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FNDC3B promotes epithelial-mesenchymal transition in tongue
squamous cell carcinoma cells in a hypoxic microenvironment
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Abstract. The primary reasons for the treatment failure of
patients with oral tongue squamous cell carcinoma (OTSCC) are
metastasis and tumor recurrence. Identifying the exact mecha-
nisms underlying metastasis is a key point in improving patient
prognosis. It has been reported that a hypoxic microenvironment
plays an important role during the metastasis of malignancies.
We found that the expression of fibronectin type III domain
containing 3B (FNDC3B) is positively correlated with lymph
node metastasis and advanced cTNM stage of OTSCC by IHC
assay and correlation analysis. Furthermore, we found that
knockdown of FNDC3B could suppress the migratory and inva-
sive abilities of OTSCC cells. In addition, treating OTSCC cells
with CoCl, (a hypoxia mimetic agent) upregulated the mRNA
and protein expression of FNDC3B via HIF-1a. Moreover, the
resultant increase in FNDC3B expression significantly induced
epithelial-mesenchymal transition (EMT) in OTSCC cells. The
present study elucidated the important role played by FNDC3B
in OTSCC metastasis and indicates FNDC3B as a potential
target for the treatment of OTSCC metastasis. However, many
questions remain to be explored.

Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts
for 90% of all head and neck cancers, and is the sixth most
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common malignancy worldwide (1). Despite improved locore-
gional control and more effective therapeutic strategies for
HNSCC, the 5-year survival rate for HNSCC patients remains
50-60%. Lymph node metastasis is one of the major reasons
associated with the poor prognosis of patients with HNSCC (2).
It is reported that the lymph node metastasis rate of oral
tongue squamous cell carcinoma (OTSCC) is nearly 50%, and
lymph node metastasis is the primary factor influencing prog-
nosis (3-5). Thus, understanding the mechanisms that underlie
the metastasis of OTSCC is urgently needed to improve thera-
peutic strategies and ultimately patient prognosis.

In the present study, we investigated the mechanisms
underlying the lymph node metastasis of OTSCC. FNDC3B
(fibronectin type III domain containing 3B), also named
FADI104, was found to be upregulated in tongue cancer
through a web-based bioinformatic meta-analysis (Oncomine).
FNDC3B is known to be a member of the FNDC3 family
(including FNDC3A, FNDC3B and FNDC3C). FNDC3B has
a proline-rich region, nine fibronectin type III domains and a
transmembrane region (6,7). The fibronectin type III (FNIII)
domains act as a scoffold and can integrate with different
proteins, which plays an important role in cell adhesion and
growth signaling (8). Initially, FNDC3B was identified as a
known regulator of adipocyte and osteoblast differentiation,
and FNDC3B-deficient mice died at birth due to lung abnor-
malities (9). Moreover, analyses using mouse embryonic
fibroblasts (MEFs) revealed that loss of FNDC3B suppressed
cell adhesion, migration and proliferation (10). These results
suggest that FNDC3B has important roles in cell adhesion,
migration and proliferation, which raised the question as to
whether FNDC3B regulates the invasion and metastasis of
cancer cells and promoted us to investigate its role in the
metastasis of cancer cells. Previous studies have demonstrated
that expression of FNDC3B protein was upregulated in a series
of human tumors, including breast carcinoma (11), esophageal
carcinoma (12), glioblastoma (13,14) and hepatocellular carci-
noma (11,15). Moreover, FNDC3B has also been confirmed to
serve as an oncogene and play a significant role in the regula-
tion of the motility and invasion of glioma and hepatocellular
carcinoma cells. However, there is little research concerning
its biological functions, particularly in the metastasis of tongue
squamous cell carcinoma.
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A hypoxic enviroment plays an important role in the
metastasis of cancer cells (16). The induction of hypoxia-
inducible factor (HIF)-1 is the best-characterized transcription
factor that is responsive to hypoxia (17). HIF-1 is composed
of aff heterodimers; expression of the a-subunit is tightly
regulated by oxygen, whereas the (3-subunit is constitutively
expressed (18). Numerous studies have shown that HIF-1a
overexpression is frequently observed in human cancers and
is associated with metastasis of several types of solid types
of carcinoma, including breast carcinoma, chondrosarcoma,
colorectal adenocarcinoma and head and neck cancer (19-21).

In the present study, we demonstrated that FNDC3B
expression is positively correlated with lymph node metastasis
and clinical tumor-node-metastasis (CINM) stage in OTSCC
patients. Furthermore, we demonstrated that cobalt chloride
(CoCl,, a hypoxia mimetic agent) promoted FNDC3B expres-
sion, and then induced EMT in OTSCC cells, ultimately
promoting their migratory and invasive abilities. This study
elucidated the important role played by FNDC3B in OTSCC
metastasis and the identification of possible drug targets.

Materials and methods

Patients and clinical tissue specimens. The present study
was approved by the Ethics Committee of the Kunming
Medical University. All patients provided written informed
consent in order to participate in the study. A total of 116
paraffin-embedded OTSCC samples, which were consecu-
tively pathologically diagnosed between January 2004 and
January 2014 at the First Affiliated Hospital of Kunming
Medical University, were collected for immunohistochemical
(IHC) analysis. These samples were obtained from 56 men
and 60 women, with a mean age of 55 years (ranging from
35 to 86 years). All patients were followed up until July 2016.
¢T'NM stages were assessed according to the TNM classifica-
tion of the American Joint Committee on Cancer (AJCC) (22).
Correlations between FNDC3B expression levels and clinical
features in the patient cohort are shown in Table I.

Silico gene expression studies. We used the Oncomine data-
base (Compendia Bioscience; http:/www.oncomine.org) to
identify upregulated genes in tongue carcinoma on April 23,
2017 and performed a microarray meta-analysis to compare all
genes across 5 different datasets (23-27) that were identified
by the following parameters: ‘mRNA’, ‘tongue carcinoma’ and
‘cancer vs. normal analysis’. To compare FNDC3B expression
between cancer and normal tissues, FNDC3B expression fold
changes were limited to P<0.05.

Immunohistochemical assay (IHC). Paraffin-embedded
OTSCC tissue specimens were cut into 3-um-thick sections
and incubated at 60°C for 2 h. All sections were deparaf-
finized with xylene and rehydrated with a gradient of
ethanol to distilled water. After soaking with 3% H,0O, for
15 min to block endogenous peroxidase, the sections were
microwaved in sodium citrate buffer (pH 8.0) for antigen
retrieval. Then, incubation was carried out with a rabbit
anti-FNDC3B antibody (Proteintech Group, Rosemont, IL,
USA) overnight at 4°C (dilution of 1:200). The slides were
washed with phosphate-buffered saline (PBS) three times and
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incubated with anti-rabbit secondary antibody for 50 min at
37°C. Diaminobenzidine (DAB; Zhongshan Biological and
Technical Co., Beijing, China) was used as a colorimetric
reagent for protein detection. Normal goat serum was used
as a negative control. Semi-quantitative expression levels
were measured by assessing the intensities and percentages
of the stained cancer cells. The percentage of positive cancer
cells was divided into four levels: 0 (0-25%), 1 (6-50%), 2
(51-75%) and 3 (76-100%). Staining intensity was divided into
four grades: O (no staining), 1 (yellow), 2 (deep yellow) and
3 (brown). Scoring of both parameters was calculated after
counting at least 4 fields. The overall score was the addition
of the positive cell percentage and the staining intensity.
Each specimen was classified into 1 of 2 groups according to
overall scores: scores of 0-3 points were classified as negative
or low expression, and scores >3 points were classified as high
expression for FNDC3B. All specimens were independently
assessed by two pathologists who were blindly to the patient
identity and clinical outcome.

Cell lines and cell culture. The tongue squamous cell
carcinoma (TCAS8113, TSCCA and CAL27) cell lines were
purchased from the American Type Culture Collection (ATCC;
Manassas, VA, USA). The human normal epithelial carcinoma
cell line NTEC was a gift from Musheng Zeng (Sun Yat-sen
University Cancer Center, Guangzhou, China). All cells were
cultured in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), streptomycin (100 U/ml) and penicillin (100 U/ml)
in a humidified 5% CO, incubator at 37°C.

Antibodies and reagents. Mouse anti-E-cadherin and anti-
vimentin antibodies were obtained from BD Technologies
(La Jolla, CA, USA). DMOG was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibody against
B-catenin was purchased from Cell Signaling Technology
(Beverly, MA, USA). Rabbit anti-HIF-lo antibody was
purchased from Abcam (Cambridge, MA, USA), and mouse
anti-f-actin antibody and anti-GAPDH were obtained from
Proteintech Group (Chicago, IL, USA). Goat anti-rabbit and
anti-mouse goat peroxidase-conjugated secondary antibodies
were purchased from Pierce Biotechnology (Rockford, IL,
USA). All other reagents were obtained from Sigma-Aldrich
(St. Louis, MO, USA).

Generation of target-specific silenced cells. Retrovirus parti-
cles were produced in 293FT cells by transfection of
pSuper-Retro-Puro plasmid harboring specific sShRNA. The
shRNAs were determined by Invitrogen's siRNA design tool
(Invitrogen, Carlsbad, CA, USA). The target sequences were
as follows: FNDC3B shRNA#1: 5-GCAGGTTATTCTCG
TTCAA-3"; FNDC3B shRNA#2: 5-GCTTACTACCCACCT
GTTA-3"; FNDC3B shRNA#3: 5-GCAGCTGCACAACA
GTATA-3'. A standard calcium phosphate co-transfection was
performed with a PIK packaging plasmid in the 293FT cells.
The supernatant was collected and filtered using 0.45-ym
filters. The target cells were incubated with 2 pg/ml Polybrene
(Sigma-Aldrich). Twenty-four hours after infection, the cells
were incubated with 1 yg/ml puromycin for 3 days for selec-
tion of positive cells.
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Table I. Correlation between FNDC3B expression and clinico-
pathological features of the patients with OTSCC.

FNDC3B
Characteristics Low High ¥ P-value
Sex 0.534 0577
Male 29 27
Female 27 33
Age (years) 0.011 1.000
<50 20 22
=50 36 38
Clinical T phase 4388 0.045
T1-2 51 46
T3-4 5 14
Clinical N phase 5712 0.022
NO 41 31
NI1+2 15 29
Histological differentiation 0.267  0.709
I 30 35
1I-111 26 25
c¢TNM stage 4342 0.042
I-II 36 27
I-1v 20 33

Western blotting. Cells were washed twice with PBS and then
lysed in 1X sodium dodecyl sulfate (SDS) sample buffer. A
total of 25 pg protein was loaded on a 9% SDS-polyacrylamide
gel by electrophoresis, transferred to a polyvinylidene fluoride
(PVDF) membrane at 100 mA for 2 h, blocked with 5% skim
milk for 1 h in room temperature, and then incubated with
the primary antibodies overnight at 4°C. On the folllowing
day, incubation with the secondary antibodies was carried out
at room temperature for 45 min. After washing, bound anti-
bodies were visualized via electrochemiluminescence, which
was captured by XAR film. Scanning and analysis of the
western bloting bands were performed using the Quantity One
program (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Quantitative real-time polymerase chain reaction (real-time
PCR). TRIzol reagent (Invitrogen) was used to extract total
RNA from the cultured cells, and 2 pg of each sample was
reverse-transcribed using M-MLV reverse transcriptase
(Promega, Madison, WI, USA) following the kit instructions.
Real-time PCR was performed with the Fast SYBR-Green
Master Mix (Bio-Rad Laboratories, Inc.). The housekeeping
gene GAPDH was used as an internal control. The PCR
amplifications were performed in a PTC-200 PCR system
(Bio-Rad Laboratories, Inc.) using the following cycle
parameters: 10 min at 95°C, followed by 45 cycles of 10 sec
at 95°C, 10 sec at 55°C, and 20 sec at 72°C, with a final exten-
sion at 72°C for 10 min. The FNDC3B sense primer was
5'-CCACCTGTTACCGGACCTG-3' and the antisense primer
was 5'-GGGTGATGTAGGTTGACATTCC-3". The mRNA
relative expression levels were quantified using the 2-24¢
method.
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Median Rank p-Value Gene
4.0 2.15E-17 MMPL

12.0 8.47E-16 MYO18

15.0 1.62E-9 FNDC3B

16.0 7.29E-9 PLAU

17.0  7.69E-9  LOC100132910
19.0 5.25E-15 RAB31
25.0  2.38E-8 KRT17
26.0  3.656-8 1615
275  3.90E-8 FBX045
28.0 2.39E-13 IFI2Z7
33.0  2.99E-14 cTsC
375  2.45E-7 WOR66
435  8.72E-8 MED10
47.0  6.23E-9 ARPC1B
48.0  6.356-9 CDH3
50.0  7.46E-9 GNAIL
53.0  4.83E-13 PRNP
57.5 4.53E-7 FAMBIA | | ||
60.0  3.02E-12 MYOSA

60.0 1.85E-4

Figure 1. FNDC3B mRNA was found to be significantly upregulated in
tongue carcinoma as shown in the Oncomine database. A microarray meta-
analysis was performed using Oncomine to compare genes across 5 different
datasets (Materials and methods) and FNDC3B was identified as one of the
most frequently upregulated genes in tongue carcinoma tissues. The top 20
overexpressed genes identified by meta-analysis are shown.

Cell invasion and migration assays. After being serum-starva-
tion for 24 h, 4x10* cells were plated into a 24-well Transwell
plate (Corning Costar, Cambridge, MA, USA) with or without
a Matrigel coating (BD Biosciences, Bedford, MA, USA). A
total of 500 pl of RPMI-1640 supplemented with 10% FBS
was placed in the lower chamber. After incubation at 37°C for
12 (migration) or 24 h (invasion), the cells that migrated to the
reverse sides of the inserts were fixed in methanol and stained
with 0.1% crystal violet (Sigma-Aldrich) for 10 min, photo-
graphed and counted (6 random 100x fields per well) under
an inverted microscope (Olympus Corp., Tokyo, Japan). Each
experiment was repeated at least three times.

Statistical analysis. The SPSS statistical package 19.0 (SPSS,
Inc., Chicago, IL, USA) was used to analyze the data. Data
are presented as the means = SEM of values from three
independent experiments. Correlations between FNDC3B
expression and the clinical features of the OTSCC patient
cohort were assessed by the %* test. The Student's t-test was
used for multiple comparisons. P<0.05 was considered statisti-
cally significant. Error bars represent SEM. “P<0.05, “P<0.01,
“P<0.001 were indicative of statistically significant results as
shown in the figures. Each experiment was repeated at least
three times.

Results

Overexpression of FNDC3B in OTSCC samples is related to
the clinicopathological features of the OTSCC patients. To
identify the molecules involved in lymph node metastasis of
human OTSCC, a microarray meta-analysis was performed
to compare all genes across 5 different datasets (including
107 cancer tissues and 87 adjacent normal tissues from OTSCC
patients). The overexpressed genes were ranked by median
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Figure 2. FNDC3B expression in paraffin-embedded OTSCC specimens. (A) High expression, (B) low expression, (C) negative expression of FNDC3B protein

in OTSCC tissues. Original magnification, x40.
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Figure 3. OTSCC cell lines exhibit increased FNDC3B expression. (A) Protein and (B) mRNA expression levels of FNDC3B were significantly higher in
OTSCC cell lines (TCA8113, TSCCA and CAL27) than these levels noted in the normal tongue epithelial carcinoma cell line (NTEC), as measured by western
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Figure 4. After knockdown of FNDC3B, the protein and mRNA levels of FNDC3B in (A) TCA8113 and (B) TSCCA cells were significantly decreased, as
measured by western blotting and real-time PCR, respectively. "P<0.05, “P<0.01, ““P<0.001 compared with the NC-transfected cells.

ranked analyses, and FNDC3B was identified as one of the
most frequently upregulated genes in OTSCC tissues compared
to adjacent tissues (Fig. 1). Therefore, we further evaluated the
roles of FNDC3B in OTSCC progression in the present study.
To assess the clinical significance of FNDC3B in OTSCC
samples, we examined FNDC3B expression in 116 paraffin-
embedded OTSCC samples by immunohistochemistry. As
a result, 56 cases (48.3%) showed negative/low FNDC3B

expression, and 60 (51.7%) cases showed high FNDC3B expres-
sion (Fig. 2). In the correlation analysis, positive FNDC3B
expression was associated with lymph node metastasis and
advanced cTNM stage (Table I).

OTSCC cell lines exhibit increased FNDC3B expression.
Real-time PCR and western blotting were conducted to
compare FNDC3B expression in OTSCC cell lines (TCA8113,
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Figure 5. After knockdown of FNDC3B, the invasive and migratory abili-
ties of (A) TCA8113 and (B) TSCCA cells were significantly decreased, as
assessed by Transwell assay. "P<0.05, “P<0.01, ““P<0.001 compared to the
NC-transfected cells. Photomicrographs are at x100 magnification.

TSCCA and CAL27) and a normal tongue epithelial cell line
(NTEC). Western blotting revealed higher FNDC3B protein
expression in the OTSCC cell lines compared with the NTEC
cells (Fig. 3A). Similar result was found for FNDC3B mRNA
expression based on real-time PCR (Fig. 3B). Thus, our data
indicated that FNDC3B mRNA and protein expression were
significantly increased in the OTSCC cell lines.

FNDC3B is closely associated with the invasive and
migratory abilities of OTSCC cells. To clarify the role of
FNDC3B in OTSCC cell invasion and migration, we gener-
ated TCASI113 cells with stably knocked down FNDC3B
expression using retroviral vectors (FNDC3B-KD#1, KD#2
and KD#3), and scrambled shRNA was used as a negative
control (NC). Real-time PCR and western blotting were
performed to assess the FNDC3B knockdown efficiency. As
shown in Fig. 4, FNDC3B mRNA and protein levels were
significantly lower in FNDC3B-KD cells than NC cells,
confirming the knockdown efficiency of FNDC3B in these
cells. Invasion and migration assay results revealed that
knockdown of FNDC3B markedly reduced the invasive and
migratory abilities of TCA8113 and TSCCA cells (Fig. 5).
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Figure 6. CoCl, induces FNDC3B expression. (A) Protein expression and
relative mRNA levels of FNDC3B in (B) TCAS8113 and (C) TSCCA cells
induced by 0.1 mM CoCl, at the indicated times, as measured by real-time
PCR and western blotting. (D) Protein expression of FNDC3B in TCAS8113
cells induced by 1 mM DMOG. "P<0.05, *"P<0.01, ““P<0.001 compared to
the relevant control.
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Figure 7. CoCl, promotes EMT via inducing FNDC3B expression.
(A) Western blotting of TCAS8113 cells after treatment with 0.1 mM CoCl,
for 12 h using the indicated antibodies. (B) Western blotting of FNDC3B in
shRNA- or NC-transfected TCA8113 cells using the indicated antibodies.
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Taken together, these results suggest that FNDC3B promotes
OTSCC cell invasion and migration.

Hypoxia promotes FNDC3B expression in OTSCC cells via
HIF-]la. Hypoxia microenvironment plays an important role
during the metastasis of malignancies. To identify the relation-
ship between hypoxia and FNDC3B, we treated OTSCC cells
with 0.1 mM CoCl, (a hypoxia mimetic) to simulate chemical
hypoxia. Treatment with CoCl, significantly increased
FNDC3B mRNA and protein production in a time-dependent
manner (Fig. 6A-C). Further evidence in support of the
involvement of HIF-1a in the hypoxic induction of FNDC3B
mRNA was provided by experiments conducted in the pres-
ence of dimethyloxallyl glycine (DMOG, 1 mM), which blocks
degradation of HIF-1a and promotes normoxic accumulation
of HIF-1a (Fig. 6D). Levels of FNDC3B mRNA increased
by 3- to 4-fold in cells treated with DMOG in normal oxygen
condition, relative to the untreated cells. These findings suggest
that hypoxia promotes FNDC3B expression in OTSCC cells
via HIF-1a induction.

FNDC3B promotes EMT in a hypoxic environment. Hypoxia
can promote EMT in many cancer cell types via HIF-1a
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induction. Thus, we investigated the role of FNDC3B in
HIF-1a-induced EMT. We treated TCAS8113 cells with CoCl,
(0.1 mM). We found that CoCl, upregulated HIF-1a expres-
sion in OTSCC cells, meanwhile it significantly decreased
E-cadherin expression and increased vimentin and 3-catenin
expression compared with the NC cells (Fig. 7A). On the other
hand, we found that cells with FNDC3B knockdown exhibited
significantly increased E-cadherin expression and decreased
vimentin expression (Fig. 7B). These results demonstrated that
FNDC3B plays an important role in the process of hypoxia-
induced EMT in TCAS8113 cells.

Discussion

Metastasis and replase are the main reasons of treatment
failure for the patients with oral tongue squamous cell carci-
noma (OTSCC). Lymph node metastasis is the primary factor
influencing the prognosis (1,5). Despite its clinical importance,
little is known about the genetic and biochemical determinants
of OTSCC metastasis. Thus, clarifying the mechanism of
OTSCC metastasis is of significance in improving prognosis
of OTSCC patients. The present study found that FNDC3B
is overexpression in OTSCC tissues and positive FNDC3B
expression is associated with lymph node metastasis and
clinical cTNM stage.

The process of metastasis is highly complex and occurs
through a series of sequential steps, including tumor cell
detachment from the primary tumor; invasion through the
extracellular matrix, basement membrane and endothelial wall;
entry into the vascular system; secondary site plantation and
growth in a target organ (18,28). However, this process is also
highly inefficient as few cells that migrate from the primary
tumor successfully colonize at distant sites. Nearly 50% of
OTSCC patients have lymph node metastases, indicating that
OTSCC cells have strong invasive and migratory capacities.
For cellular progression, epithelial cancer cells must undergo
increased invasive and migratory abilities during EMT, which
is an essential step for metastatic spreading (19,20). EMT is a
multi-step process where epithelial cells acquire a mesenchymal
phenotype which is characterized by enhanced motility ability,
downregulation of epithelial proteins including E-cadherin,
claudins and a-catenin, and overexpression of mesenchymal
phenotype proteins, such as vimentin, N-cadherin and fibro-
nectin. These changes are activated by transcription factors,
including Twistl, Snail, Slug and (3-catenin (21,29).

Tissue hypoxia is a common microenvironment for solid
tumors with rapid growth (16). The present study showed that
OTSCC cells upregulate FNDC3B expression in a time-depen-
dent manner under conditions that mimic hypoxia (treatment
with CoCl,). During this process, mimicking hypoxia (via
treatment with CoCl,) promotes EMT and enhances invasion
and migration of OTSCC cells. These results indicate that
hypoxic conditions increase FNDC3B expression, subse-
quently induce EMT in OTSCC cells, ultimately improving
their invasive and migratory potentials.

Our data suggest the important role of FNDC3B in
promoting the migratory and invasive abilities of OTSCC
cells and are consistent with the findings of numerous previous
studies (12,13,30). FNDC3B is usually amplified and highly
expressed in esophageal, lung, glioblastoma, hepatocellular
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and breast cancers (11-15). Lin et al (12) found that overex-
pression of FNDC3B facilitated cell migration and tumor
metastasis in hepatocellular carcinoma. Cai et al (30) found
that the 3q amplified oncogene FNDC3B promoted proferira-
tion of hepatocellular carcinoma cells, and activated several
cancer pathways, including PI3-kinase/Akt, Rbl and TGFf
signaling. MicroRNA-129-5p inhibits cell processes including
viability, proliferation, migration and invasiveness of glioblas-
toma cells U87 through targeting FNDC3B (13). In addition,
direct evidence from our in vitro experiments indicates that
FNDC3B promotes cell migration and tumor metastasis via
activation of EMT in OTSCC.

In conclusion, to the best of our knowledge, this is the
first study to show that FNDC3B expression is positively
correlated with the rate of lymph node metastasis and cTNM
stage in patients with OTSCC. The mechanism underlying the
FNDC3B-mediated promotion of metastasis may be related to
hypoxia-induced stimulation of FNDC3B production, which
promotes OTSCC cell migration, invasion and EMT. This
study demonstrated that FNDC3B is a potential therapeutic
target for cancer cell metastasis. However, many related issues,
such as the exact mechanism of the hypoxia-induced overex-
pression of FNDC3B and other signaling pathways that may
be activated in the process of FNCD3B-induced EMT, warrant
further research.
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