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Galectin-3 gene silencing inhibits migration and 
invasion of human tongue cancer cells in vitro via 
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Aim: Galectin-3 (Gal-3) is a member of the carbohydrate-binding protein family that contributes to neoplastic transformation, tumor 
survival, angiogenesis, and metastasis.  The aim of this study is to investigate the role of Gal-3 in human tongue cancer progression.
Methods: Human tongue cancer cell lines (SCC-4 and CAL27) were transfected with a small-interfering RNA against Gal-3 (Gal-3-siRNA).  
The migration and invasion of the cells were examined using a scratch assay and BD BioCoat Matrigel Invasion Chamber, respectively.  
The mRNA and protein levels of β-catenin, Akt/pAkt, GSK-3β/pGSK-3β, MMP-9 in the cells were measured using RT-PCR and Western 
blotting, respectively.
Results: Transient silencing of Gal-3 gene for 48 h significantly suppressed the migration and invasion of both SCC-4 and CAL27 cells.  
Silencing of Gal-3 gene significantly decreased the protein level of β-catenin, leaving the mRNA level of β-catenin unaffected.  Further-
more, silencing Gal-3 gene significantly decreased the levels of phosphorylated Akt and GSK-3β, and suppressed the mRNA and pro-
tein levels of MMP-9 in the cells. 
Conclusion: Our data suggest that Gal-3 mediates the migration and invasion of tongue cancer cells in vitro via regulating the Wnt/
β-catenin signaling pathway and Akt phosphorylation.
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Introduction
Squamous cell carcinoma of the tongue (TSCC) is one of 
the most common malignant tumors in the oral cavity and 
accounts for approximately 30%[1] of all oral cancers.  Despite 
advances in the therapeutic management of TSCC over the last 
few decades, the 5-year survival rate is still less than 50%[2] due 
to local recurrence and metastasis.  Therefore, many studies 
have been designed to explore agents that will inhibit tumor 
cell invasion and metastasis and improve the therapeutic 
outcome of patients with tongue cancer.

Galectin-3 (Gal-3), a member of the carbohydrate-binding 
protein family, contributes to neoplastic transformation, tumor 
survival, angiogenesis, and metastasis[3–5].  Gal-3 expression 

is associated with tumor invasion and metastasis in various 
human cancers, such as gastric, colon, prostate, pancreatic, and 
breast cancers[6–10].  Over-expression of Gal-3 enhances can-
cer cell motility and invasion[6–10].  It has been suggested that 
the translocation of Gal-3 from the nucleus to the cytoplasm 
indicates a poor prognosis for patients with tongue cancer[11].  
Furthermore, cytoplasmic expression of Gal-3 was detected in 
~90% of tongue cancers, which correlated with severity and 
metastasis in tongue malignancies[12].  However, the precise, 
underlying mechanism of Gal-3 in tongue cancer cell migra-
tion and invasion remains unclear.  

β-Catenin, an important factor in the canonical Wnt signal-
ing pathway, contributes to cancer invasion and metastasis.  
β-Catenin enhances cancer cell adhesion and migration[13] 
via the Wnt/β-catenin pathway or other signaling pathways 
(SDF-1/CXCR4 axis[14] and the HSIo potassium channel[15]).  
Colon cancer metastasis is associated with activation of the 
Wnt/β-catenin signaling pathway through the expression 
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of the metastasis mediator S100A4[16].  In addition, aberrant 
cytoplasmic accumulation of β-catenin in the cytoplasm pro-
motes invasion and migration of oral squamous cell carcinoma 
cells (OSCC) by enhancing Tcf/Lef-mediated transcriptional 
activity and MMP-7 expression as well as inducing epithelial-
mesenchymal transition (EMT)[17].  

Silencing Gal-3 reduces the migration and invasion ability of 
pancreatic cancer cells through the degradation of β-catenin[9].  
In contrast, Gal-3 expression increases cell motility by 
upregulating fascin-1 expression through the Wnt signaling 
pathway in gastric cancer[6].  Thus, previous studies indicate 
that the Gal-3/β-catenin axis might play an important role 
in tongue cancer cell migration and invasion.  In the present 
study, the effects of Gal-3 on cell migration and invasion were 
examined in Gal-3-siRNA transfected tongue cancer cell lines.  
The role of the Wnt/β-catenin pathway (eg, β-catenin, Akt/
pAkt, and GSK-3β/pGSK-3β) in cell migration and invasion 
was also explored.

Materials and methods
Cell culture and siRNA transfection
SCC-4 and CAL27 cell lines (provided by Shanghai Ninth 
People’s Hospital, affiliated with Shanghai JiaoTong Univer-
sity, School of Medicine, China) were cultured in DMEM/
F12 or DMEM (Invitrogen, Grand Island, NY, USA), respec-
tively, and supplemented with 10% (v/v) fetal bovine serum 
(Hyclone, Logan, UT, USA), 100 units/mL penicillin and 100 
units/mL streptomycin (GIBCO, Grand Island, NY, USA).  
All cells were maintained in a humidified incubator with 5% 
CO2 at 37 °C.  Gal-3-siRNA (5’-GGGAAUGAUGUUGCCUUC-
CACUUUA-3’) and control-siRNA (5’-UUCUCCGAACGU-
GUCACGUTT-3’) were produced by GenePharma Co, Ltd 
(Shanghai, China).  Transient transfection was performed 
using the Lipofectamine RNAi MAX reagent (Invitrogen, 
Grand Island, NY, USA) and following the manufacturer’s 
instructions.  

Western blotting
Cells were harvested following treatment with Gal-3-siRNA or 
control-siRNA for 48 h.  Protein was extracted in lysis buffer A 
(50 mmol/L Tris-HCl pH 7.6, 20 mmol/L MgCl2, 200 mmol/L 
NaCl, 0.5% Igepal CA-630 (Sigma, Deisenhofen, Germany), 
1 mmol/L DL-dithiothreitol (DTT), and protease inhibitors).  
Protein concentrations were measured using a BCA Protein 
Assay Kit.  Fifty micrograms of protein was loaded on a 12% 
SDS-PAGE gel, followed by protein separation and elec-
troblotting onto a polyvinylidene difluoride plus membrane 
(Micron Separation, Inc).  The membrane was labeled with the 
following primary antibodies: anti-Gal-3 (1:500), anti-β-catenin 
(1:2000), anti-Akt (1:500), anti-phosphorylated Akt (1:250), 
anti-GSK-3β (1:500), anti-phosphorylated GSK-3β (1:250), anti-
MMP-9 (1:1000) or anti-β-actin (1:1000).  Anti-β-actin was used 
to monitor equal loading in each lane.  Anti-mouse HRP-con-
jugated secondary antibodies (1:5000) were incubated in 5% 
BSA in PBST buffer for 1.5 h at room temperature.  All anti-
bodies were obtained from Abcam, Cambridge, UK.  Immuno-

reactivity was detected using an enhanced chemiluminescence 
detection system (Amersham, England).  For densitometric 
analysis of Western blots, Alpha Image software (Alpha Inno-
tech, San Leandro, CA) was used.  For experiments using Akt 
inhibitor V (Triciribine, Merck Millipore, Billerica MA, USA), 
cells were cultured in serum-free medium overnight and then 
pre-treated for 1 h with serum-free medium containing Akt 
inhibitor V (20 μmol/L).  Total protein extracts were prepared 
and examined as outlined above.

Cell proliferation assay
Cell proliferation was measured by a methylthiazol tetra-
zolium (MTT) assay.  Cancer cells (2.0×103 cells/well) were 
seeded in 96-well microtiter plates in a total volume of 100 
μL/well.  Transfection was performed when the cells were 
30%–50% confluent.  Following transfection, 10 μL/well of 
CCK-8 was added for 4 h.  The absorbance of each well was 
determined at 450 nm using a microtiter plate reader (Molecu-
lar Devices, Sunnyvale, CA).  The results are expressed as the 
mean±SD of three independent experiments.  Measurements 
were made in triplicate.  

Scratch assay
Cell migration was determined using a scratch assay[18, 19].  
The transfected cell lines were seeded on a 24-well plate and 
allowed to reach confluence.  After scratching the bottom of 
the well with a pipette tip, the monolayer of cells was washed 
three times with PBS to remove the detached cells.  The 
remaining adherent cells were incubated in medium (either 
DMEM/F12 or DMEM) containing 1% FBS for 24 h; this 
medium was then replaced with medium containing 10% FBS.  
Space filling by cell migration was evaluated 48 h later using 
bright-field microscopy.  The experiments were performed in 
triplicate.  

Cell invasion assay
Cell invasion was tested using a BD BioCoat Matrigel Invasion 
Chamber (Becton-Dickinson, MA).  Cells were harvested 48 h 
after transfection.  The cells were re-suspended in serum-
free DMEM and then added to the upper chamber at a 
density of 2×105 cells/well.  Cell invasion into the Matrigel 
was determined after 24 h of culture at 37 °C.  The membrane 
containing invading cells was fixed using methanol and 
stained with HE, and invasion was quantified by light 
microscopy after removing the non-invading cells on the 
upper side of the membrane with cotton swabs.

Fluorescent distribution of β-catenin
SCC-4 monolayers grown on coverslips were transfected 
with Gal-3-siRNA and cultured for 48 h.  These cells were 
fixed with 4% paraformaldehyde for 15 min, incubated with 
0.02% Triton-X-100 for 15 min and blocked in 1% BSA for 30 
min.  The cells were then incubated with a monoclonal mouse 
anti-human β-catenin antibody (Abcam, Cambridge, UK) for 
1 h, followed by incubation with a secondary Alexa Fluor 
555-conjugated goat anti-mouse IgG antibody (Invitrogen, 
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Grand Island, NY, USA, 1:100) for 1 h.  The coverslips were 
washed and soaked in ddH2O for 5 s, mounted onto glass 
microscope slides with Vectashield mounting medium with 
DAPI (H-1200, Vector, Burlingame, VA, USA), and examined 
with an Olympus FluoView FV1000 confocal microscope.  
Experiments were performed in duplicate and repeated at 
least three independent times.

RNA isolation and RT-PCR
Total RNA was extracted from cells 48 h after transfection 
using Trizol.  Template cDNA was synthesized from 1 μg of 
total RNA with a Quantscript RT Kit (TIANGEN, Shanghai, 
China) using random primers and a ribonuclease inhibitor.  
One microliter of the cDNA sample was mixed with 19 μL 
of a master reaction mix.  PCR was performed for 40 cycles 
(denaturation at 95 °C for 15 s, annealing at 60 °C for 1 min and 
extension at 60 °C for 1 min) using a RealMasterMix Kit (SYBR 
Green) and a 7500 Real Time PCR System (America).  The RT-
PCR procedure for MMP-9 was based on a protocol described 
previously[20].  β-actin was used as an internal reference.  The 
following primer sets were used: 

Gal-3, 5’-GGCCACTGATTGTGCCTTAT-3’ (forward);
5’-TGCAACCTTGAAGTGGTCAG-3’ (reverse);
β-catenin, 5’-GCCGGCTATTGTAGAAGCTG-3’ (forward);
5’-GAGTCCCAAGGAGACCTTCC-3’ (reverse);
MMP-9, 5’-GGGCCGCTCCTACTCTGCCT-3’ (forward);
5’-TCGAGTCAGCTCGGGTCGGG-3’ (reverse); and
β-actin, 5’-CTCCTCCTGAGCGCAAGTACTC-3’ (forward);
5’-TCCTGCTTGCTGATCCACATC-3’ (reverse).  
The experiments were performed in triplicate.  

Statistical analysis
Statistical analyses were carried out using SPSS software (Ver 
16.0, USA).  The results are presented as the mean±SD, and 
statistical significance was determined using an ANOVA and 
the SNK-q test.  A value of <0.05 was considered to be statisti-
cally significant.  

Results
Silencing Gal-3 reduces migration and invasion of human tongue 
cancer cells
We used siRNAs to silence Gal-3 in SCC-4 and CAL27 cells.  
Significant inhibition of Gal-3 at the mRNA (PSCC-4=0.021; 
PCAL27=0.003) and protein (PSCC-4<0.01; PCAL27<0.01) level was 
detected 48 h following transient gene silencing of Gal-3, 
whereas there was no significant difference between mock-
treated and control-siRNA transfected cells for either of the 
two cell lines (Figure 1).  Gal-3 silencing caused a 99.4% knock-
down in SCC-4 cells and a 98.6% knockdown in CAL27 cells.  

There were no significant differences in proliferation 
between Gal-3 and control siRNA transfected cells in either of 
the cell lines (Figure 2A) (PSCC-4=0.509; PCAL27=0.366).  However, 
the migration capacity was reduced in Gal-3 siRNA trans-
fected cells compared to the two control groups (Figure 2B).  
The time required for space closure by Gal-3-silenced tongue 
cancer cells was significantly longer than that for control cells 

(data not shown).  Gal-3 siRNA treatment reduced the inva-
sion capacity of both cell lines (PSCC-4<0.01; PCAL27<0.01).  The 
number of migrating cells on the PET membrane was mark-
edly decreased in Gal-3-siRNA treated cells compared with 
control cells (Figure 2C).  These results indicate that Gal-3 
modulates tongue cancer cell migration and invasion but not 
cell proliferation in vitro.

Silencing Gal-3 reduces the level of β-catenin
Because Gal-3 binding to β-catenin is involved in the regula-
tion of the Wnt/β-catenin signaling pathway[21, 22], we ana-
lyzed the relationship between Gal-3 and β-catenin.  We found 
that silencing the Gal-3 gene significantly reduced the protein 
levels of β-catenin in SCC-4 and CAL27 cells (Figure 3A) (PSCC-

4<0.01; PCAL27<0.01).  Interestingly, no significant change in the 
mRNA level of β-catenin was observed in either of the cell 
lines (Figure 3B) (PSCC-4=0.830; PCAL27=0.940).  These results sug-
gest that Gal-3 reduces the level of β-catenin without affecting 
its gene expression.  The distribution of β-catenin after Gal-3 
silencing in SCC-4 cells was examined by dual-fluorescence 
confocal microscopy.  Reduced production of β-catenin (red 
fluorescence) was observed in the cytoplasm and in the 

Figure 1.  Alteration of Gal-3 expression 48 h after transfection.  48 h 
after transient gene silencing of Gal-3, significant inhibition of Gal-3 mRNA 
(A. Gal-3 siRNA vs controls, cPSCC-4=0.021; cPCAL27=0.003) as well as protein 
(B. Gal-3 siRNA vs controls, cPSCC-4<0.01; cPCAL27<0.01) expression was 
detected in experimental groups.
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Figure 2.  Effects of Gal-3 silencing on tumor cell biological characteristics. There was no differences in cell proliferation between control and 
experimental groups in any of the cell lines (A. Gal-3 siRNA vs controls, PSCC-4=0.509; PCAL27=0.366). However, scratch assay demonstrated that cell 
migration was dramatically decreased in experimental groups after Gal-3-siRNA transfection (B).  Cell invasion was decreased in cells treated with Gal-
3-siRNA, when compared with the control groups (C. Gal-3 siRNA vs controls, cPSCC-4<0.01; cPCAL27<0.01).
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nucleus (Figure 3C).

Silencing Gal-3 inhibits phosphorylation of Akt and GSK-3β
Gal-3 has been identif ied as a  key regulator in the 
Wnt/β-catenin signaling pathway and influences cell 
inva sion[6, 9, 21, 22].  To investigate Gal-3-mediated regulation 
of β-catenin, we evaluated the levels of Akt and GSK-3β in 
SCC-4 and CAL27 cells treated with Gal-3-siRNA or control-
siRNA.  While there were no changes in total levels of the two 
proteins, Gal-3-siRNA treatment significantly decreased the 
amount of phosphorylated Akt and GSK-3β (Figure 4A).  We 
also assessed the time dependency of phospho-protein levels 
in SCC-4 cells.  Interestingly, we found that the decrease in 
both pAkt and pGSK-3β occurred 12 h after transfection, while 
down-regulation of β-catenin expression was detected 48 h 
after transfection (Figure 4B).  These findings indicate that 
pAkt and pGSK-3β levels correlate with Gal-3 expression in 
tongue cancer cells and that decreased phosphorylation of Akt 
and GSK-3β occurs before the down-regulation of β-catenin.  

To confirm the necessity of Akt for Gal-3-mediated Wnt 
signaling and β-catenin regulation, Akt inhibitor V was used 
in SCC-4 cells transfected with or without Gal-3-siRNA.  Total 
Akt protein levels were unchanged for all groups.  pAkt and 

β-catenin levels were significantly decreased when Akt was 
inhibited, when Gal-3 was silenced, or when both Akt and 
Gal-3 were inhibited; no significant difference in β-catenin lev-
els was detected between the three groups (Figure 4C).  These 
results suggest that Gal-3 RNAi leads to the down-regulation 
of β-catenin by inhibiting Akt phosphorylation.

Silencing Gal-3 decreases MMP-9 expression
Matrix metallopeptidase-9 (MMP-9) is involved in the break-
down of the extracellular matrix, which is crucial for cell 
migration and invasion[18].  MMP-9 has been suggested to be 
an important downstream target of the β-catenin signaling 
pathway in nasopharyngeal carcinoma[23].  To test if MMP-9 
might be a mediator of β-catenin-induced migration and inva-
sion in SCC-4 cells, we analyzed MMP-9 levels by RT-PCR 
and Western blotting.  MMP-9 mRNA and protein levels were 
significantly lower in Gal-3-siRNA treated cells than in the 
corresponding controls (Figure 5).

Discussion
In this study, we show that Gal-3 inhibition reduces the migra-
tion and invasion capacities of the tongue cancer cell lines 
SCC-4 and CAL27.  Gal-3 is involved in the malignancy of 

Figure 3.  Transfection with Gal-3-siRNA affects β-catenin expression. Inhibition of Gal-3 gene expression affected the protein expression of β-catenin 
in SCC-4 and CAL27 cells (A. Gal-3 siRNA vs controls, cPSCC-4<0.01; cPCAL27<0.01), while its mRNA expression was unaffected in both cell lines (B. Gal-3 
siRNA vs controls, PSCC-4=0.830; PCAL27=0.940).  The immunostaining of β-catenin in cytoplasm and nucleus was decreased in Gal-3 silenced cells 
compared with control group (C).



181

www.chinaphar.com
Zhang D et al

Acta Pharmacologica Sinica

npg

tumor cells, including cancers of the head and neck region[24].  
During the progression from normal cells to cancerous cells, 
it has been shown that Gal-3 expression markedly decreased 
in the nucleus and increased in the cytoplasm in tongue 
cancer[11].  A close correlation between Gal-3 expression and 
malignant metastasis/histological grade in tongue cancer has 
been demonstrated[12], as well as a close correlation between 
Gal-3 and β-catenin in tumors[9, 25].  These data suggest that 

β-catenin plays a key role in the invasion of several types of 
cancer[3–10, 13–17].  In the SCC-4 and CAL27 cells, β-catenin was 
significantly inhibited at the protein level, but it was unaf-
fected at the mRNA level.  This result is consistent with pre-
vious findings in pancreatic cancer cells[9].  Because Gal-3 is 
a binding partner of β-catenin[25], the reduction in β-catenin 
might be due to its increased degradation when Gal-3 is not 
bound.  This result supports the finding that translocation of 

Figure 4.  Regulations of Wnt/β-catenin pathway by Gal-3-siRNA.  There were no significant alterations detected of Akt and GSK-3β protein in total 
protein level, while the expressions of phosphorylated forms of the two kinases were significantly decreased after Gal-3 silencing (A. Gal-3 siRNA vs 
controls, cPSCC-4<0.01; cPCAL27<0.01).  The significant decreasing of both pAkt (cP<0.01) and pGSK-3β (cP<0.01) occurred at 12 h after transfection, while 
downregulation of β-catenin (cP<0.01) expression was detected at 48 h (B).  pAkt and β-catenin expressions were decreased when Akt was inhibited 
or Gal-3 was silenced, or both happened (cP<0.01).  No significant difference of pAkt and β-catenin alterations was detected between the three 
experimental groups (C).
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β-catenin from the cytoplasm into the nucleus leads to the 
transcription of Wnt target genes and tumor progression[26–28].  
This finding further suggests that the β-catenin transcribed 
after Gal-3 knockdown might be degraded in the cytoplasm 
by its regulators, thereby causing its decreased nuclear accu-
mulation.  Gal-3 knockdown might affect molecules that are 
upstream regulators for β-catenin.  

However, we observed diminished levels of pAkt and 
pGSK-3β prior to the decrease of β-catenin following Gal-3-
siRNA treatment of SCC-4 cells.  Investigations of other types 
of cancers have shown that Gal-3 stimulates Akt phosphoryla-
tion and that pAkt phosphorylates GSK-3β (a binding partner 
of β-catenin) at Ser-9 and inactivates this protein[29, 30].  We 
hypothesize that the reduced phosphorylation of GSK-3β, 
mediated by the inhibition of Akt signaling, contributes to 
enhanced β-catenin degradation.  This observation is in accor-
dance with studies of pancreatic and colon cancer cells[9, 28].  
Inhibition of Akt activity by the down-regulation of pAkt can 
decrease pGSK-3β levels, while activation of Akt might phos-
phorylate GSK-3β[31].  Meanwhile, using an Akt inhibitor leads 
to β-catenin repression, which is similar to observations made 
using Gal-3-siRNA.  Gal-3-siRNA cannot suppress β-catenin 
levels further after treatment with an Akt inhibitor, indicating 
that Akt plays an important role in Gal-3/β-catenin function.  
Our data suggest that β-catenin might be a downstream effec-
tor for Gal-3 in tongue cancer cells and that Gal-3 silencing 
and the inhibition of Akt and GSK-3β phosphorylation leads 
to β-catenin degradation; this observation is consistent with 
findings in pancreatic and colon cancer cells[9, 28].

MMP-9, a β-catenin target gene in the Wnt signaling path-
way, is important for cell migration[18, 32].  We demonstrated 
that MMP-9 mRNA levels and protein levels decreased with 

Gal-3 silencing, indicating that Gal-3 RNAi inhibits tongue 
cancer cell invasion and migration through the Wnt/β-catenin 
signaling pathway.  

The PI3K/AKT pathway is a key signaling pathway 
involved in the regulation of cancer cell activity.  pAkt may 
be involved in invasion by head and neck squamous cell car-
cinoma[33, 34].  Gal-3-mediated cancer cell invasion occurs not 
only through Akt but also through other effectors that are 
regulated by Gal-3 and the Wnt/β-catenin signaling pathway.  
The precise interaction between Gal-3, PI3K/AKT, and Wnt/
β-catenin pathway is unclear and will be further investigated.

Gal-3 regulates cell motility.  One explanation for the role 
of Gal-3 in cell motility is that the expression of specific bind-
ing sites for sialylated Lewis antigens at the surface of tumor 
cells is altered; the presence of these sites can arrest tumor cell 
transmigration into the extravascular space and suppress cell 
migration[35].  Gal-3 decreases the motility potential on laminin, 
modifies the cytoskeleton reorganization and downregulates 
expression of integrins-α6/β1 (cell adhesion molecules)[36].  
However, a controversial finding reported that the absence of 
Gal-3 does not interfere with the pattern of β-catenin expres-
sion and the mediation of the Wnt signaling pathway[37].  This 
conclusion is based on the finding that Gal-3 knockout mice 
tumors were positive for β-catenin.  This observation suggests 
that β-catenin activity is crucial for the transformation and/
or maintenance of squamous cell carcinoma of the tongue and 
that in the absence of Gal-3, tumor cells gain β-catenin activ-
ity by a compensatory mechanism.  However, both membra-
nous and non-membranous β-catenin staining were lower in 
the tumors of Gal-3 knockout mice than in wild-type mice.  
Furthermore, the high positivity index for non-membranous 
β-catenin in dysplasias and carcinomas from Gal3–/– mice 
might not reflect activated Wnt signaling.  This finding might 
be due to different cancer origins and/or different biological 
functions of Gal-3, which may be cell- and tissue-dependent[38].  
Interestingly, no significant difference was observed in the 
development and metastasis of lung tumors between Gal-3–/– 
and wild-type mice[39].  This finding might be due to other 
alternative molecule(s) that regulate carcinogenesis.  Further 
in vitro and in vivo experiments are needed to clarify these con-
tradictions.

While Gal-3 may promote cell proliferation[40, 41], we found 
that Gal-3 silencing had no effect on the proliferation of SCC-4 
and CAL27; this result is consistent with findings from studies 
of pancreatic cancer[9].  We speculate that there are unknown 
regulators mediating cell proliferation in the Gal-3/β-catenin 
pathway.  Such regulators may enhance cell proliferation 
compared to β-catenin or counteract the inhibition of cell 
proliferation with β-catenin silencing.

In conclusion, Gal-3 manipulates the level of β-catenin and 
Wnt signaling in tongue cancer.  Gal-3 mediates cell migration 
and invasion by activating Akt, which regulates GSK-3β 
phosphorylation and β-catenin degradation.  Understanding 
the underlying mechanisms may provide novel strategies 
for tongue cancer treatments.  RNA interference of Gal-3 
expression might be an effective anti-tongue cancer strategy.

Figure 5.  MMP-9 mRNA expression was reduced by transfection after 
48 h (A).  Meanwhile, MMP-9 protein expression was significantly 
decreased after Gal-3 knockdown in SCC-4 cells as well (B. Gal-3 siRNA vs 
controls, 86.9% reduced, cP<0.01). 
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