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Galectin-3 facilitates the proliferation and migration of
nasopharyngeal carcinoma cells via activation of the ERK1/2
and Akt signaling pathways, and is positively correlated with

the inflammatory state of nasopharyngeal carcinoma
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Abstract. Nasopharyngeal carcinoma (NPC) is an epithelial
carcinoma originating from the nasopharyngeal mucosal
tissue and is highly prevalent in southeast Asia. Galectin-3
(gal-3) serves crucial roles in many cancers but its role in NPC
remains to be elucidated. The aim of the present study was to
investigate the role of gal-3 in NPC. Immunohistochemistry
and ELISA were used to determine the expression level of
gal-3 in patients with NPC or chronic rhinitis (CR). Gal-3
short hairpin (sh)RNA was established to knockdown gal-3 in
5-8F and 6-10B cells, allowing for the evaluation of the roles
of gal-3 in proliferation, migration and apoptosis in NPC cell
lines. Immunohistochemistry staining of IL-6 and IL-8 was
applied to access the inflammatory state of tumor tissues, and
the correlation between the inflammatory state and gal-3 was
analyzed. The results demonstrated that gal-3 was upregu-
lated in patients with NPC compared with patients with CR.
Knockdown of gal-3 inhibited proliferation and migration in
5-8F and 6-10B cells, as well as promoted apoptosis in these
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cells. The expression levels of MMP-9 and IL-8 were also
decreased in 5-8F and 6-10B cells after transfection with gal-3
shRNA. A positive correlation was identified between the
expression level of gal-3 and the inflammatory state of NPC.
The phosphorylation levels of ERK1/2 and Akt were down-
regulated after knockdown of gal-3 in 5-8F and 6-10B cells.
In conclusion, the expression level of gal-3 was upregulated
in patients with NPC and was positively correlated with the
inflammatory state of NPC. The results suggested that gal-3
promoted the proliferation and migration of 5-8F and 6-10B
cells, while inhibiting the apoptosis of these cells. Moreover,
activation of ERK1/2 and Akt may be the underlying
mechanism of the effects of gal-3 on NPC.

Introduction

Nasopharyngeal carcinoma (NPC), an epithelial carcinoma
originating from the nasopharyngeal mucosal tissue, is widely
distributed in Southeast Asia, and especially in southern
China (1-3). The incidence of NPC in southern China is
60 per 100,000 individuals, and the corresponding mortality
in 2015 was 34 per 100,000 individuals (4,5). Metastasis
usually occurs in the early stage of NPC and is the main cause
of patient mortality (6). Therefore, it is urgent for researchers
to examine the underlying mechanism of the development and
metastasis of NPC and to identify potential therapeutic targets
for NPC.

Galectin-3 (gal-3), a member of the [3-galactoside-binding
protein family, is characterized by a specific chimeric struc-
ture containing a unique carbohydrate recognition domain
and multifunctional N-terminal domain (7). Gal-3 is involved
in cellular homeostasis, organogenesis, angiogenesis, tumor
invasion and metastasis (8). Research has indicated that the
upregulation of gal-3 promotes neoplastic transformation
and contributes to the phenotype maintenance of malignant
breast cells (9,10). In addition, patients with tumor metastasis
exhibited significantly higher concentrations of circulating
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gal-3 compared with healthy individuals (11). Gal-3 was also
found to induce the formation of new capillaries in vivo and
sustain the angiogenic capability of tumor-associated macro-
phages (12,13). Thus, it was hypothesized that gal-3 may be
associated in the development and metastasis of NPC. ERK1/2
and Akt signaling pathways are crucial regulators in the devel-
opment and metastasis of NPC (14,15). However, whether
gal-3 is involved in the activation of ERK1/2 and Akt signaling
pathways remains unknown and requires further investigation.

In the present study, tumor tissue samples from patients
with NPC and nasopharyngeal tissues from patients with
chronic rhinitis (CR) were collected, and the difference in
the expression levels of gal-3 was investigated. Subsequently,
the NPC cell lines, 5-8F and 6-10B, and the nasopharyngeal
epithelium cell line, NP69, were used to examine the function
and potential mechanism of gal-3 in NPC.

Materials and methods

Collection of human samples. The study was approved by
the Ethics Committee of Xiangya Hospital Central South
University. In total, 40 tumor specimens and 37 serum samples
(5 ml) were obtained from 40 patients with NPC, and 15 naso-
pharyngeal tissues and 26 serum samples were collected
from 26 patients with CR in Xiangya Hospital Central South
University between January 2015 and January 2018. Written
informed consent was obtained from all patients prior to inclu-
sion in the study. Characteristics of the patients, including sex,
age and TNM stage, were recorded. The tissues were fixed
in 4% formalin at room temperature for 24 h and embedded
in paraffin for subsequent histological experiments, and the
serum was stored at -80°C.

Cell culture. The NPC cell line, 5-8F, was kindly provided
by the Cancer Research Institute of Central South University.
The NPC cell line, 6-10B, and the immortalized nasopharyn-
geal epithelium cell line, NP69, were purchased from Hunan
Fenghui Biotechnology Co., Ltd. 5-8F and 6-10B cells were
cultured in high-glucose DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) and 1% penicillin-streptomycin. NP69
cells were cultured in keratinocyte serum-free medium
(Invitrogen; Thermo Fisher Scientific, Inc.). All cells were
cultured in a 37°C incubator with 5% CO,.

Gal-3 short hairpin (sh)RNA (1,000 ng/ul) and control
shRNA (1,000 ng/ul) (Shanghai Genechem Co., Ltd.) were
transfected into cells at room temperature for 15 min using
the FuGENE HD transfection reagent (Promega Corporation),
according to the manufacturer's recommendation. After a
month and a half of screening, subsequent experiments were
performed. The sequences of the gal-3 shRNA and control
shRNA are presented in Tables SI and SII.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was isolated using RNAiso Plus reagent (Takara Bio,
Inc.) and reverse transcribed using the PrimeScript RT Reagent
kit with gDNA FEraser (Takara Bio, Inc.). The temperature and
duration of reverse transcription was: 37°C for 15 min, 85°C
for 5 sec. Relative gene expression levels were measured using
SYBR Premix Ex Taq II (Takara Bio, Inc.). The thermocycling

conditions were: Holding stage, 95°C for 30 sec; PCR stage,
95°C for 5 sec, 58°C for 30 sec, 40 cycles; melt curve stage,
95°C for 15 sec, 60°C for 60 sec and 95°C for 15 sec. The
results were quantitatively analyzed according to the 2-44¢4
method (16). The sequences of the primers used for RT-qPCR
analysis are presented in Table SIII.

Immunoblotting. For immunoblotting, whole cell lysates
were prepared in RIPA buffer (Sigma-Aldrich; Merck KGaA)
containing protease inhibitor and phosphatase inhibitor
(Roche Diagnostics). Protein concentration was determined
using a BCA protein assay kit (Thermo Fisher Scientific,
Inc.). Then, protein samples (20 ug) were separated by
SDS-PAGE and subsequently transferred to PVDF membranes
(EMD Millipore). The membranes were blocked in 5% milk for
1 h at 37°C before incubation with primary mouse monoclonal
anti-gal 3 antibody (1:1,000; cat. no. 60207-1-1g; ProteinTech
Group, Inc.), rabbit monoclonal anti-phosphorylated (p)-Akt
(S473) antibody (1:1,000; cat. no. BS9913M; Bioworld
Technology, Inc.), rabbit polyclonal anti-Akt antibody (1:1,000;
cat. no. BS1810; Bioworld Technology, Inc.), rabbit mono-
clonal anti-p-ERK1/2 antibody (1:1,000; cat. no. 4370; Cell
Signaling Technology, Inc.), rabbit monoclonal anti-ERK1/2
antibody (1:1,000; cat. no. 4695; Cell Signaling Technology,
Inc.) and rabbit polyclonal anti-GAPDH antibody (1:5,000;
cat. no. 10494-1-AP; ProteinTech Group, Inc.) overnight at 4°C.
Then, the membranes were incubated with HRP-coupled
secondary antibodies (Goat Anti-Rabbit IgG(H+L), HRP
conjugate, 1:10,000; cat. no. SAO0001-2 and Goat Anti-mouse
IgG(H+L), HRP conjugate, 1:10,000; cat. no. SA00001-2;
ProteinTech Group, Inc.) for 1 h at 37°C. After washing with
PBS, the membranes were visualized using ECL reagent
(cat. no. pl0100; NCM Biotech) and imaged using X-ray film.
Image] software was used for densitometry (version number:
1.51v, https://imagej.net/downloads).

ELISA. The concentration of gal-3 in serum was determined
using the Human Galectin-3 ELISA kit (cat. no. E-EL-H1470c;
Elabscience, Inc.) according to the manufacturer's
recommendation.

Immunohistochemical assay. Paraffin-embedded sections
(tissues fixed in 4% formalin at room temperature for 24 h;
section thickness, 4 ym) were deparaffinized and hydrated
(100, 95, 80 and 70%). After antigen retrieval, sections were
blocked using normal goat serum (cat. no. ZLI-9022; OriGene
Technologies, Inc.) at room temperature for 30 min and then
were incubated with primary antibodies against gal-3 (1:500;
cat. no. 60207-1-1g; ProteinTech Group, Inc.), IL-6 (1:200,
cat. no. ab6672; Abcam) and IL-8 (1:400; cat. no. 27095-1-AP;
ProteinTech Group, Inc.). Then, sections were stained using
a detection kit (cat. no. PV9000; OriGene Technologies, Inc.)
at room temperature for 60 sec and hematoxylin at room
temperature for 30 sec (both from OriGene Technologies,
Inc.). Images (10 fields for each section) were obtained using
light microscope with a digital camera (Olympus Corporation)
at x400 magnification. According to the method described by
Hara and Okayasu (17), the present study blindly analyzed
the expression levels of gal-3, IL-6 and IL-8 in tissues. The
immunohistochemistry score was determined as follows:
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Staining percentage: No positive cells, 0; <25% positive
cells, 1; 26-50% positive cells, 2; 51-75% positive cells, 3; and
>75% positive cells, 4; and staining intensity: No staining, O;
weak staining, 1; moderate staining, 2; and dark staining, 3.
Comprehensive score=staining percentage + staining inten-
sity. Comprehensive scores of gal-3, IL-6 and IL-8 =4 were
classified as high expression; scores of <4 were classified as
low expression.

Cell proliferation. 5-8F and 6-10B cells were seeded in 96-well
plates at a density of 4,000 cells per well. After 24 h, 20 ul
MTT solution was added. Then, 4 h later, MTT was removed,
100 ul DMSO was added and the absorbance at 490 nm was
measured (Varioskan Flash; Thermo Scientific, Inc.).

Hoechst staining. 5-8F and 6-10B cells (1x10°) were cultured
in 96-well plates and incubated at 37°C with 5% CO, for
24 h. The cells were washed twice with PBS and incubated at
room temperature with glacial acetic acid/methanol mixture
(glacial acetic acid: Methanol=1:3) for 30 min. After washing
with PBS, the cells were incubated with 1 yg/ml Hoechst
33258 solution for 10 min in the dark at 37°C. Images were
then acquired using a fluorescent PerkinElmer Operetta CLS
system (PerkinElmer, Inc.) at x400 magnification; six fields
were randomly chosen.

5-Ethynyl-2'-deoxyuridine (Edu) labeling Assay. 5-8F
and 6-10B cells (1x10% were cultured in 96-well plates and
incubated at 37°C with 5% CO, for 24 h. Cells were incu-
bated with EdU solution (50 xM; B8010; Beijing Solarbio
Science & Technology Co., Ltd.) for 2 h at room temperature
and then was fixed using 4% paraformaldehyde at room
temperature for 30 min. Cells were incubated with glycine
(50 ul; 2 mg/ml; cat. no. STO8S; Beyotime Institute of
Biotechnology) for 5 min at room temperature and washed
with PBS thrice. After that, cells were permeated with
0.5% Triton X-100 (cat. no. ST797; Beyotime Institute of
Biotechnology) for 10 min at room temperature and stained
with Apollo staining solution (cat. no. CA1170; Beijing
Solarbio Science & Technology Co., Ltd.) for 30 min at room
temperature. Subsequently, cells were washed with PBS thrice
and stained with Hoechst 33342 solution (cat. no. B8040;
Beijing Solarbio Science & Technology Co., Ltd.) for 30 min
at room temperature. Images were then acquired using a fluo-
rescent PerkinElmer Operetta CLS system (PerkinElmer, Inc.)
at x400 magnification; six fields were randomly chosen.

Scratch assay. 5-8F and 6-10B cells were seeded in 6-well
plates at a density of 2x10°/ml and incubated at 37°C with
5% CO,. For the scratch assay, cells were scratched using
10-ul pipette tips. During cultivation, the medium was
replaced with high-glucose DMEM containing 1% FBS.
Images of cells were taken at x100 magnification after O,
24 and 48 h (Olympus Corporation). The wound closure rate
[(initial wound area-wound area at 24 h)/initial wound area]
was analyzed using Image Pro Plus 6.0 software (Media
Cybernetics, Inc.) (18).

Migration assay. Cells were collected and resuspended in
serum-free DMEM. Then, ~5x10* cells in 200 pl serum-free

DMEM were seeded in the upper chamber, while the lower
chamber was filled with 600 x1 DMEM containing 15% FBS.
After 24 h incubation at 37°C with 5% CO,, the cells on the
upper face were wiped off, while those that migrated to the
lower face were fixed using 4% paraformaldehyde at room
temperature for 20 min and stained with crystal violet solu-
tion (cat. no. C0121; Beyotime Institute of Biotechnology) for
5 min. Images were obtained using a microscope (Olympus
Corporation). The number of migrated cells was counted in
three random fields (x200 magnification).

Statistical analysis. All experiments were repeated three
times. All analyses were performed using SPSS 18.0 (SPSS,
Inc.) and GraphPad Prism 8 (GraphPad Software, Inc.).
The numerical data are presented as the mean + SEM, and
were analyzed using an unpaired Student's t-test or one-way
ANOVA followed by Tukey's multiple comparisons test post
hoc test. The Fisher's exact test and Pearson's correlation
were used to analyze the difference in the expression levels
of gal-3 and the relationship between gal-3 and inflammation
cytokines. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression levels of gal-3 are upregulated in patients with
NPC and in NPC cell lines. The expression levels of gal-3 in
tumor tissues and nasopharyngeal tissues were determined
via immunochemistry. The results demonstrated that gal-3
was mainly expressed in the cytoplasm and was significantly
upregulated in patients with NPC compared with patients with
CR (Fig. 1A; Table I). Furthermore, the results of the ELISA
showed that the concentration of circulating gal-3 in patients
with NPC was significantly higher compared with that of
patients with CR (Fig. 1B). The mRNA expression levels of
gal-3 in the NPC cell lines, 5-8F and 6-10B, were significantly
higher compared with those of NP69, a nasopharyngeal
epithelium cell line (Fig. 1C). In addition, immunoblotting
demonstrated that the expression levels of gal-3 protein in
5-8F and 6-10B cells were significantly upregulated compared
with those of NP69 cells (Fig. 1D). However, there was no
correlation between the expression levels of gal-3 in tumor
tissues and the TNM stage of patients with NPC (Table SIV).

Knockdown of gal-3 inhibits the proliferation and migration
of NPC cell cells and induces their apoptosis. Transfection
of gal-3 shRNA was capable of downregulating the protein
and mRNA expression levels of gal-3 in 5-8F and 6-10B
cells (Fig. 2A and B). The MTT proliferation assay demon-
strated that, after transfection with gal-3 shRNA, 5-8F and
6-10B cells exhibited significantly impaired proliferative
capabilities compared with cells transfected with control
shRNA (Fig. 2C). The results of EdU staining indicated that
knockdown of gal-3 significantly inhibited the proliferation of
5-8F and 6-10B cells, compared with cells transfected with
control shRNA, while the results of Hoechst 33258 staining
suggested that knockdown of gal-3 promoted apoptosis in 5-8F
and 6-10B cells (Fig. 2D and E). On the other hand, based on
the scratch assay used to determine the mobility of 5-8F and
6-10B cells, knockdown of gal-3 in NPC cells significantly
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Figure 1. Expression levels of gal-3 are upregulated in patients with NPC and in NPC cell lines. (A) Representative images of immunochemistry staining of
gal-3 in nasopharyngeal tissues and tumor tissues at x400 magnification. (B) Concentrations of serum gal-3 in patients with NPC and patients with CR were
determined via ELISA. #P<0.05. (C) mRNA expression levels of gal-3 in NP69, 5-8F and 6-10B cells were detected using reverse transcription-quantitative
PCR and normalized to GAPDH. (D) Protein expression levels of gal-3 in NP69, 5-8F and 6-10B cells were detected via western blotting, using GAPDH as the
loading control. “P<0.01, ""P<0.001 vs. NP69 cells. Gal-3, galectin-3; NPC, nasopharyngeal carcinoma; CR, chronic rhinitis.

decreased their migratory capability compared with the results
of cells transfected with control shRNA (Fig. 3A and B).
A Transwell migration assay further validated these find-
ings (Fig. 3C and D). In addition, the mRNA expression
levels of MMP-9 in 5-8F and 6-10B cells were significantly
downregulated after transfection with gal-3 shRNA (Fig. 3E).

Gal-3 is associated with the inflammatory state of NPC. The
expression levels of the inflammatory cytokines, IL-6 and
IL-8, were measured using a immunohistochemical assay to
assess the inflammatory state of the tumor tissue. The results
suggested that IL-6 and IL-8 were mainly expressed in the
cytoplasm and extracellular matrix. The relationship between
gal-3 and the inflammatory cytokines was analyzed, and
the results demonstrated that the expression level of gal-3
was positively correlated with the expression levels of IL-6
and IL-8, which suggests that gal-3 was associated with the

inflammatory state of NPC (Fig. 4A). Furthermore, 5-8F and
6-10B cells transfected with gal-3 shRNA exhibited signifi-
cantly lower expression levels of IL-8 compared with cells
transfected with control shRNA (Fig. 4B).

Knockdown of gal-3 suppresses the ERK1/2 and Akt signaling
pathways. The ERK1/2 and Akt signaling pathways are
involved in the processes of tumor survival and migration (19).
After transfection with gal-3 shRNA, the phosphorylation
levels of ERK1/2 and Akt were significantly decreased in 5-8F
and 6-10B cells, compared with cells transfected with control
shRNA (Fig. 5A and B).

Discussion

Compared with other types of cancer, NPC is relatively rare,
accounting for only 0.7% of all cancer types in 2018 (20).
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Table I. Expression levels of gal-3 in patients with NPC compared with patients with CR.

Expression levels of gal-3

Group Cases (n) High expression Low expression P-value
CR 15 7 8 0.0015
NPC 40 36 4

The Fisher's exact test was used to analyze the expression levels of gal-3 in patients with NPC and patients with CR. CR, chronic rhinitis;
NPC, nasopharyngeal carcinoma; Gal-3, galectin-3.
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Figure 2. Knockdown of gal-3 inhibits the proliferation of 5-8F and 6-10B cells, while inducing their apoptosis. (A) Protein expression levels of gal-3 in 5-8F
and 6-10B cells transfected with control shRNA or gal-3 shRNA were determined via western blotting, using GAPDH as the loading control. (B) mRNA
expression levels of gal-3 in 5-8F and 6-10B cells transfected with control shRNA or gal-3 shRNA were determined via reverse transcription-quantitative
PCR. (C) A MTT proliferation assay using was used to investigate the proliferation of 5-8F and 6-10B cells transfected with control shRNA or gal-3
shRNA. Representative images of Hoechst 33258 and EdU staining of (D) 5-8F and (E) 6-10B cells transfected with control shRNA or gal-3 shRNA to
show their apoptosis and proliferation (magnification, x400). 'P<0.05, 7P<0.01, "'P<0.001 vs. control sShRNA. shRNA, short hairpin RNA; Gal-3, galectin-3;
EdU, 5-Ethynyl-2'-deoxyuridine; O.D, optical density.
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Figure 3. Knockdown of gal-3 inhibits the migration of 5-8F and 6-10B cells. Representative images of the scratch assay demonstrating the mobility of (A) 5-8F
and (B) 6-10B transfected with control sShRNA or gal-3 shRNA (magnification, x100). Representative images of a Transwell assay showing the capability
of migration of (C) 5-8F and (D) 6-10B transfected with control shRNA or gal-3 shRNA (magnification, x200). (E) mRNA expression levels of MMP-9
in 5-8F and 6-10B cells transfected with control shRNA or gal-3 shRNA were investigated via reverse transcription-quantitative PCR. "P<0.05, ¥'P<0.01,

"P<0.001 vs. control shRNA. shRNA, short hairpin RNA; Gal-3, galectin-3.

However, >70% of new NPC cases are diagnosed in Southeast
Asia, indicating an extremely unbalanced global distribu-
tion (20). In addition, NPC is one of the most aggressive cancer
types and is characterized by frequent lymph node metas-
tasis (21). Therefore, most patients with NPC are diagnosed
at the advanced stage (22). Radiotherapy and chemotherapy
are the conventional treatments for NPC, but the prognosis for
patients at the advanced stage remains poor (23). Under such
circumstances, it is important to investigate the underlying
mechanism of occurrence and development of NPC.

Gals are carbohydrate-binding proteins, and members
of the galectin family serve important roles in different types
of cancer (24). Using proteomic analysis, our previous study
reported that gas-1 acted as a biomarker for NPC (25). Gal-3
exhibits a specific chimeric structure, and is associated with
the development of tumors and metastasis (8). Gal-3 is also
significantly upregulated in Caco2 and DLD-1 cells, which are

both human colon cancer cell lines, and the inhibition of gal-3
can suppress the mobility of these cells (26). Under hypoxic
conditions, the secretion of gal-3 is significantly upregulated in
tumor-associated macrophages, and the upregulation of gal-3 can
result in the progression of breast cancer (27). Moreover, forkhead
box DI and gal-3 form a positive regulatory loop to modulate
the aggressiveness of lung cancer (28). In head and neck adenoid
cystic carcinoma, gal-3 was found to have a close relationship
with distant metastasis (29). Thus, it was suggested that gal-3
may be associated with the development and metastasis of NPC.

In the present study, tumor tissues and nasopharyngeal
tissues were obtained from patients with NPC and CR, respec-
tively, and the immunochemistry results indicated that gal-3 was
significantly upregulated in the tumor tissues from patients with
NPC compared with the nasopharyngeal tissues from patients
with CR. Furthermore, the concentration of circulating gal-3 in
patients with NPC was significantly higher compared with that
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Figure 4. Gal-3 is associated with the inflammatory state of NPC. (A) Representative images of IHC staining gal-3, IL-6 and IL-8 in tumor tissues (magnifica-
tion, x400). The Spearman's correlation analyzation indicated that the expression level of gal-3 was positively correlated with the expression levels of IL-6 and
IL-8 in tumor tissues. (B) mRNA expression levels of IL-8 in 5-8F and 6-10B cells transfected with control shRNA or gal-3 shRNA were determined using
reverse transcription-quantitative PCR. P<0.01, ""P<0.001 vs. control shRNA. shRNA, short hairpin RNA; Gal-3, galectin-3; IHC, immunohistochemistry.

of patients with CR. These results implied that gal-3 may be
involved in the development and metastasis of NPC. The NPC
cell lines, 5-8F and 6-10B, and immortalized nasopharyngeal
epithelium cell line NP69 were also used to examine the role
of gal-3 in NPC. Consistent with the expression level of gal-3
in vivo, 5-8F and 6-10B cells exhibited significantly greater
expression levels of gal-3 compared with NP69.

In the subsequent experiment, gal-3 shRNA was estab-
lished to investigate the roles of gal-3 in NPC cells. After
transfection with gal-3 shRNA, the proliferation and migration

of 5-8F and 6-10B cells were significantly inhibited, while
apoptosis in 5-8F and 6-10B cells was significantly activated.
In addition, the expression level of MMP-9 was upregulated
in cells transfected with gal-3 shRNA. MMPs are involved in
the modulation of cell-cell interaction, cell-matrix interaction
and extracellular matrix remodeling, and are associated with
tumor metastasis (30). MMP-9 acts as a crucial regulator of
metastasis of NPC and may be a potential therapeutic target
for patients with NPC (31,32). The findings of the present study
suggested that gal-3 served important roles in the proliferation,
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Figure 5. Knockdown of gal-3 suppresses the ERK1/2 and Akt signaling pathways. Phosphorylation levels of ERK1/2 and Akt in (A) 5-8F and (B) 6-10B cells
transfected with control sShRNA or gal-3 shRNA were detected via western blotting, using GAPDH as the loading control. 'P<0.05, "P<0.01, "P<0.001 vs. control

shRNA. shRNA, short hairpin RNA; Gal-3, galectin-3; p-, phosphorylated.

migration and apoptosis of NPC cells, and a regulate the devel-
opment and metastasis of NPC in vivo. However, analysis of
the correlation between the expression level of gal-3 and the
TNM stage of patients with NPC suggested that there was no
significant correlation between the two (Table SIV). This may
be due to the relatively small number of cases in the present
study (40 cases). Another explanation may be that the majority
of the patients were at TNM stage III-IV (Table SIV).

The NF-«xB signaling pathway regulates the development
of NPC, and the dysregulation of NF-«B is regarded as a vital
component of NPC tumorigenesis (33). NF-kB mediates the
inflammatory response inside tumors and leads to the accumu-
lation of proinflammatory cytokines in tumor tissues, which
contributes to the tumor microenvironment, and eventually,
tumorigenesis (34). ILs are multifunctional inflammatory
cytokines that can regulate inflammatory responses and are
considered important oncogenic mediators (35). Gal-3 is
known to provoke an inflammatory reaction in acute inflam-
matory diseases, such as pneumonia, while inducing wound
healing and fibrosis in chronic inflammatory diseases (36,37).
The role of gal-3 in the inflammation state of NPC, however,
requires further investigation. In the present study, the expres-
sion levels of IL-6 and IL-8 in tumor tissue samples from
patients with NPC were determined using immunohistochem-
istry to assess the inflammatory state of these tissues. It was
found that the expression level of gal-3 in tumor tissues was
positively correlated with the expression levels of IL-6 and

IL-8 in tumor tissues. Furthermore, after transfection with
gal-3 shRNA, the expression level of IL-8 in 5-8F and 6-10B
cells was significantly downregulated compared with that of
cells transfected with control shRNA. These results suggested
that gal-3 may be involved in the inflammatory response of
NPC.

Finally, the current study sought to define the underlying
mechanism of the effect of gal-3 on NPC cells. The activation
of the ERK1/2 and Akt signaling pathways is involved in the
proliferation, migration, invasion, metastasis and radiosen-
sitivity of NPC (38-40). However, whether gal-3 affects the
ERK1/2 and Akt signaling pathways of NPC cell lines remains
unknown. Thus, in the present study, the phosphorylation
levels of ERK1/2 and Akt were investigated in 5-8F and 6-10B
cells transfected with gal-3 shRNA or control shRNA, and
the results of immunoblotting indicated that gal-3 knockdown
leads to the suppression of the ERK1/2 and Akt signaling
pathways in 5-8F and 6-10B cells. These results suggest that
activation of the ERK1/2 and Akt signaling pathways may be
the potential mechanism of the effect of gal-3 on NPC cells.

In conclusion, the present study demonstrated that the
expression level of gal-3 was significantly upregulated in
patients with NPC compared with patients with CR, and that
the expression level of gal-3 was associated with the inflamma-
tory state of tumor tissues from patients with NPC. Knockdown
of gal-3 in 5-8F and 6-10B cells using gal-3 shRNA led to
the inhibition of cell proliferation and migration, promotion
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of cell apoptosis and downregulation of MMP-9 and IL-8
expression levels. Moreover, knockdown of gal-3 suppressed
the phosphorylation of ERK1/2 and Akt, which may highlight
the underlying mechanism of gal-3 in NPC. Therefore, gal-3
may be a potential therapeutic target for NPC.
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