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Abstract. Previous studies have shown that (GM3), a 
ganglioside, suppresses hepatoma cell motility and migra-
tion by inhibiting phosphorylation of EGFR and the activity 
of the PI3K/AKT signaling pathway. Therefore, the aim of 
the present study was to investigate whether the combined 
treatment of CD82 with gangliosides can exert a synergistic 
inhibitory effect on cell motility and migration. Epidermal 
growth factor receptor (EGFR) signaling was studied for its 
role in the mechanism through which CD82 and gangliosides 
synergistically inhibit the motility and migration of SW620 
human colon adenocarcinoma cells. GM3 and/or GM2 treat-
ment, and/or overexpression of CD82 was performed in SW620 
cells. High-performance thin layer chromatography, reverse 
transcription-quantitative PCR, western blotting and flow 
cytometry assays were used to confirm the content changes 
of GM2, GM3 and CD82. In addition, the phosphorylation 
of EGFR, MAPK and Akt were evaluated by western blot 
analysis. SW620 cell motility was investigated using wound 
healing analysis and chemotaxis migration assay. The combi-
nation of GM3 and GM2 with CD82 was found to markedly 
suppress EGF-stimulated SW620 cell motility compared with 
the individual factors or combination of GM2 or GM3 with 
CD82 by inhibiting the phosphorylation of EGFR. The results 
suggested that CD82 in combination with either GM2 or GM3 
can exert a synergistic inhibitory effect on cell motility and 

migration; however, the synergistic mechanisms elicited by 
GM2 or GM3 with CD82 differ.

Introduction

Colon cancer is the most frequent malignant tumor of the 
digestive tract and has a high mortality due to its high 
metastatic potential. It was responsible for ~1.4 million new 
cases and ~700,000 deaths worldwide in 2012 (1). A previous 
study has reported that the loss of CD82 expression and the 
increased expression of epidermal growth factor receptor 
(EGFR) and/or its ligands are notable biological characteris-
tics of colon cancer, and these have been associated with an 
increased risk of metastasis and hence poor prognosis  (2). 
CD82 is a member of the tetraspanin superfamily of trans-
membrane proteins that are ubiquitously expressed in normal 
tissues but expressed at low levels in cancer cells and tissues. 
CD82 exerts its biological effects by regulating cell migration, 
fusion, adhesion and proliferation (3-5). An inverse relation-
ship exists between CD82 expression and the invasive and 
metastatic potentials of cancer cells, and this relationship is 
frequently observed in a wide range of malignant solid tumors, 
such as gastric, colon, breast, skin, lung, pancreas and liver 
tumors (6-13). Thus, CD82 is considered a wide-spectrum 
invasion- and metastasis-suppressor.

CD82 suppresses cancer metastasis primarily by inhibiting 
cancer cell migration and invasion. In the plasma membrane, 
CD82 associates with other tetraspanin proteins to form 
the tetraspanin web  (14,15) consequently recruiting some 
membrane components such as EGFR (2,16), integrins (17,18) 
and gangliosides (19) into the tetraspanin web. The formation 
of the tetraspanin web is a prerequisite for the proper func-
tioning of CD82. However, the mechanism through which 
CD82 redistributes the components of the tetraspanin web and 
the role of CD82-associated proteins in the CD82-mediated 
suppression of cell migration remains unclear.

Gangliosides are sialylated glycosphingolipids found in 
the mammalian cell membrane that are involved in numerous 
biological functions (20,21). It has been speculated that ganglio-
sides serve a role in a number of cell-surface events, such as 
cell-to-cell adhesion, cell-extracellular matrix adhesion, and 
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plasma membrane receptor-mediated modulation of trans-
membrane signaling  (22-26). There is a growing body of 
evidence that suggests that CD82 and gangliosides, particu-
larly GM3 (NeuNAcα2, 3 Galβ1, 4Glc1, 1Cer) and GM2 
(GalNacβ1, 4[NeuNAcα2, 3] Galβ1, 4Glc1, 1Cer), which are 
characteristic components of mammalian cell membranes, can 
synergistically inhibit cancer cell migration (27-29). Previous 
studies have related the low expression levels of GM3 to cancer 
development and invasiveness, while GM2 are abundantly 
expressed on the cell surface of certain types of human cancer. 
Although it is known that quantitative and qualitative changes 
in the expression of gangliosides are involved in oncogenic 
transformation of cells (30-32), the exact mechanism has not 
been fully elucidated. The present study aimed to investi-
gate whether EGFR signaling is involved in the mechanism 
through which CD82 and gangliosides synergistically inhibit 
the motility and migration of SW620 cells.

Materials and methods

Cell lines and cell culture. The human colorectal adenocar-
cinoma cell line SW620 was obtained from the Shanghai 
Institute of Biochemistry and Cell Biology, Chinese Academy 
of Sciences. For all experiments, SW620 cells were grown in 
10-cm cell culture dishes or in multiwell plates in L15 medium 
supplemented with 10% heat-inactivated FBS (both Thermo 
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 mg/ml 
streptomycin under a 5% CO2 atmosphere at 37˚C.

Antibodies and reagents. Immunoglobulin G (IgG) antibodies 
against EGFR (cat. no. sc-365829; 1:2,000), phosphorylated 
(p)-EGFR (Tyr-1173; cat. no.  sc-57542; 1:1,000), p-EGFR 
(Tyr-845) (cat. no. sc-57542; 1:1,000), p-EGFR (Tyr-1045; cat. 
no. sc-57541; 1:1,000), Akt1/2/3 (cat. no. sc-55523; 1:2,000), 
p-Akt1/2/3 (Ser473; cat. no. sc-81433; 1:2,000), p-Akt1/2/3 
(Thr308; cat. no.  sc-16646-R; 1:2,000), MAPK (cat. 
no. sc-7383; 1:2,000) and p-p44/42 MAPK (cat. no. sc-81492; 
1:1,000) were obtained from Santa Cruz Biotechnology, Inc. 
Anti-CD82 IgG (cat. no.  ab59509; 1:5,000) and p-EGFR 
(Tyr‑992; cat. no. ab5638; 1:5,000) were obtained from Abcam, 
anti-GM3 IgM (cat. no. 303-06541; 1:200) was obtained from 
Wako Pure Chemical Industries Ltd., and anti-V5 IgG (cat. 
no.  MA5-15253; 1:1,000) was purchased from Invitrogen 
(Thermo Fisher Scientific, Inc.). Among secondary antibodies, 
Goat anti-rabbit IgG-horseradish peroxidase (cat. no. sc-2004; 
1:2,000), rabbit anti-goat IgG-horseradish peroxidase (cat. 
no. sc-2768; 1:2,000), goat anti-mouse IgG-horseradish peroxi-
dase (cat. no. sc-2005; 1:2,000) and Alexa Fluor 488-conjugated 
anti-mouse IgG (cat. no.  sc-362257; 1:200) were obtained 
from Santa Cruz Biotechnology, Inc. FITC-conjugated anti-
mouse IgM was obtained from BD Biosciences Pharmingen 
(cat. no. 555988; 1:500). Epidermal growth factor (EGF) was 
obtained from ProSpec-Tany TechnoGene, Ltd., D-threo-
1-phenyl-2-palmitoyl amino-3-pyrrolidino-1-propanol (P4) 
was purchased from Matreya, Inc., and GM3 and GM2 were 
purchased from Sigma-Aldrich (Merck KGaA).

Glycosphingolipid extraction and high-performance thin layer 
chromatography (HPTLC). In order to decrease the ganglioside 
expression in SW620 cells, the cells (5x106/dish) were grown 

in 10-cm dishes at 37˚C and treated with 1.0 µM P4, a specific 
inhibitor for UDP-glucose ceramide glucosyltransferase and a 
key enzyme in the synthesis of glucosylceramide. After 48 h, 
the cells were harvested by trypsinization and washed three 
times with PBS. The gangliosides were extracted and analyzed 
as previously described by Ladisch et al (33). Briefly, the cell 
pellet was extracted twice with chloroform:methanol (1:1, v/v), 
and the extracts containing the total lipids (~15 ml) were 
combined and dried under a stream of N2. The gangliosides 
were purified by partitioning the dried samples in diisopropyl 
ether: 1-butanol: 17 mM aqueous NaCl (6:4:5, v/v) followed 
by Sephadex G-50 gel (Cytiva) filtration and lyophilization. 
Samples (20 µl) were loaded and the individual gangliosides 
were separated on silica gel 60 HPTLC plates (Merck KGaA) 
with a solvent system consisting of chloroform:methanol:0.25% 
aqueous CaCl2·2H2O (60:40:9, v/v/v). The gangliosides were 
visualized as purple bands by spraying with resorcinol-HCl 
reagent and heating at 120˚C for 2 min, comparing with the 
standards including GM3, GM2, GM1 GD1a, GD1b and GT1b.

To increase ganglioside expression in SW620 cells, the 
cells (5x105/well) were treated with 50 µM GM3 for 48 h 
before harvesting. Cells were separated with trypsin + EDTA 
and washed with PBS. Aliquots of cells (1x105) were incubated 
with mouse anti-GM3 IgM (1:200; cat. no. 303-06541, Wako 
Pure Chemical Industries Ltd.) for 1 h on ice. Subsequently, 
cells were washed with PBS, incubated with FITC-conjugated 
anti-mouse IgM (1:500; cat. no.  555988, BD Biosciences 
Pharmingen) for 40 min on ice. The cells were fixed with 2% 
paraformaldehyde in PBS and analyzed using a Coulter EPICS 
XL flow cytometer (Beckman Coulter, Inc.).

Flow cytometry analysis. To identify the location of recom-
binant CD82, the flow cytometry assay was performed in 
non-permeable and permeable conditions. Cells were detached 
with trypsin/EDTA, and 5x104  cells were permeabilized 
by 0.1% TX-100 in TBS for 15 min, then washed with 1% 
BSA/0.1% NaN 3/PBS. Aliquots of the cells (1x105) were 
incubated with primary antibodies including anti-CD82 
(1:1,000; cat. no.  ab59509, Abcam) and anti-GM3 (1:200; 
cat. no.  303-06541, Wako Pure Chemical Industries Ltd.) 
in 5% goat serum (Thermo Fisher Scientific, Inc.), 1% BSA 
(Thermo Fisher Scientific, Inc.) and 0.1% NaN3 in PBS for 1 h 
on ice, and then with appropriate Alexa Fluor 488-conjugated 
secondary antibodies for 30 min on ice. Cells were analyzed 
using a Coulter EPICS XL flow cytometer and FlowJo soft-
ware (version 7.6.1; FlowJo LLC).

Transfections. The cDNA of CD82 was amplified from SW480 
cells by PCR. CD82 gene was inserted into the pcDNA™4/
V5 plasmid (Thermo Fisher Scientific, Inc.) at the restriction 
endonuclease sites NheI and XhoI by the use of T4 DNA ligase 
(Takara Biotechnology Co., Ltd.). The recombinant plasmid 
was termed pcDNA™4/V5-CD82 and identified by sequencing 
(Takara Biotechnology Co., Ltd.). The pcDNA™4/V5-CD82 
plasmid was constructed and transfected into SW620 cells 
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) in Opti-MEM medium as OE (overexpression 
of CD82), and the empty vector was also transfected as 
control. The cells (1x105/well) were seeded in 12-well plate 
for 24 h with 1.6 µg of the recombinant plasmid and 2 µl 
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Lipofectamine 2000 diluted with 100 µl Opti-MEM medium 
separately for 5 min at room temperature. The mixture of 
diluted plasmid and Lipofectamine 2000 were incubated for 
15 min at room temperature and then added into the well. The 
transfect cells were analyzed after incubation with the mixture 
at 37˚C for 48 h following the manufacturer's protocol.

Reverse transcription-quantitative PCR (RT-qPCR). The 
expression of CD82 was measured using RT-qPCR after trans-
fected into SW620 cells for 48 h. Total RNA was extracted 
and purified using a MiniBEST Universal RNA Extraction kit 
(Takara Biotechnology Co., Ltd.). The first strand of cDNA 
was prepared from 2 µg RNA using TransScript First-Strand 
cDNA Synthesis SuperMix (TransGen Biotech Co., Ltd.). 
qPCR was performed using TransStart Top Green qPCR 
SuperMix (TransGen Biotech Co., Ltd.) under StepOnePlus 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The following ther-
mocycling conditions were used for the qPCR: 94˚C for 30 sec; 
followed by 40 cycles of 94˚C for 5 sec, 60˚C for 15 sec and 
72˚C for 10 sec. The following primer pairs were used for the 
qPCR: CD82 forward, 5'‑GCCGACAAGAGCAGTTTCAT‑3' 
and reverse, 5'‑GGAAGCCCATGAGCATAGTG‑3'; and 
GAPDH forward, 5'‑AGTCCTACCACGATACCAAAGT‑3' 
and reverse, 5'‑CATGAGAAGTACGACAACAGCCT‑CAT. 
Relative mRNA expression levels were determined by using 
the 2-ΔΔCq method. To ensure test reliability, cDNA amounts 
were optimized, the Cq values were kept below 35, and 
mRNA expression levels normalized to GAPDH as the refer-
ence gene.

Western blotting. For western blot analysis, cells were 
harvested and lysed in RIPA buffer (1% Triton X-100, 150 mM 
NaCl, 25 mM Tris, pH 7.5, 0.5% sodium deoxycholate, 0.1% 
SDS, 5 mM pyrophosphate, 50 mM NaF) containing 1 mM 
Na3VO4, 1 mM DTT, 1% protease inhibitor cocktail and 1% 
phosphatase inhibitor cocktail. Protein concentration was 
determined by using a bicinchoninic acid assay and 10 µg 
protein were separated by SDS-PAGE on 12% polyacryl-
amide gels. The resolved proteins were transferred to PVDF 
membranes (EMD Millipore) and incubated with primary 
antibodies against EGFR (1:2,000; cat. no. sc-365829, Santa 
Cruz Biotechnology, Inc.), p-EGFR (Tyr-1173; 1:1,000; cat. 
no. sc-57542, Santa Cruz Biotechnology, Inc.), p-EGFR (Tyr-
845; 1:1,000; cat. no. sc-57542, Santa Cruz Biotechnology, 
Inc.), p-EGFR (Tyr-1045; 1:1,000; cat. no. sc-57541, Santa Cruz 
Biotechnology, Inc.), Akt1/2/3 (1:2,000; cat. no. sc-55523, 
Santa Cruz Biotechnology, Inc.), p-Akt1/2/3 (Ser473; 
1:2,000; cat. no. sc-81433, Santa Cruz Biotechnology, Inc.), 
p-Akt1/2/3 (Thr308; 1:2,000; cat. no.  sc-16646-R, Santa 
Cruz Biotechnology, Inc.), MAPK (1:2,000; cat. no. sc-7383, 
Santa Cruz Biotechnology, Inc.), p-p44/42MAPK (1:1,000; 
cat. no. sc-81492, Santa Cruz Biotechnology, Inc.), p-EGFR 
(Tyr-992; 1:5,000; cat. no. ab5638, Abcam) and CD82 IgG 
(1:5,000; cat. no.  ab59509, Abcam). After washing with 
TBST (0.05% Tween-20), the membranes were incubated 
with goat anti-rabbit IgG-horseradish peroxidase (1:2,000; 
cat. no.  sc-2004, Santa Cruz Biotechnology, Inc.) and 
rabbit anti-goat IgG-horseradish peroxidase (1:2,000; cat. 
no. sc-2768, Santa Cruz Biotechnology, Inc.). Protein bands 

were visualized using the ECL kit (Cytiva) and images captured 
using the VersaDoc™ Imaging system (Bio-Rad Laboratories, 
Inc.). Densitometric semi-quantification of protein expression 
levels was performed using the Gel-Pro analyzer v4.0 (Media 
Cybernetics, Inc.) and GraphPad Prism 5 (GraphPad Software, 
Inc.) with β-actin as the loading control.

Wound healing assay. The invasive capacity of the SW620 cells 
was verified through a wound healing assay. SW620 cells were 
seeded on 6-well plates at a cell density of 2x106 cells/well. 
SW620 cells were treated with P4 and/or GM3 and/or trans-
fected as OE or empty vector as control, aforementioned. 
After incubating the cells overnight in serum-free medium, 
the scratch was made when the cells reached 85% conflu-
ence. Cells were washed three times with PBS and incubated 
in serum-free medium containing 10 ng/ml EGF for 48 h at 
37˚C. Images of the migrated cells were captured using a light 
microscope at x200 magnification (Olympus Corporation) in 
three randomly selected fields, wound closure was measured 
with ImageJ software (version 1.47v, National Institutes of 
Health).

Transwell migration assay. For the Transwell migration assay, 
cells were treated as aforementioned and subsequently incu-
bated in serum-free medium overnight at 37˚C. Cells (1x105) 
were then resuspended in 300  µl of serum-free medium 
containing 10 ng/ml EGF and placed on the top compartment 
of a chamber with 8-µm pore polycarbonate filters. The bottom 
chamber was filled with 250 µl medium with 10% FBS. After 
48 h, cells that migrated to the lower surface of the membrane 
were fixed with methanol for 20 min at room temperature 
and stained with 0.1% DAPI; images were captured from five 
randomly chosen fields, and cells were counted under a light 
microscope at x100 magnification (Olympus Corporation). 
To block MAPK and PI3K/Akt pathways with U0126 and 
LY294002 inhibitors, the SW620 cells were exposed to 10 µM 
of U0126 or 15 mM of LY294002 for 4 h at 37˚C. The cells 
were then harvested and used for migration assay.

Statistical analysis. All experiments were repeated at least 
three times and they consistently yielded similar results. 
The data were analyzed using GraphPad Prism 5 (GraphPad 
Software, Inc.). Unpaired t-test or one-way ANOVA 
followed by Dunnett's post hoc test were used for statistical 
comparisons between groups. The results are expressed as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Alteration of ganglioside content and overexpression of CD82 
in SW620 Cells. To investigate the role of gangliosides in 
SW620 cells, which may be related to a metastatic ability (34), 
the expression of gangliosides in SW620 cells was altered by 
inhibiting their synthesis through treatment with P4 and by 
the addition of exogenous GM3. The cells were treated with 
1 µM P4 for 48 h, and the gangliosides were then extracted and 
monitored using HPTLC. The results showed that SW620 cells 
predominantly contained GM2 and that the gangliosides found 
in SW620 cells were nearly depleted with 1 µM P4 (Fig. 1A). 
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To increase the GM3 content, cells were treated with 50 µM 
exogenous GM3 for 48 h, and the expression of GM3 in the 
cells was determined using flow cytometry (Fig. 1B).

To investigate the influence of CD82 on SW620 cell 
motility and migration, the cells were transfected with 
pcDNA4/V5-CD82 as OE or pcDNA4.0 empty vector as 
control, and the mRNA and protein expression levels of CD82 
was measured using RT-qPCR and western blotting, respec-
tively (Fig. 1C and D). The pcDNA4/V5-CD82 plasmid also 
contained the fusion proteins including CD82 and V5 epitopes. 
To confirm the overexpression of CD82, the fusion protein 
was detected by western blot with V5 antibody (Fig. 1D), 
and the CD82 expression profiles were also compared using 
flow cytometry (Fig. 1E). The results demonstrated that CD82 
and V5 expression were significantly higher in OE of SW620 

cells compared with the control. To identify the location of 
recombinant CD82, the flow cytometry assay was performed 
in non-permeable and permeable conditions. CD82 expression 
was observed in 94.9 and 96.6% of CD82 transfected cells, but 
only in 3.4 and 3.6% of control cells, without or with permea-
bilization, respectively (Fig. 1E). No notable difference in the 
expression of CD82 was observed between non-permeabilized 
and permeabilized cells transfected with pcDNA4/V5-CD82 
plasmid, which indicated that the overexpression of CD82 was 
mainly on the cell surface.

Effect of gangliosides and CD82 on the motility and migra-
tion of EGF-stimulated SW620 cells in vitro. To understand 
the influence of gangliosides and CD82 on the metastatic 
ability of SW620 cells, in vitro cell motility and migration 

Figure 1. Expression of gangliosides and CD82 in cells. (A and B) Cells were treated with either 1.0 µM P4 or 50 µM GM3. After 48 h of incubation, the gangli-
osides were extracted and assayed by (A) HPTLC and (B) flow cytometry. (C and D) pcDNA4/V5-CD82 or pcDNA4.0 (control) plasmids were constructed and 
transfected into SW620 cells, and CD82 mRNA and protein expression levels were measured by (C) RT-qPCR and (D) western blot, respectively. Expression 
of V5- tagged CD82 protein was also detected by western blot; β-actin was used as a loading control. (E) Flow cytometric analysis of CD82 expression after 
cell transfection. Shaded areas, SW620 cells transfected with pcDNA4/V5-CD82; non-shaded areas, SW620 cells transfected with pcDNA4.0 control. All the 
results shown are representative of three independent experiments. Data are presented as the mean ± standard deviation from three independent experiments. 
*P<0.05 and **P<0.01 vs. Control group. CD82, CD82 antigen; GD1a and GD1b, disialoganglioside; GM, monosialodihexosylganglioside; Ganglioside GT1b; 
P4, D-threo-1-phenyl-2-palmitoyl amino-3-pyrrolidino-1-propanol; RT-qPCR, reverse transcription-quantitative PCR; OE, overexpression of wild-type CD82.
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assays were performed using both wound healing analysis 
and Transwell migration assay. Each group, stimulated with 
EGF, was compared with the P4 treatment control cells trans-
fected with an empty vector, which had low expression of 
gangliosides and CD82 (Fig. 2A1 and B1). GM2 downregula-
tion in SW620 cells had no significant effect on cell motility 
and migration in vitro compared with the control cells 
(Fig. 2A1, A2, B1 and B2). However, increasing GM3 inhib-
ited cell motility and migration in vitro (Fig. 2A3 and B3). 
CD82 alone or in combination with GM2 significantly inhib-
ited cell motility and migration in vitro (Fig. 2A4, B4, A5 
and B5). GM3 overexpression further enhanced the inhibi-
tory effect of CD82 (Fig. 2A6 and B6). The combination of 
GM3 overexpression and uninhibited GM2 expression (that 
is, without P4 treatment) markedly enhanced the inhibitory 
effect of CD82 compared with either GM3 or GM2 alone 
(Fig. 2A7 and B7). These results suggested that single factor 
of GM3 or CD82 and combination of CD82 with GM2 or 
GM3 can inhibit the EGF-stimulated SW620 cell motility 
and that GM3, GM2 and CD82 in triple combination can 
show the most effect of inhibition of the EGF-stimulated 
SW620 cell motility in vitro.

Effect of gangliosides and CD82 on the phosphorylation of 
EGFR and EGFR-mediated intracellular signaling pathways 
in EGF-stimulated SW620 cells. To investigate the effects of 
gangliosides and CD82 on the EGF-stimulated cell motility 
and migration in vitro, the influence of gangliosides and CD82 
on the activity of EGFR was investigated by detecting the 
phosphorylation levels of three of its tyrosine residues, all 
the experimental groups were compared with the first group, 
which had low expression of gangliosides and CD82. Whereas 
GM2 could not inhibit the phosphorylation at the Tyr1173, 
Tyr1045 and Tyr845 residues (Fig. 3A; lane 2), GM3 could 
significantly inhibit the EGF-stimulated phosphorylation 
levels at the Tyr1173 and Tyr1045 residues (Fig. 3A; lane 3), 
and CD82 could significantly inhibit the phosphorylation 
levels at the Tyr1045 residue (Fig. 3A; lane 4). The combination 
of GM3 and CD82 significantly inhibited the phosphorylation 
of EGFR at both the Tyr1173 and Tyr1045 residues (Fig. 3A; 
lane  6), and the combination of GM2 and CD82 notably 
inhibited the phosphorylation of EGFR at the Tyr1045 residue 
(Fig. 3A; lane 5). The combination of GM3, GM2 and CD82 
resulted in the most effective inhibition of phosphorylation 
levels at Tyr1173, Tyr1045 and Tyr845 residues compared with 

Figure 2. Effect of gangliosides and CD82 on the epidermal growth factor-induced migration of SW620 cells in vitro. (A and B) SW620 cells were cultured 
and treated and/or transfected with the indicated agents and plasmids for 48 h. Cell migration assays were performed using (A) wound healing analysis and 
(B) chemotaxis migration assays. For wound healing assay, the widths of wound closure were measured (magnification, x200). For Transwell assay, the average 
number of cells that migrated through the filter were counted (magnification, x100). Data are presented as the mean ± SD from three independent experiments. 

***P<0.001 vs. P4+Control group. The expression of ganglioside and CD82 in each group are shown as following, 1. No expression of GM2/GM3 and CD82, 
2. Only expression of GM2, 3. Only expression of GM3, 4. Only expression of CD82, 5. Expression of GM2 and CD82, 6. Expression of GM3 and CD82, 
7. Expression of GM2, GM3 and CD82. GM3, monosialodihexosylganglioside GM3; P4, D-threo-1-phenyl-2-palmitoyl amino-3-pyrrolidino-1-propanol; OE, 
overexpression of wild-type CD82
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the control group (Fig. 3A; lane 7). In addition, EGFR phos-
phorylation levels at the Tyr992 residue was also measured 
and no obvious difference among the groups was detected 
(data not shown). These results indicated that gangliosides and 
CD82 downregulated the activity of EGFR by inhibiting the 
phosphorylation of different tyrosine residues of EGFR and 
that the effects of different gangliosides in combination with 
CD82 are also different.

The EGFR-mediated intracellular signaling pathways 
that are involved in the regulation of metastasis were also 
studied. A previous study indicated that MAPK and PI3K/Akt 
signaling pathways are associated with extracellular and intra-
cellular cues to control cell motility (34). To detect the activity 

of the MAPK signaling pathway, the phosphorylation levels of 
MAPK were determined. The results show that neither GM2 
nor GM3 influenced the EGF-stimulated phosphorylation of 
MAPK (Fig. 3B; lanes 2 and 3, respectively), whereas CD82 
significantly inhibited the EGF-stimulated phosphoryla-
tion of MAPK (Fig. 3B; lane 4). CD82 with GM2 or GM3 
(Fig. 3B; lanes 5, and 6) or the mixture of GM2 and GM3 
(Fig. 3B; lane 7) also showed notable inhibitory effect on the 
phosphorylation of MAPK.

To detect the activity of the PI3K/Akt signaling path-
ways, the phosphorylation levels of Akt were determined. 
The results showed that GM3, but not GM2, can inhibit the 
EGF-stimulated phosphorylation of Akt at Ser473 (Fig. 3C; 

Figure 3. Effects of gangliosides and CD82 antigen on the EGF-induced phosphorylation of EGFR and phosphorylation of Akt and MAPK. (A-C) SW620 
cells were cultured and/or transfected with the indicated agents and plasmids for 48 h. After starvation, the cells were stimulated with 50 ng/ml EGF for 
10 min at room temperature. Protein lysates were prepared and subjected to western blot analysis for the indicated proteins. (A) The phosphorylation of EGFR, 
(B) phosphorylation of Akt and (C) MAPK. Data are presented as the mean ± SD from three independent experiments. *P<0.05 and ***P<0.001 vs. P4+Control 
group. EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; GM3, monosialodihexosylganglioside GM3; MAPK, mitogen-activated 
protein kinase; p-, phosphorylated; P4, D-threo-1-phenyl-2-palmitoyl amino-3-pyrrolidino-1-propanol; OE, overexpression of wild-type CD82.
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lanes  3 and  2, respectively) and that CD82 alone cannot 
inhibit the phosphorylation of Akt at Ser473 or T308 (Fig. 3C, 
lane 4). In addition, CD82 with GM3 but not with GM2 can 
exert a synergistic inhibitory effect on the EGF-stimulated 
phosphorylation of Akt at Ser473 (Fig. 3C; lanes 6 and 5, 
respectively). Addition of exogenous GM3 with overexpression 
of CD82 notably reduced the EGF-induced phosphorylation of 
Akt at both Ser473 comparing to the group of exogenous GM3 
alone (Fig. 3C; lanes 3 and 6). The mixture of GM3 and GM3 
with CD82 also presented the notable inhibitory action on the 
EGF-stimulated phosphorylation of Akt at Ser473 (Fig. 3C; 
lane 7).

Effect of blocking the MAPK and PI3K/Akt pathways on cell 
motility and migration. To validate whether EGF-stimulated 
cell motility and migration are mainly regulated by the MAPK 
and PI3K/Akt signaling pathways, the activities of MAPK and 
PI3K/Akt in the cells were blocked with U0126 and LY294002 
inhibitors (Fig. 4). Blocking of the MAPK signaling pathway 
with U0126 inhibited the phosphorylation of MAPK (Fig. 4A) 
and inhibited cell motility and migration (Fig. 4C). Blocking 
of the PI3K/Akt signaling pathway with LY294002 inhib-
ited the phosphorylation of Akt (Fig. 4B) and inhibited the 
EGF-stimulated cell motility and migration (Fig. 4C). These 
results show that both the MAPK and PI3K/Akt pathways 
might be involved in the modulation of SW620 cell motility 
and migration in vitro.

Discussion

Colorectal cancer is a highly malignant tumor of the diges-
tive tract, and its incidence and mortality rates are gradually 

increasing; colorectal cancer has a high mortality rate owing 
to its high metastatic ability (1). Therefore, the elucidation of 
the mechanisms involved in metastasis will allow for the selec-
tion of anti-metastasis drugs contributing to a lower mortality 
rate. SW620 cells were originally isolated from the lymph 
node metastatic foci of a patient with rectal cancer with high 
lymphatic metastasis ability (35). The loss of CD82 expression 
and the increased expression of EGFR and/or its ligands are 
the most notable biological characteristics of colon cancer (7). 
These features have been associated with an increased risk 
of metastasis, but their roles in the lymph node metastatic 
processes have not been completely elucidated.

CD82 is considered a wide-spectrum invasion- and 
metastasis-suppressor. A number of studies have reported that 
the combination of CD82 with gangliosides can exert a syner-
gistic inhibitory effect on cell motility and migration (25,29); 
CD82 and gangliosides can inhibit the phosphorylation and 
activity of EGFR. The present study aimed to understand the 
precise mechanism by which CD82 and gangliosides influence 
EGF-stimulated motility of SW620 cells with potential lymph 
node metastasis (35) by investigating whether EGFR signaling 
is involved in the mechanism by which CD82 and gangliosides 
synergistically inhibit the motility and migration of SW620 
cells. The cells were starved overnight and then stimulated 
with EGF instead of using siEGFR or EGFR selective 
inhibitors. The results demonstrated that SW620 cells mainly 
express ganglioside GM2 and low levels of CD82. Moreover, 
the present study investigated the effects of gangliosides and 
CD82 on the migration of SW620 cells in vitro by altering 
the contents of GM2 and GM3 and the expression of CD82 
in these cells. The results showed that CD82 can suppress 
EGF-stimulated SW620 cell motility and migration and that 

Figure 4. Effect of MAPK and PI3K/Akt signaling pathways inhibition on SW620 cell migration in vitro. To validate that the MAPK and PI3K/Akt signaling 
pathways are involved in the regulation of SW620 cell motility and migration, MAPK and PI3K/Akt signaling pathways were inhibited with U0126 and 
LY294002, respectively. The activation of (A) MAPK and (B) PI3K/Akt signaling pathways were assessed by western blotting. (C) After the treatment, cells 
were harvested, the cell migration was assessed through the chemotaxis migration assay (magnification, x100). The data represent the means ± SD from three 
independent experiments. ***P<0.001 vs. P4+Control group. MAPK, mitogen-activated protein kinase; p-, phosphorylated; P4, D-threo-1-phenyl-2-palmitoyl 
amino-3-pyrrolidino-1-propanol.
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GM3, but not GM2, can suppress the EGF-stimulated SW620 
cell motility and migration. The results of wound healing 
and migration assays in vitro indicated that CD82 with either 
GM3 or GM2 can exert a synergistic inhibitory effect on cell 
migration, and the mixture of CD82 with both GM2 and GM3 
presented the most notable synergistic inhibitory action.

Both GM3 and CD82 can inhibit the phosphorylation and 
activity of EGFR. In order to understand whether CD82 and 
gangliosides synergistically inhibit the motility and migration 
of SW620 cells and whether they are associated with EGFR 
activity, the present study investigated the effects of CD82 and 
the gangliosides GM2 and GM3 on the phosphorylation of 
EGFR and found that gangliosides and CD82 downregulated 
the activity of EGFR through different mechanisms. GM3 
had an inhibitory effect on EGFR activation by inhibiting the 
phosphorylation of EGFR at the Tyr1045 and Tyr1173 residues, 
whereas CD82 downregulated the activity of EGFR by inhib-
iting its phosphorylation at the Tyr1045 residue. The current 
study also found that CD82 with either GM2 or GM3 can 
exert a synergistic inhibitory effect on the activity of EGFR, 
but the mechanisms responsible for the observed synergistic 
effects are different. GM3 enhanced the inhibitory effect of 
CD82 on the phosphorylation of EGFR at both the Tyr1045 
and Tyr1173 residues, whereas GM2 enhanced the inhibitory 
effect of CD82 on the phosphorylation of EGFR only at the 
Tyr1045 residue.

Two intracellular signaling pathways, considered as 
the important pathways involved in modulation of tumor 
metastasis (36,37), which can be stimulated by EGFR were 
analyzed. The overexpression of CD82 inhibited the phos-
phorylation of MAPK. An increase in the level of GM3 
inhibited the phosphorylation of Akt. GM2 cannot influence 
the phosphorylation of MAPK and Akt but can promote the 
inhibitory effect of CD82 on the phosphorylation of MAPK. 
These results indicate that a single factor of GM3 or CD82 
inhibits SW620 cell migration only by downregulating either 
of PI3K or MAPK signaling pathway, whereas the combina-
tion of GM3 and CD82 can affect both PI3K and MAPK 
signaling pathways to decrease cell migration. The most 
prominent inhibitory effect shows when accumulation of 
PI3K and MAPK signaling pathways with mixture of GM2, 
GM3 and CD82. In conclusion, the gangliosides and CD82 
inhibited SW620 cell motility and migration through different 
mechanisms. GM3 suppressed SW620 cell motility and 
migration by inhibiting the EGF-stimulated phosphorylation 
of EGFR at the Tyr1045 and Tyr1173 residues and the down-
regulation of the MAPK signaling pathway, whereas CD82 
suppressed SW620 cell motility and migration by inhibiting 
the EGF-stimulated phosphorylation of EGFR at the Tyr1045 
residue and downregulation of the MAPK signaling pathway. 
The combination of GM3, GM2 and CD82 also resulted in 
inhibition of phosphorylation levels at Tyr845 residues, which 
is not an autophosphorylation site. Phosphorylation of EGFR 
tyrosine 845 is a direct substrate of Src, which is reported as 
synergism with EGFR through MAPK signaling pathway (38). 
Thereby, it was hypothesized that Tyr845 may be also impor-
tant in activation of MAPK pathway and cell migration.

CD82 with either of the gangliosides (GM3 and GM2) 
exerts a synergistic inhibitory effect; however, the mechanisms 
are different. GM3 enhanced the inhibitory effect of CD82 on 

the phosphorylation of EGFR at both the Tyr1045 and Tyr1173 
residues and downregulated the PI3K and MAPK signaling 
pathways, whereas GM2 enhanced the inhibitory effect of 
CD82 on the phosphorylation of EGFR at only the Tyr1045 
residue and downregulated the MAPK signaling pathway. 
CD82 inhibition of tumor cell movement might depend on 
gangliosides by promoting internalization of EGFR, which 
results from phosphorylation of EGFR at specific tyrosine 
residues to activation of EGFR (39). The internalized EGFR 
redistributing into distinct cellular compartments causes 
attenuation of EGFR signaling. Signaling by receptor tyrosine 
kinases (RTK) is mediated by alternative interactions between 
specific phosphotyrosine residues in the activated EGFR and 
individual Src homology 2 (SH2) domains of cytoplasmic effec-
tors. The multiple SH2-containing signal transducers include 
phosphatidylinositol 3-kinase and Grb2, leading to activation 
of downstream kinases including PI3K and MAPK signaling 
pathways. Other studies have revealed that association of a 
particular receptor with a tetraspanin-enriched microdomains 
may lead either to the enhancement or attenuation of its activity, 
and ganglioside expression levels clearly effect the ability of 
tetraspanins to regulate RTK signaling. In addition, it was also 
observed that formation of heterotypic GSL-GSL and GSL 
binding to a GSL-binding protein could affect cellular pheno-
type by activation of a signal transducer (26). Hakomori (26) 
reported that non-malignant HCV29 cells with GM2, GM3, 
and CD82 expression show less motility and invasiveness than 
invasive YTS1 cells without CD82 expression by regulating 
c-Met kinase activity. The present study and these previous 
studies indicated that tetraspanin and specific ganliosides in 
membrane microdomains may influence signaling activation 
or block signaling responses by target growth factor receptors. 
Taken together, the gangliosides and CD82 inhibited SW620 
cell motility and migration by different mechanisms. Future 
investigation of this possibility will help clarify the synergistic 
role of gangliosides and CD82 on EGFR to inhibit cell motility 
and invasion.
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