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Potential biological functions of microvesicles
derived from adenoid cystic carcinoma
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Abstract. Microvesicles (MVs) are secreted by multiple types
of tumor cell and are involved in tumor progression and metas-
tasis. The aim of the present study was to explore the effects of
MVs derived from salivary adenoid cystic carcinoma (SACC)
and to investigate their potential involvement in the pathogen-
esis of perineural invasion of SACC. M'Vs were isolated from
ACC:s cells, and differential gene expression profiles of these
MVs were compared with their donor cells to speculate on their
biological functions. Several candidate genes were validated
using reverse transcription-quantitative polymerase chain
reaction analysis. The effects of ACCs MVs on rat Schwann
cells (RSCI6 cells), which are the principal glia of the periph-
eral nervous system, were then evaluated by phospho-antibody
array performed on RSC96 cells transduced with ACCs MVs.
The results indicated that ACCs cells may produce MVs.
Microarray-based expression profiles between ACCs cells and
their M Vs identified 1,355 genes involved in cell adhesion,
development and the regulation of apoptosis. In addition, the
extracellular signal-regulated protein kinase signal pathway in
RSC96 cells may be induced by ACCs-derived MVs. These
results may help to elucidate the mechanisms underlying
perineural invasion in SACC, and to determine a promising
anti-tumor biological therapeutic target.

Introduction
Salivary adenoid cystic carcinoma (SACC) is a malignant tumor

of the salivary gland, with a poor prognosis and unknown
etiology (1). Perineural invasion, which is a distinctive biological
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characteristic of SACC, leads to permanent regional dysfunc-
tion, local tumor recurrence and shorter survival time in contrast
with other salivary tumors, despite definitive treatment (2). Thus,
it is important to unveil the mechanisms underlying perineural
invasion to develop more effective therapeutic strategies. SACC
cells and their neighbouring nerve tissues have previously been
demonstrated to interact through the release of several molecular
substances, which may alter the surrounding microenvironment
of nerve tissues to facilitate tumor cell gowth, proliferation and
invasion (3).

Microvesicles (M Vs) are spherical or saucer-shaped, bilayer
lipid membrane-bound vesicles, which are heterogeneous in
size (range, 30-1,000 nm) (4,5). MVs originate from multiple
types of tumor cell, as well as hematopoietic and epithelial
cells, under normal and pathological conditions (6-8). Two
cellular vesiculation mechanisms have been identified. The
first is an inward budding of endosomal membranes, creating
multivesicular bodys that later fuse with the plasma membrane,
releasing the intraluminal vesicles as exosomes (30-100 nm in
diameter) into the extracellular environment (9,10). The second
is the direct outward blebbing of the cellular plasma membrane,
termed shedding vesicles or ectosomes (100-1,000 nm in
diameter) (9,10). MV cargos have previously been confirmed
to include a variety of lipids, proteins and nucleic acids (11).
The composition and biological function of the MVs depend
on the donor cells (12-14) For instance, T cell-derived M Vs
may be involved in the antigen presentation procedure (14),
and tumor-derived MVs may suppress the immune response
and promote tumor growth (13,14). Growing evidence has
indicated that MVs act as mediators that deliver abundant
bioactive molecules involved in intracellular communication,
in contrast with traditional cell-to-cell contact-dependent
signaling exchange (15-17).

To the best of our knowledge, no studies exist in the litera-
ture concerning M Vs derived from SACC cells. In the present
study, it was hypothesized that M Vs sercreted by SACC cells
were associated with communication between tumor cells and
the neighboring nerve tissues. First, MVs derived from the
human SACC cell lines, ACC-2, were described, and differ-
ential gene expression profiles of these MVs were established
and compared with those of their donor cells to speculate on
their biological functions. Several candidate genes were also
validated using reverse transcription-quantitative polymerase
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chain reaction (RT-qPCR) analysis. The effects of ACC-2
MVs on RSC96 rat Schwann cells, which are the principal glia
of the peripheral nervous system, were then evaluated by a
phospho-antibody array performed on RSC96 cells transduced
with ACC-2 MVs. The results of the present study may help to
elucidate the mechanisms underlying perineural invasion in
SACC, and to determine a promising anti-tumor therapeutic
target.

Materials and methods

Cells and reagents. The human salivary adenoid cystic carci-
noma ACC-2 cell line and rat RSC96 Schwann cells were
obtained from the State Key Laboratory of Oral Diseases,
Sichuan University (Chengdu, China) and the American
Type Culture Collection (Manassas, VA, USA), respectively.
Primary antibodies and rabbit anti-mouse horseradish
peroxidase-conjugated secondary antibodies for human major
histocompatibility complex (MHC) class I (cat. no., sc71256;
dilution, 1:100), heat shock protein 70 (HSP70; cat. no., sc-24;
dilution, 1:100) and fB-actin (cat. no., sc-130065; dilution,
1:1,000) were purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA).

Cell culture and scanning electron microscopy. The ACC-2
cell line was cultured in vitro at 37°C in 5% CO, in Dulbecco's
modified Eagle's medium (DMEM; Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing 10% M V-free
fetal bovine serum (dFBS; Gibco; Thermo Fisher Scientific,
Inc; prepared by ultracentrifugation at 110,000 x g at 4°C
for 16 h to remove bovine MVs), 100 U/ml penicillin G and
100 mg/ml streptomycin. For scanning electron microscopy
(SEM), the cells were grown on coverslips, fixed with 2.5%
glutaraldehyde at 4°C for 24 h and dehydrated in a series
of increasing ethanol concentrations (30-100%). The cells
were then transferred to a Hitachi HCP-2 Critical Point
Dryer (Hitachi High-Technologies Corporation, Tokyo,
Japan) followed by covering with gold, and observed using
the Hitachi S3400 scanning electron microscope (Hitachi
High-Technologies Corporation).

MV isolation. ACC-2-derived MVs (ACC-2 MV) were collected
from conditioned medium by differential centrifugation as
described below, with a number of modifications. Briefly, the
supernatant was harvested following culture for 48 h, centrifuged
at 4°C sequentially at 300 x g for 10 min, 2,000 x g for 20 min
and 16,500 x g for 30 min to eliminate floating cells, debris
and large membrane fragments, followed by filtration through
a 0.22 ym filter. MVs were pelleted by ultracentrifugation at
110,000 x g at 4°C for 70 min using a SW4I rotor (Beckman
optima L-80XP; Beckman Coulter, Inc., Brea, CA, USA). The
pellet was washed twice in PBS, centrifuged at 110,000 x g at
4°C for 70 min to pellet again, and then resuspended in PBS and
stored the solution at -80°C until use. Total protein content of the
MVs was measured using a bicinchoninic acid protein assay kit
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to
the manufacturer's protocol.

Transmission electron microscopy (TEM). TEM was
performed in the Electron Microscopy office of the College of
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Basic and Forensic Medicine, Sichuan University (Chengdu,
China). ACC-2 MVs (20 ul) were loaded onto formvar
carbon-coated grids at room temperature for 1 min without
fixing, stained with a drop (20 ul) of 1% phosphotungstic acid
for 1 min at room temperature, dried at room temperature for
10 min and examined using a Hitachi H600-4 electron micro-
scope (Hitachi High-Technologies Corporation).

Western blot analysis. Total proteins were extracted using
a total protein extraction kit (Jiangsu KeyGen BioTech
Co., Ltd., Nanjing, China) according to the manufacturer's
protocol. Samples were then lysed on ice for 30 min, then
centrifuged at 12,000 x g at 4°C for 15 min. A total of 20 ul
ACC-2 microvesicular or cell-lysate proteins were subjected
to 10% SDS-PAGE. Following transfer to polyvinylidene
fluoride membranes (EMD Millipore, Billerica, MA, USA)
and blocking with 5% non-fat milk for 1 h at room tempera-
ture, successive incubations with MHC class I, HSP70 and
[-actin antibodies were performed overnight at 4°C, and with
horseradish peroxidase-conjugated secondary antibodies
for 1 h at room temperature. Immunoreactive proteins were
then detected using an enhanced chemiluminescence system
(Bio-Rad Laboratoires, Inc.). The bands were scanned using a
densitometer (Bio-Rad Laboratories, Inc.), and quantification
was performed using Quantity One v.4.6.3 software (Bio-Rad
Laboratories, Inc.).

RNA extraction and purification. Total RNA from ACC-2
MVs (400 ug/ml) or the donor cells (1 pg/ml; 1x10°) was
extracted and purified using an RNeasy mini kit (Qiagen
GmbH, Hilden, Germany), according to the manufacturer's
protocol, and checked for a registrant identification number to
inspect RNA integration using an Agilent Bioanalyzer 2100
(Agilent Technologies, Inc., Santa Clara, CA, USA).

Microarray analysis. The microarray experiments were
performed by Shanghai Biotechnology Co., Ltd. (SBC;
Shanghai, China) using the 4x44K Whole Human Genome
Oligo Microarray (Agilent Technologies, Inc.). The array was
performed on two different RNA samples (ACC-2 cells or
ACC-2 MV). In brief, the amplification and labeling of 500 ng
of total RNA was performed according to the Agilent Low
Input Quick Amp Labeling kit's protocol using Cy3 (Agilent
Technologies, Inc.). Each slide was hybridized with 1.65 ug
Cy3-labeled cRNA using a Gene Expression Hybridization
kit (Agilent Technologies, Inc.) for 17 h at 50°C, according
to the manufacturer's protocol. Following hybridization and
washing with buffer (0.1X saline sodium citrate, 0.5% SDS),
the processed slides were scanned with the Agilent Microarray
Scanner (Agilent Technologies, Inc.). The resulting text files
were extracted from Agilent Feature Extraction Software
(version 10.7; Agilent Technologies, Inc.), and the raw data
were normalized by a Quantile algorithm using the Agilent
Gene Spring software (version 11.0; Agilent Technologies,
Inc.). To identify the differentially expressed genes, a
fold-change screening between the two samples obtained
from the experiment was performed. The threshold used to
screen up- or downregulated genes was a fold change of >2.
The SBC Analysis System (SAS, Shanghai Biotechnology Co.,
Ltd.), a web-based program for conducting the subsequent
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data analysis and generating the results table, is available at
http://sas.ebioservice.com/. A Gene Ontology database search
(http://www.geneontology.org/) was performed to identify
the functions of differentially-expressed mRNA transcripts
between M Vs and cells.

RT-quantiative PCR (RT-gPCR). A total of 500 ng RNA (from
ACC-2 cells or ACC-2 MVs) was subsequently reverse tran-
scribed to cDNA using a Superscript 11 reverse transcription
kit (Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protcol. RT-qPCR was performed using
the SYBR® premix Ex Taq™ II kit (Takara Bio, Inc., Otsu,
Japan) according to the following two-step thermocycler
protocol: 1 cycle at 95°C for 30 sec, and then 40 cycles at 95°C
for 5 sec, then 60°C for 31 sec. The following PCR primers
were used: f-actin forward, 5'-ATGGATGACGATATCGCT
GC-3' and reverse, 5'-CACACTGTGCCCATCTACGA-3';
platelet-derived growth factor receptor oo (PDGFRA) forward,
5'-CTCTCCCTTGTACAGCCTTATTTTG-3' and reverse,
5"TCCGGCCTCATGATGTCA-3'; fibroblastic growth factor
12 (FGF12) forward, 5-GGAAAAGGATGCTAGATGCTG
A-3"and reverse, S“-TTTAACTTGGGCTCCAGGAA-3"; HLA
class II histocompatibility antigen, DO § chain (HLA-DOB)
forward, 5'"TGCCTGGGCGTGTTGAA-3' and reverse,
5'-CCAGCCTACTGCAGGTTGTTT-3" and interleukin-19
(IL-19) forward, 5'-ACGCTGCTGCCATTAAATCC-3' and
reverse, 5-CATCAAGCTGAGAACATTACTTCATG-3'. The
comparative threshold cycle method was used to calculate
amplification fold. 3-actin was used as a reference control gene
to normalize the expression value of target genes. Triple repli-
cates were performed for each gene, and the average expression
value was computed for subsequent analysis. The relative
expression level of the genes was calculated using the 2-24¢4
method (18).

Internalization of MVs by Schwann cells. MVs (5 pg) derived
from ACC-2 cells were labeled with a Dil red fluorescent
probe (Beyotime Institute of Biotechnology, Haimen, China)
according to the manufacturer's protocol. The labeling step
was stopped by washing three times in PBS, and the ACC-2
MVs were then pelleted by ultracentrifugation at 110,000 x g
for 70 min at 4°C. MV-free supernatant was used as a control to
determine the effects of any free fluorescent dye present in the
PBS used for suspension of the MVs. The labelled ACC-2 MVs
or the MV-free supernatant were mixed with 1x10* RSC96
cells (rat Schwann cells) and incubated in DMEM containing
10% FBS. MVs were allowed to bind for 30 min at 37°C and
the binding was then stopped by washing twice in cold PBS. A
Leica DM16000B fluorescence microscope at magnification,
x100 (Leica Microsystems GmbH, Wetzlar, Germany) was
used for observation.

Phospho-protein profiling by phospho-antibody array. RSC96
cells were cultured in DMEM containing 10% dFBS only,
or supplemented with ACC-2 MVs (50 pug/1x10° cells) in the
described medium for 24 h at 37°C with 5% CO,. Cell lysates
obtained from RSC96 or ACC-2 MV-transduced RSC96 cells
were applied to the Extracellular Signal-Regulated Kinase
(ERK) Signaling Phosphorylation Antibody Array, which was
purchased from and performed by Full Moon BioSystems, Inc.
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(Sunnyvale, CA, USA). The array contained 202 antibodies,
each of which had 6 replicates, on glass microscope slides.
Briefly, 100 ug cell lysate in 50 ul reaction mixture was labeled
with 1.43 ul biotin in 10 ug/ul of N,N-dimethyformamide.
The resulting biotin-labeled proteins were diluted to a ratio
of 1:20 in coupling solution prior to applying them to the
array for conjugation. To prepare the antibody microarray,
it was first blocked with blocking solution for 30 min at
room temperature, rinsed with Milli-Q grade water (EMD
Millipore, Billerica, MA, USA) for 3 min, and then dried with
compressed nitrogen. Finally, the array was incubated with
biotin-labelled cell lysates at 4°C overnight. The array slide
was subsequently washed three times with 60 ml 1X wash
solution for 10 min each, and the biotin-labeled protein was
detected using Cy3-streptavidin. The slides were scanned on a
GenePix 4000 scanner (Molecular Devices, LLC, Sunnyvale,
CA, USA) and the images were analyzed with GenePix Pro
6.0 software (Molecular Devices, LLC). For each antibody, the
following phosphorylation ratio was computed (phosphory-
lated and matching unphosphorylated values are denoted by
phospho and unphospho in the control data and experiment
data):

phosphoeperiment/UNPhosphoexperiment

Phosphorylation ratio =
Ph Osphouomm I-"fu n Ph Osph Ocontrol

PANDA software (version 2.0; available from
http://www.mathcs.emory.edu/panda/index.html) was utilised
to allow the quantitative evaluation of the change in phos-
phorylation at each site with a 95% confidence interval.

Statistical analysis. All results were expressed as the
mean + standard deviation, when normally distributed.
The statistical significance of differences was assessed using the
Student's two-tailed t-test in two groups and one-way analysis
of varience in multiple groups. The Student-Newman-Keuls
method was used for post-hoc analysis. P<0.05 was considered
to indicate a statistically significant difference. All data were
analyzed with SPSS 15.0 software (SPSS, Inc., Chicago, IL,
USA).

Results

MVs derived from ACC-2 cells. The ACC-2 cells were main-
tained in vitro at 37°C in 5% CO, in complete medium. To
obtain purified ACC-2 cell-derived M Vs, the FBS added to
the medium should be depleted of MVs (dFBS). To determine
whether the ACC-2 cells produced MVs, SEM was performed
on these cells following 48 h of culture. The SEM images
revealed that the ACC-2 cells were covered with MV-like
structures varying in size from 30-500 nm (Fig. 1A). M Vs
were prepared by differential centrifugation from medium
supernatants as previously described (19). To confirm that the
structures studied were MVs, the pellets were examined by
TEM for morphological detection and western blot analysis
of molecular markers. The transmission electron micrographs
of the ACC-2 MVs revealed rounded structures with a size of
30-100 nm, similar to previously described MVs (Fig. 1B) (4).
The identity of the studied vesicles was confirmed as MVs by
western blot analysis (Fig. 1C), which revealed the presence
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Figure 1. Characterization and identification of ACC-2 cell-derived MVs. (A) The scanning electron micrograph revealed that an ACC-2 cell was covered with
MV-like structures varying in size from 30-500 nm. Scale bar, 10 zm. (B) ACC-2 MVs were isolated by differential centrifugations from medium supernatants
and the pellets were examined by TEM. TEM image of the ACC-2 M Vs depicting rounded structures with a size of 30-100 nm. Scale bar, 200 nm. (C) HSP70
and MHC-I protein levels in ACC-2 cells and their microvesicles were detected using western blot analysis. The f-actin loading control is also shown (n=3).
MYV, microvesicle; TEM, transmission electron microscopy; MHC-I, major histocompatibility complex class I; HSP70, heat shock protein 70.

of the proteins MHC-I and HSP70, which are commonly used
markers for M Vs (14,20). Therefore, ACC-2 cells may produce
MVs, and M'Vs were isolated from ACC-2 cells for subsequent
studies.

Gene expression profile analysis. In the present study, bioanal-
ysis of the RNA extracted from ACC-2 M Vs demonstrated that
ACC-2 MVs contained a broad range of RNA sizes, consis-
tent with those characteristic of cellular RNA, however in a
previous study, 18S and 28S ribosomal RNA peaks were absent
in other types of MVs (Fig. 2A) (21). Microarray analysis of
mRNA populations in MVs and their donor ACC-2 cells was
performed using the Agilent 44K whole genome microarray.
Following processing of expression data, 29,352 gene tran-
scripts were identified in the cells and 29,298 transcripts were
identified in the MVs (detected at levels above background) on
the arrays. A total of ~900 different mRNAs were detected
exclusively in M'Vs, indicating a selective enrichment process
within the M Vs. A total of 1,355 transcripts were revealed to be
differentially distributed >2-fold (Fig. 2B). Of these, 641 tran-
scripts were overexpressed (<3,220-fold) and 714 transcripts
were underexpressed in MVs compared with donor cells (up
to 40-fold). Gene functional annotation using Gene Ontology
was performed to identify the differentially-expressed mRNA
transcripts between MVs and cells (Fig. 2C-E). These genes
were revealed to be associated with cell adhesion, cytoskel-
eton, cell defense, cell metabolism, development, cell cycle
and signal transduction.

RT-gPCR validation of differentially-expressed genes.
There were multiple differentially-expressed genes in the
gene chips. In the present study, the expression of four genes
(IL-19, PDFGRA, HLA-DOB and FGFI12) was also validated
by RT-qPCR (Fig. 2F). To obtain truly comparable results,
unamplified total RNA (from the same batch used for array
hybridizations) was used as the template. The RT-qPCR
results revealed that the expression levels of the four genes
were consistent with that from the microarray analysis.

Internalization of MVs by Schwann cells. To determine
whether the M Vs contenting bioactive molecules were inter-
nalized by recipient cells, the ACC-2 MVs labelled with Dil
red fluorescent dye or the MV-free supernatant were incubated
with RSC96 cells (rat Schwann cells) in culture. Red fluores-
cent-positive cells were observed, indicating that the MVs
effectively fused with the RSC96 cell membrane and entered
the RSC96 cells (Fig. 3), similar to the results of a previous
study (22).

Phospho-protein profiling by phospho-antibody array. To
determine whether ACC-2 MVs affect Schwann cells, a
phospho-specific antibody microarray for the ERK signaling
pathway was used to compare the phosphorylation status of
direct and indirect ERK targets in ACC-2 MV-transduced
RSC96 cells and untreated RSC96 cells. This antibody array
included 202 specific and well-characterized phosphospecific
antibodies for proteins in the ERK pathway, each with six
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Figure 2. Characterization of the ACC-2 MV RNA. (A) Bioanalyzer data revealed the size distribution of total RNA extracted from ACC-2 cells and their MVs.
ACC-2 MV contained a broad range of RNA sizes, consistent with the characteristics of cellular RNA. (B) A scatter plot of differentially expressed mRNA
transcripts between MVs and cells. GO annotation by (C) molecular function, (D) cellular component and (E) biological process. (F) Quantitative analysis of
transcript levels of 4 genes identified by microarray analysis, relative to $-actin, determined by reverse transcription-quantitative polymerase chain reaction.
Error bars indicate the mean + standard deviation (n=3). MV, microvesicle; GO, Gene Ontology; PDGFRA, platelet-derived growth factor receptor a; IL19,
interleukin-19; FGF12, fibroblastic growth factor 12; HLA-DOB, HLA class II histocompatibility antigen, DO f3 chain.

replicates. The paired antibodies for the same (but unphos-
phorylated) target sites were also included in the array to allow
determination of the relative level of phosphorylation. Based
on these features, a PANDA software was utilised to allow

the quantitative evaluation of the change in phosphorylation
at each site with a 95% confidence interval. A spectrum of
proteins was identified, where phosphorylation levels were
increased or decreased by >20%, with low values of 95%
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Table I. Increase in phosphorylation of ERK signaling pathway components following incubation of RSC96 cells with ACC-2

MV.
RSC96+
RSC96 RSC96+MV MV/RSC96
Phosphorylation site Ratio 95% CI Ratio 95% CI Ratio Biological effects
BAD (phospho-Ser134) 045 0.43-0.46 0.59 0.56-0.62 1.32 Apoptosis, inhibited
BAD (phospho-Ser136) 0.94 0.91-0.97 1.3 1.28-1.32 1.37 Apoptosis, inhibited
B-RAF (phospho-Ser446) 1.11 1.07-1.15 1.36 1.26-1.47 1.23 Cell growth, altered
B-RAF (phospho-Ser601) 1.07 1.05-1.09 1.38 1.32-1.44 1.30 Signal transduction
CaMK1-a (phospho-Thr177) 0.26 0.23-0.29 0.53 0.48-0.58 207 Signal transduction
CaMK2-B/y/0 0.82 0.8-0.85 1.23 1.18-1.27 1.49 Nervous system
(phospho-Thr287) development
CaMKII (phospho-Thr286) 0.93 0.89-0.96 1.16 1.02-13 1.25 Cell growth, altered
c-Raf (phospho-Ser43) 0.63 0.57-0.69 0.82 0.78-0.86 1.29 Cell growth, altered
CREB (phospho-Ser129) 1.35 1.33-1.37 2.37 2.12-2.62 1.75 Cell growth, altered
CREB (phospho-Ser133) 1.24 1.21-1.28 1.52 1.5-1.53 1.22 Activation
Elk1 (phospho-Thr417) 1.82 1.77-1.86  10.17 9.39-10.95 5.53 Transcription,
DNA-dependent
ERK3 (phospho-Ser189) 1.7 1.65-1.75 291 2.81-3 1.72 Angiogenesis
FosB (phospho-Ser27) 1.38 1.3-1.45 221 1.98-2.44 1.54 Transcription, altered
GRB2 (phospho-Ser159) 091 0.9-0.92 1.3 1.27-1.34 1.41 Cell differentiation
MKK3 (phospho-Ser189) 0.47 0.45-0.49 0.89 0.81-0.97 191 Angiogenesis
MKK7/MAP2K7 0.5 0.46-0.53 1 0.84-1.15 2.02 Transcription, altered
(phospho-Ser271)
MSK1 (phospho-Ser360) 0.55 0.48-0.62 0.75 0.69-0.82 141 Enzymatic activity,
induced
PAK?2 (phospho-Ser192) 1.57 1.51-1.63 1.97 1.86-2.07 1.27 Regulation of growth
PAK3 (phospho-Ser154) 1.68 1.63-1.73 2.05 1.97-2.13 1.22 Axonogenesis
PKC9 (phospho-Thr505) 0.67 0.65-0.7 0.89 0.87-091 1.32 Apoptosis, altered
PKC6 (phospho-Ser676) 1.68 1.57-1.78 2.15 1.87-2.43 1.28 Apoptosis, altered
PKR (phospho-Thr446) 1.46 141-1.51 393 3.78-4.08 2.69 Cell cycle regulation
PKR (phospho-Thr451) 1.17 1.14-1.19 1.68 1.56-1.79 143 Enzymatic activity,
induced
PLCB3 (phospho-Ser537) 1.05 1.02-1.08 1.35 1.3-14 1.28 G-protein coupled receptor
Protein signaling pathway
PLCGTI (phospho-Tyr771) 0.74 0.68-0.8 1.06 1.01-1.11 143 Cell cycle regulation
Pyk2 (phospho-Tyr881) 0.38 0.36-0.41 0.55 0.51-0.59 1.44 Cell growth, altered
Rafl (phospho-Ser259) 1.09 101-1.16 1.6 1.5-1.71 1.49 Cell growth, altered
Ras-GRF1 (phospho-Ser916) 0.33 0.32-0.33 0.47 0.45-0.48 141 Cell proliferation
RSK1/2/3/4 0.84 0.81-0.86 1.07 1.04-1.11 1.27 Enzymatic activity,
(phospho-Ser221/227/218/232) induced
STAT1 (phospho-Tyr701) 1.12 1.08-1.16 1.57 1.48-1.66 141 Cell growth, altered
STAT3 (phospho-Tyr705) 0.88 0.86-0.9 1.07 1.05-1.09 1.22 Ubiquitination

ERK, extracellular signal-regulated kinase; MV, microvesicle; CI, confidence interval.

confidence invterval in RSC96 cells induced with ACC-2
MVs. Using a cutoff ratio of 0.8, 15 sites were identified that
were hypophosphorylated in ACC-2 MV-transduced RSC96
cells compared with untreated RSC96 cells (Table I). Using
a cutoff ratio of >1.2, 31 sites were identified with increased
phosphorylation (Table II). These proteins were associated

with cell growth, angiogenesis, cell defferentiation, inhibita-
tion of apoptosis, development of nervous system and signal
transduction. A number of these proteins were transcription
factors that, when phosphorylated, modulate the expression
of target genes. These transcription factors included cAMP
responsive element binding protein, ETA domain-containing
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Table II. Decrease in phosphorylation of ERK signaling pathway due to incubation of RSC96 cells with ACC-2 MVs.

RSC96+
RSC96 RSC96+MV MV/RSC96

Phosphorylation site Ratio 95% CI Ratio 95% CI Ratio Biological effects

BAD (phospho-Ser112) 3.12 2.78-3.46 1.21 1.14-1.29 0.39 Apoptosis

BAD (phospho-Ser155) 1.99 1.85-2.13 148 1.3-1.65 0.74 Molecular association,
regulation

CREB (phospho-Ser142) 1.92 1.84-2 1.36 1.3-142 0.71 Activation

Elk1 (phospho-Ser389) 1.81 1.7-1.91 1.38 1.29-1.48 0.76 Intracellular localization

HistoneH3.1(phospho-Ser10) 5.61 5.36-5.87 1.98 1.87-2.1 0.35 Molecular association,
regulation

IkB-a (phospho-Ser32/36) 2.19 2-2.37 1.07 0.95-1.18 0.48 Protein degradation

MKKG6 (phospho-Ser207) 1.71 1.53-19 0.59 0.52-0.66 0.35 Positive regulation of
apoptosis

MSK1 (phospho-Ser376) 1.65 1.53-1.76 1.28 1.13-1.44 0.80 Positive regulation of
histone phosphorylation

PKA CAT (phospho-Thr197) 0.73 0.71-0.76 0.52 0.51-0.53 0.71 Inhibition of apoptosis

PLC-f (phospho-Ser1105) 248 2.35-2.6 1.15 1.08-1.22 0.46 Phospholipid catabolic
process

Pyk2 (phospho-Tyr580) 2.37 1.91-2.83 0.89 0.87-0.92 041 Molecular association,
regulation

Racl/cdc42 (phospho-Ser71) 6.35 5.8-6.9 1.03 0.95-1.1 0.16 Cell motility involved in
cell locomotion

Raf1 (phospho-Ser338) 4.71 4.57-4.84 1.08 1.05-1.12 0.23 Enzymatic activity,
induced

Rafl (phospho-Tyr341) 1.23 1.15-13 0.71 0.67-0.75 0.58 Enzymatic activity, induced

STAT3 (phospho-Ser727) 2.39 2.26-2.51 1.62 1.6-1.64 0.68 Activation

ERK, extracellular signal-regulated kinase; MV, microvesicle; CI, confidence interval.

Figure 3. ACC-2 MVs are internalized into RSC96 cells. The ACC-2 MVs
labelled with the membrane dye Dil (red) or M V-free supernatant were added
to RSC96 cells in culture. The cells were then observed using a fluorescence
microscope at magnification, x100. The image depicts red fluorescent-positive
RSC96 cells. MV, microvesicle.

protein, ribosomal protein S6 kinase A5 and signal transducer
and activator of transcription 3. Furthermore, the hyper-
phosphorylation of several sites, including phospholipase C,
protein-tyrosine kinase 2-f3, protein kinase C and growth
factor receptor-bound protein 2, indicated that ACC-2 MVs

may contain multiple types of growth factors. Thus, ACC-2
MVs appear to affect Schwann cell lines through activation of
the ERK signaling pathway.

Discussion

To the best of our knowledge, the present study demonstrated
for the first time that SACC cells produce MVs. With the
use of electron microscopy and immunoblotting techniques,
ACC-2-derived MVs were identified and characterized.
Morphological analyses performed on MVs derived either
from cell lines or body fluids, including urine, blood, malig-
nant pleural effusions and amniotic fluid, as well as the present
electron microscopy findings, have revealed that MVs share
common characteristics, including a round shape, membranes
with lipid bilayers and a diameter of 30-100 nm (23). Western
blot analysis revealed the expression of MHC-I and HSP70,
which are two of the typical molecular markers of MVs.
The mechanism through which cells undergo MV secretion
is not entirely known, although evidence has been provided
that, microvesicular formation follows an ordered pattern of
membrane protrusion, budding and finally detachment of
spherical fragments from the cell surface (23). Furthermore, it
is becoming increasingly clear that the networks of intercellular
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communication via M'Vs have the potential to affect processes
as diverse as immunoregulation, cell differentiation, chemo-
therapy resistance, inflammation, coagulation, angiogenesis
and metastasis (14,15).

The mRNA profiles present in ACC-2 cells and their MVs
were characterized. Therefore, differentially expressed genes
between them may elucidate the potential biological functions
of ACC-2 MVs. A total of 1,355 genes with altered expres-
sion levels (>2-fold) were identified. Gene Ontology analysis
revealed that a number of these mRNA transcripts associated
with cell adhesion, cytoskeleton, cell defense, cell metabolism,
development, cell cycle and signal transduction were present at
high levels in the M Vs. Identification of RNAs being present in
MVs supports the hypothesis that MVs may represent a vehicle
by which one cell communicates with another, delivering RNA
and, in turn, modulating recipient-cell protein production (24).
The results, which demonstrated that certain genes exhibited
increased expression in exosomes compared with the derived
cell, prompts the notion that carcinoma cells may affect other
cells through selective enrichment of characteristic substances
in the exosomes. This may be a novel and effective way by
which cells communicate with each other. Nonetheless, the
suggestion that MV cargos may be delivered to other cells
provides the foundation for the proposed transfer mechanism
by M'Vs.

Therefore, the expression of four differentially expressed
genes was validated by RT-qPCR. Although the functional
annotation for the four genes in oral cancer is not complete,
these genes may be associated with SACC progression and
metastasis according to records in Entrez Gene (25). IL-19,
an important immune regulatory factor, is involved in tumor
immune suppression, and may induce the mononuclear cell
secretion of tumor necrosis factor-a, which may suppress the
process of tumorigenesis. Therefore, with a small amount
of IL-19 expression, the MVs will exhibit a hypoallergenic
phenotype, thus evading an immune reaction. PDGFRA is
involved in metastasis and angiogenesis in cancer; its muta-
tion is associated with multiple types of tumor, including
glioma, ovarian cancer, colorectal cancer, breast cancer and
prostate cancer (26). The state of the PDGFRA gene loaded
into exosomes requires additional studies for detection, but
there is reason to consider that it may exert important func-
tions subsequent to being transfected into cells through
exosomes (26). HLA-DOB, which belongs to the HLA class
IIP chain paralogues, is involved in tumor antigen presenta-
tion, and the differential expression of this gene implies that
exosomes may be antigen-presenting bodies that are involved
in regulating immune function. HLA-DOB may alterna-
tively suppress or improve immune function in different
situations (27). In the present study, it was implied that the
former is more likely; FGFI2, a member of the fibroblast
growth factor family, possessing mitogenic and cell-survival
activities, is involved in repairment and regeneration of neural
injury. FGF12 may promote the survival of the ganglia and
peripheral neurons and the growth of neurites in vitro, and
may promote the repair and regeneration of damaged neurons.
Therefore, the increased expression of FGF12 in ACC-2
MVs may be involved in the process of perineural invasion.
Additional future studies may identify important factors for
the treatment of SACC (26-29). A previous study suggested
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that ACCs may exhibit similarities with HeLa cells (30).
However, the cells used in the present study exhibited specific
perineural invasion characteristics, without any resemblance
to HeLa cells. Additionally, the present study demonstrated
almost identical results with the cell SACC-83 (31), and ACCs
have already been used previously in certain experiments to
compare differential gene expression profiles associated with
metastasis (32).

Finally, the Dil fluorescent probe was used to detect the
interaction between the exosomes and the RSC96 cells. The
results revealed that no light was observed on the surface of
the cell membranes, while visable fluorescence appeared in the
cells. This indicated that the exosomes were taken up by the
RSC96 cells successfully and therefore, exosomes may be a
good choice for loading and delivering of impartant materials
and cell signals, including protein, RNA and microRNA. The
phosphorylation status of direct and indirect ERK targets was
then determined in ACC-2 MV-transduced RSC96 cells using
a phospho-specific antibody microarray. The ERK signaling
pathway is well-known to be associated with several mecha-
nisms of tumor progression and metastasis (33). The results
of the present study demonstrated that the phosphorylation of
the upstream proteins and kinases of the ERK pathway were
altered, and a number of these proteins were associated with
cell growth, angiogenesis, cell defferentiation, inhibitation of
apoptosis, development of nervous system and signal transduc-
tion, which are important for the progression, metastasis and
invasion of malignant cells. Thus, ACC-2 M Vs appear to affect
Schwann cell lines by activation of the ERK signaling pathway.
These results also provide additional in-depth understanding
of the molecular targets by which SACC cell-derived M Vs are
involved in perineural invasion in SACC, and lay a foundation
for further exploration of this novel method of tumor metastasis
and invasion. A previous article has stated that ACCs may have
some relationships with Hela cells. However the cells used in
this study have the specific characteristic of perineural invasion
without any affection with Hela cells. Furthermore, almost the
same results have been observed with the SACC-83 cell line.

In conclusion, the present study demonstrated that SACC
cell-derived MVs may be involved in the pathogenesis of
perineural invasion in SACC, and a promising tumor biological
therapeutic target. In addition, the application of exosomes
as substitutes for viruses for transferring substances is worth
future attention, with the complete and effective absorption of
exosomes in the present study providing a basis for this research.
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