyltransferase-I.  Xibao Yu Fenzi Mianyixue 2007, 23:1028-1030.
1040. Article in Chinese

19. Tuschl T: Expanding small RNA interference.  Nat Biotechnol
2002, 20:446-448.

20. Brummelkamp TR, Bernards R, Agami R: A System for Stable
Expression of Short Interfering RNAs in Mammalian Cells.
Science 2002:550-553. Article in Chinese

21. Shi H, Jie W, Xu W, Yali H: Construction of Eukaryotic Expres-
sion Vector of Short Hairpin RNA against Human Xylosyl-
transferase-I Gene.  Huaxi Kouqiang Yixue Zazhi 2008, 11:206-210.
Article in Chinese

22. Higuchi R, Fockler C, Dollinger G, Watson R: Kinectic PCR: Real-
time monitoring of DNA amplification reactions.  Biotechnol-
ogy 1993, 11:1026-1030.
Page 14 of 15
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9759499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1883201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1883201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11087707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11087707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12512855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12512855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11099377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11099377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17040958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17040958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17040958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16133423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16133423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16133423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10721843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10721843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10721843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9374223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9374223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2174671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2174671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2174671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11910072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11910072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7764001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7764001


BMC Cancer 2009, 9:456 http://www.biomedcentral.com/1471-2407/9/456
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

23. Yoneno K, Ohno S, Tanimoto K, Honda K, Tanaka N, Doi T, Kawata
T, Tanaka E, Kapila S, Tanne K: Multidifferentiation potential of
mesenchymal stem cells in three-dimensional collagen gel
cultures.  J Biomed Mater Res 2005, 75:733-741.

24. French MM, Rose S, Canesco J, Athanasiou KA: Chondrogenic dif-
ferentiation of adult dermal fibroblasts: musculoskeketal
engineering.  Ann Biomed Engineer 2004, 32:50-56.

25. Schon S, Prane C, Bahr C, Knut J, Kleesiek K, Gotting C: Cloning
and recombinant expression of active full-length xylosyl-
transferase I (XT-I) and characterization of subcellular local-
ization of XT-I and XT-II.  J Biol Chem 2006, 281:14224-14231.

26. Wilson IB: The never-ending story of peptide O-xylosyltrans-
ferase.  Cell Mol Life Sci 2004, 61(7-8):794-809.

27. Wang Jie, Qiguang W, Kai-hua S: An electron microscopic histo-
chemical study on proteoglycans in salivary gland myoepi-
thelioma.  Zhonghua Kouqiang Yixue Zazhi 1995, 30(4):215. Article
in Chinese

28. Kimura S, Cheng J, Ida H, Hao N, Fujimori Y, Saku T: Perlecan
(heparan sulphate proteoglycan) gene expression reflected
in the characteristic histological architecture of salivary ade-
noid cystic carcinoma.  Virchows Arch 1999, 437:122-128.

29. Kimura S, Cheng J, Toyoshima K, Oda K, Saku T: Basement mem-
brane heparan sulfate proteoglycan (perlecan) synthesized
by ACC3, adenoid cystic carcinoma cells of human salivary
gland origin.  J Biochem 1999, 125:406-413.

30. Paddison PJ, Caudy AA, Bernstein E, Hannon GJ, Conklin DS: Short-
hairpin RNAs (shRNAs) induce sequence- specific silencing
in mammalian cells.  Genes & Dev 2002, 16:948-958.

31. Paddison PJ, Caudy AA, Hannon GJ: Stable suppression of gene
expression by RNAi in mammalian cells.  Proc Natl Acad Sci USA
2002, 99:1443-1448.

32. Soutschek J, Akinc A, Bramlage B, Charisse K, Constien R, Donoghue
M, Elbashir S, Geick A, Hadiwger P, Harborth J, John M, Kesavan V,
Lavine G, Pandey RK, Racie T, Rajeev KG, Rohl I, Toudjarska I, Wang
G, Wuschko S, Bumcrot D, Koteliansky V, Limmer S, Manoharan M,
Vornlocher H: Therapeutic silencing of an endogenous gene
by systemic administration of modified siRNAs.  Nature 2004,
432:173-178.

33. Muller S, Disse J, Schotter M, Schon S, Prante C, Brinkmann T, Kuhn
J, Kleesiek K, Gotting C: Human xylosyltransferase I and N-ter-
minal truncated forms: functional characterization of the
core enzyme.  Biochem J 2006, 394(Pt 1):163-171.

34. Kusafuka K, Ishiwata T, Sugisaki Y, Takemura T, Kusafuka M, Hisha H,
Ikehara S: Lumican expression is associated with the forma-
tion of mesenchyme-like elements in salivary pleomorphic
adenomas.  J Pathol 2004, 203:953-960.

35. Zhao M, Takata T, Ogawa I, Toshika K, Koli K, Hiromasa N: Immu-
nohistochemical evaluation of the small and large proteogly-
cans in pleomorphic adenoma of salivary glands.  J Oral Pathol
Med 1999, 28:37-42.

36. Munakata R, Irie T, Cheng J, Nakajima T, Saku T: Pseudocyst for-
mation by adenoid cystic carcinoma cells in collagen gel cul-
ture and in SCID mice.  J Oral Pathol Med 1996, 25:441-448.

37. Barsky SH: Myoepithelial mRNA expression profiling reveals a
common tumor-suppressor phenotype.  Exp Mol Pathl 2003,
74:113-122.

38. Sternlicht MD, Safarians S, Rivera SP, Barsky SH: Characterizations
of the extracellular matrix and proteinase inhibitor content
of human myoepithelial tumors.  Lab Invest 1996, 74:781-796.

39. Jinxiong W, Jun Ch, Kaiyu R, Jin S, Yifang Z: Expression of HSPG
and Fibronectin mRNA in Metastatic ACC Cell Line.  Kou-
qiang Yixue Yangjiu 2004, 20:489-491. Article in Chinese

40. Lance A, Liotta , William G, Stetler-Stevenson : Tumor invasion
and metastasis: an imbalance of positive and negative regu-
lation.  Cancer Res 1991, 51(18 Suppl):5054-5059.

41. Nicolson GL: Organ specificity of tumor metastasis: role of
preferential adhesion, invasion and growth of malignant cell
at specific secondary sites.  Cancer Metastasis Rev 1988, 7:143-88.
Review

42. Cheng J, Irie T, Munakata R, Kimura S, Saku T, Nakamura H, He RG,
Liu R: Biosynthesis of basement membrane molecules by sal-
ivary adenoid cystic carcinoma cells: an immunofluores-
cence and confocal microscopic study.  Virchows Arch 1995,
426:7-586.

43. Ghiselli G, Eichstetter I, Iozzo RV: A role for the perlecan protein
core in the activation of the keratinocyte growth factor
receptor.  Biochem J 2001, 359(Pt 1):153-163.

44. Iozzo RV, San Antonio JD: Heparan sulfate proteoglycans: heavy
hitters in the angiogenesis arena.  J Clin Invest 2001, 108:349-355.

45. Sugahara K, Kitagawa H: Heparin and Heparan sulfate Biosyn-
thesis.  IUBMB Life 2002, 54:163-175.

46. Bame KJ, Venkatesan I, Stelling HD, Tumova S: The spacing of S-
domains on HS glycosaminoglycans determines whether the
chain is a substrate for intracellular heparanases.  Glycobiology
2000, 10:715-726.

47. Hashimoto Y, Skacel M, Adams JC: Association of loss of epithe-
lial syndecan-1 with stage and local metastasis of colorectal
adenocarcinomas: an immunohistochemical study of clini-
cally annotated tumors.  BMC Cancer 2008, 30:185.

48. Hara S, Nakashiro K, Goda H, Hamakawa H: Role of Akt isoforms
in HGF-induced invasive growth of human salivary gland can-
cer cells.  Biochem Biophys Res Commun 2008, 370:123-128.

49. Morais Freitas V, Nogueira da Gama de Souza L, Cyreno Oliveira E,
Furuse C, Cavalcanti de Araújo V, Gastaldoni Jaeger R, Malignancy-
related, 67KD laminin receptor in adenoid cystic carcinoma: Effect
on migration and β-catenin expression.  Oral Oncology 2007,
43:987-998.

50. Ghiselli G, Eichstetter I, Iozzo RV: A role for the perlecan protein
core in the activation of the keratinocyte growth factor
receptor.  Biochem J 2001, 359(Pt 1):153-163.

51. Tapanadechopone P, Tumova S, Jiang X, Couchman JR: Epidermal
transformation leads to increased perlecan synthesis with
heparin-binding-growth-factor affinity.  Biochem J 2001, 355(Pt
2):517-527.

52. Timar J, Ladanyi A, Lapis K, Moczar M: Differential expression of
proteoglycans on the surface of human melanoma cells char-
acterized by altered experimental metastatic potential.  Am
J Pathol 1992, 141:467-474.

53. Sternlicht MD, Safayians S, Rivera SP, Barsky S: Characterizations
of the extracellular matrix and proteinase inhibitor content
of human myoepithelial tumors.  Lab Invest 1996, 74:781-796.

54. Jie W, Qiguang W, Kaihua S, Chengrui B: Quantitative multivari-
ate analysis of myoepithelioma and myoepithelial carci-
noma.  Int J Oral Maxillofac Surg 1995, 24:153-157.

55. Franca CM, Jaeger MM, Jaeger RG, Araujo NS: The role of base-
ment membrane proteins on the expression of neural cell
adhesion molecule (N-CAM) in an adenoid cystic carcinoma
cell line.  Oral Oncol 2000, 36:248-252.

56. Dhodapkar MV, Abe E, Theus A, Lacy M, Langford JK, Barlogie B,
Sanderson RD: Syndecan-1 is a multifunctional regulator of
myeloma pathobiology: Control of tumor cell survival,
growth, and bone cell differentiation.  Blood 1998,
91:2679-2688.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/9/456/pre
pub
Page 15 of 15
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16569644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15095004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15095004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8745443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8745443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8745443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9990141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9990141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9990141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11959843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11959843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11959843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11818553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11818553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15538359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15538359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16225459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16225459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16225459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15258999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15258999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15258999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9890456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9890456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9890456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8930823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8930823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8930823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3293836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3293836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3293836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11489925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11489925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12512855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12512855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10910975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18355439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18355439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18355439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17257887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11563979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11284741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1379782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1379782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1379782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8606488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7608581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7608581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7608581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10745180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10745180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10745180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9531576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9531576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9531576
http://www.biomedcentral.com/1471-2407/9/456/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Reagents and Cell lines
	The Design of shRNA and the Construction of Expression Vector
	Cell Transfection and Generation of Stable Cell Line
	Real-Time Quantitative PCR for XTLY-I mRNA Expression
	Western Blot Analysis for XTLY-I Protein Expression
	Quantitation of Proteoglylcans (Total GAGs)
	Cell Adhesion to Matrigel
	Matrigel Invasion Assay
	Wound Healing Assay
	Experimental Lung Metastasis
	Statistical Analysis

	Results
	Construction of shRNA vector targeting human XTLY-I gene and the isolation of clones stably expressing shRNA targeting XTLY-I
	ShRNA expressing vector inhibited XTLY-I gene and proteoglycans secreted by SACC-M cells decreased
	Down-regulated proteoglycans inhibited the ability of adhesion and metastasis of SACC-M cells
	Suppression of proteoglycans decreased the ability of Matrigel transmembrane migration of SACC-M cells
	Suppression of proteoglycans secretion decreased cell mobility
	Reduction of proteoglycans decreased the lung metastasis of SACC-M cells

	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

