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FRMD4A: A potential therapeutic target for the treatment of
tongue squamous cell carcinoma
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Abstract. The aim of the present study was to identify agents
capable of inhibiting the invasion and metastasis of tongue
squamous cell carcinoma and thereby improve the outcomes
of patients suffering from tongue cancer. FRMD4A antibodies
were used to probe 78 paraffin-embedded specimens of tongue
squamous cell carcinoma and 15 normal tongue tissues, which
served as controls. Immunohistochemical methods were
then used for analysis. Clinical pathological parameters were
obtained, and the association between FRMD4A expression
in the samples and the pathological parameters was analyzed.
The human tongue cancer cell line CAL27 was used to study
the effects of FRMD4A. CAL27 cells were transfected with
small-interfering RNA against FRMD4A (FRMD4A-siRNA)
and the mRNA and protein levels of FMRD4A were then
evaluated by RT-qPCR and western blot analysis, respectively.
The proliferation and cell-cycle assays of CAL27 cells were
evaluated using the CCK8 method and flow cytometry. The
invasion and migration of the cells were measured using a
Matrigel invasion chamber and a scratch assay, respectively.
The results showed FRMD4A overexpression in tongue
squamous cell carcinoma, and the positive reaction was
predominately located in the cytoplasm. Tumor clinical stage
and lymph node metastasis showed a statistically significant
correlation with FRMDA4A expression. Transient silencing of
the FRMDA4A gene for 24 and 48 h significantly decreased
the mRNA and protein expression of FRMD4A, respctively.
Silencing FRMD4A gene reduced the proliferation of CAL27
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cells and led to cell cycle arrest in the G1 phase, as well as
significantly suppressing the migration and invasion capacity
of CAL27 cells. The findings of the present study suggest
that FRMDA4A expression correlates with the development of
tongue squamous cell carcinoma. For this reason, FRMD4A
merits further study as it may be suitable for use as a thera-
peutic agent in antitumor treatment regimens.

Introduction

Oral squamous cell carcinoma (OSCC) contributes to 90%
of oral malignant tumors (1,2). Most cases of OSCC are
treated through surgery or radiation therapy, with or without
concomitant chemotherapy. The overall five-year survival rate
remains <50% even though there have been great advances
in surgical techniques and general patient care (3,4). The
presence of cervical lymph node metastasis causes the high
mortality of OSCC. For this reason, many studies have been
devised to identify the molecular markers capable of inhibiting
tumor invasion and metastasis in order to improve treatment
outcomes for patients suffering from OSCC.

FERM domain containing 4A (FRMD4A) belongs to the
FERM superfamily of proteins, which are ubiquitous compo-
nents of the cytocortex and are involved in cell transport,
cell structure and signaling functions. Proteins in the FERM
family have been shown to participate in many cellular events,
including tumor progression and metastasis. These proteins act
as regulators or scaffolding units and they are involved in the
functions of many membrane-associated factors (5,6). Head and
neck carcinomas are particularly affected by FRMD4A protein
activity. Head and neck squamous cell carcinomas are associ-
ated with a poor prognosis when there is high expression of
FRMD4A protein, and FRMD4A has been shown to promote
the growth of cancer cells in these types of carcinomas (7).

Previous studies have indicated that FRMD4A may play
a crucial role in tongue squamous cell carcinoma. In the
present study, the association between FRMD4A expression
and clinicopathological parameters was analyzed through
immunohistochemistry. The effects of FRMD4A on cell
invasion and migration were examined in a tongue cancer
cell line transfected with small-interfering RNA against
FRMDA4A (FRMD4A-siRNA). The effects of FRMD4A in
tongue squamous cell carcinoma were also explored.
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Materials and methods

Ethics statement. Signed informed consent was obtained from
all participants prior to participation in the study. The results of
the study were collected anonymously. The study was approved
by the Human Ethics Committee of Guangdong Provincial
Stomatological Hospital (Guangzhou, China). The use of
participants' thumbprints was also approved by this committee.

Participants. This investigation was designed as a retro-
spective study. All participants underwent surgery at the
Department of Oral and Maxillofacial Surgery of the
Guangdong Provincial Stomatological Hospital between
2012 and 2013. For these patients, we also had access to
clinical follow-up data as well as tissue specimens which
were obtained from the local pathology repository. All
of the tumors were reclassified using hematoxylin and
eosin (H&E)-stained slides. Standard diagnostic criteria
was used by a pathologist in order to reassess tumor grade
and histological type. The clinical data were obtained by
contacting the physicians in charge and reviewing the charts.
The histological classification of tumors was based on the
WHO classification system.

Immunohistochemistry. FRMD4A expression was deter-
mined by immunohistochemichal analysis using a goat
polyclonal antibody to detect the recombinant human
FRMDA4A at a dilution of 1:100 (Abcam, Cambridge, MA,
USA). Seventy-eight tongue cancer samples with various
levels of FRMDA4A expression served as positive and nega-
tive controls. Moreover, 15 samples of normal tongue tissue
were collected from patients undergoing tongue surgery at
Guangdong Provincial Stomatological Hospital. Additionally
15 samples of tongue tissue with leukoplakia were collected.
Two observers examined the expression of FRMD4A antigen
independently in blinded fashion. Inconsistent cases were
reexamined using a double-headed microscope (DM 2500;
Leica, Mannheim, Germany) until the observers agreed.
FRMDA4A expression was defined as the presence of particular
staining of the tumor cell surface membranes. By calculating
a total immunostaining score as the result of a proportion
score and intensity score, each tissue sample was examined
for the expression of FRMD4A. The estimated fraction
of positive-stained tumor cells was defined as the propor-
tion score (0, none; 1, 10%; 2, 1-50%; 3, 1-80%; 4, >80%),
whereas the estimated staining intensity was demonstrated
as the intensity score (0, no staining; 1, weak; 2, moderate;
3, strong) with the aggregate score ranging from 0O to 12.
Overexpression of FRMD4A was defined as an aggregate
score of >4 as described previously (8).

Culture of cells and siRNA transfection. The human tongue
cancer cell line CAL27 was obtained from the Shanghai Ninth
People's Hospital (Shanghai, China) and cultivated in
Dulbecco's modified Eagle's medium (DMEM) (Invitrogen,
Carlsbad, CA, USA) supplemented with 100 U/ml penicillin
and the same dose of streptomycin (Gibco, Grand Island, NY,
USA) and 10% (v/v) fetal bovine serum (HyClone, Logan, UT,
USA). The cells were then incubated in an incubator with
5% CO, at a temperature of 37°C. GenePharma Co., Ltd.
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(Shanghai, China) provided the FRMD4A-siRNA
(5'-GCCAUUCAGUCCCAGAUUATT-3") and control-siRNA
(5'-UUCUCCGAACGUGUCACGUTT-3"). Lipofectamine
RNAiIMAX reagent (Invitrogen) was used for transient
transfection, according to the manufacturer's instructions.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). TRIzol reagent
(Invitrogen) was used to isolate the total RNA, according to
the manufacturer's instructions. Template cDNA was
synthesized from whole RNA (1 ug) with a Quantscript RT kit
(Tiangen, Beijing, China) using random primers and a
ribonuclease inhibitor. cDNA (1 ul from the sample) was
integrated with 19 ul of the master reaction mix. The 40 cycles
of RT-qPCR included denaturation at 95°C for 15 sec,
annealing at 60°C for 32 sec and extension at 60°C for 1 min.
A Real Master Mix kit (SYBR-Green) and 7500 Real-Time
PCR system were used (both from Applied Biosystems, Foster
City, CA, USA). The following primer sequences were used in
the reaction: FRMDA4A sense, 5'-CCATTCTGGATGGGTC
TGA and antisense, 5" AGGGAGGAATCCAGGAAACA;
GAPDH sense, 5-GGGAAACTGTGGCGTGAT and
antisense, 5'-GAGTGGGTGTCGCTGTTGA. Each
experiment was performed three times.

Western blot analysis. Cells were harvested after 48 h of
treatment with FRMD4A-siRNA and NC-siRNA. Standard
procedures for western blot analysis were used. Briefly,
CAL27 cells were washed with ice-cold phosphate-buffered
saline (PBS), scraped and then homogenized in RIPA buffer.
Centrifugation was used to remove the cell debris and the
supernatant was quickly frozen. A standard bicinchonic
acid (BCA) method was performed to quantify the proteins
in the supernatants. A 15% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) procedure was used to
separate the proteins, which were then transferred to a PVDF
membrane. The membrane was blocked with 5% bovine serum
albumin (BSA), according to the manufacturer's instructions,
for 2 h. The membrane was then incubated with special anti-
bodies that had been designed to detect the selected proteins
[FRMD4A(G-18), sc-242858; Santa Cruz Biotechnology,
Santa Cruz, CA, USA]. A LAS3000® Luminescent image
analyzer was used for visualization and Multi Gauge V3.0
software (Fujifilm, Tokyo, Japan) was used to evaluate protein
expression.

Cell proliferation assay. Cell proliferation was detected using
the cell counting kit 8 (CCK-8; Dojindo, Kumamoto, Japan)
method according to the manufacturer's instructions. Cells were
seeded (1x10* cells/ml) on 96-well plates and cultured in 5% CO,
at 37°C for 24 h. Transfection was performed when the cells were
30-50% confluent. Following transfection, 10 ul/well of CCKS8
was added to the cells and reacted for 4 h. Then, a microplate
reader (Bio-Rad, Hercules, CA, USA) was used to calculate the
cell proliferative capability by quantifying the light absorbance
at 450 nm. Measurements were performed in triplicate.

Cell cycle assay. Propidium iodide (PI) staining and flow cytom-
etry were used to analyze the cell cycles. Approximately 5x10°
cells were obtained for each group after being harvested for 24 h
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after transfection. The cells were washed twice with cold PBS
and then resuspended in 70% pre-cooled ethanol. They were then
fixed overnight at 4°C. The fixed cells were washed with PBS
and then incubated with RNase A and PI in succession at 37°C
for 30 min. Fluorescence-activated cell sorting (FACS) analysis
was performed and each experiment was performed three times.

Scratch wound-healing assay. A scratch wound-healing assay
was performed in order to detect cell migration. Cancer cells
were seeded on 24-well plates. The bottom of the well was
scratched with the fine end of a pipette tip. The plates were
washed twice with PBS in order to remove the detached cells.
The remaining adherent cells were then cultured in complete
growth medium. After 48 h, a bright-field microscope (BX41;
Olympus, Tokyo, Japan) was used to evaluate the extent
of space filling by cell migration. The experiments were
performed in triplicate.

Matrigel invasion assay. The Corning Matrigel Invasion
Chamber technique (Corning, Inc., Acton, MA, USA) was
performed for the cell invasion experiment. Cancer cells were
collected after 48 h of transfection. Homogeneous single cell
suspensions in the serum-free DMEM were added to the upper
chamber at a density of 5x10* cells/well. Cells were allowed
to invade for 24 h at 37°C in an incubator. The non-invading
cells on the upper side of the polyethylene terephthalate (PET)
membrane (BD Biosciences, Franklin Lakes, NJ, USA) were
removed using cotton swabs. The membrane containing the
invading cells was stained with H&E (Yeasen, Shanghai,
China) and fixed with methanol. The numbers of invading
cells were detected by light microscopy (BX53M; Olympus).

Statistical analysis. The Statistical Package for the Social
Sciences (SPSS) software version 13.0 (SPSS Inc., Chicago,
IL, USA) was used to perform statistical analysis. Correlations
between FRMD4A expression and clinicopathological vari-
ables were analyzed with a y*-test. Either a one-way ANOVA
or an independent samples test was used to analyze the differ-
ences between groups. A P-value <0.05 was considered to
indicate a statistically significant difference.

Results

Immunohistochemistry. The results of immunohistochemical
analysis showed that positive reactions to FRMD4A protein
were mainly located in the cytoplasm, and appeared brownish,
yellow and granular (Fig. 1). Staining was present mainly
in the basal layer and as the degree of tumor malignancy
increased, it tended to spread to the stratum spinosum. There
was significantly more FRMD4A protein expression in the
tongue squamous cancer tissues (50/78, 64.1%) than in the
leukoplakia group (5/15, 33.3%) and that of the normal tissue
group (2/15, 13.3%) (data not shown). However, the difference
between leukoplakia group and the adjacent normal tissue
group was not statistically significant.

Clinicopathological features. The association between
clinicopathological variables and FRMD4A overexpression
is demonstrated in Table I. y*-testing showed that there was
a significant association between FRMD4A overexpression
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Table I. Clinicopathological variables and FRMDA4A expres-
sion in OSCC.

FRMD4A
Characteristics Patients Overexpression % > P-value
Gender
Male 40 27 675 0412 0.521
Female 38 23 60.5
Age
<55 36 21 583 0967 0.325
=55 42 29 69.0
Grading
I 20 11 550 1.140 0.565
II 47 31 66.0
I 11 8 72.7
Lymph node
metastasis
Yes 35 28 800 6973 0.008
No 43 22 512
Clinical stage
I+II 31 14 452 8.021 0.005
M+1vV 47 36 76.6

OSCC, oral squamous cell carcinoma; FRMD4A, FERM domain containing 4A.

and the presence of lymph node metastases (P=0.008) as
well as the clinical stage (P=0.005). There was no association
between FRMD4A overexpression and gender, age or histo-
logic grading.

Silencing FRMDA4A inhibits the mRNA and protein expression
of FRMDA4A in CAL27 cells. In this experiment, siRNA was
used to silence FRMD4A in CAL27 cells. Significant inhibi-
tion of FRMD4A in the experimental group was detected 24
and 48 h after transient transfection in the mRNA (P, ,,=0.02)
and protein (Pc,;,,=0.03) levels, respectively. However, there
was no significant difference between the untreated group and
the control group (Fig. 2).

Silencing FRMD4A reduces the proliferation of CAL27 cells.
After addition of CCKS, cell proliferation was checked at 24,
48 and 72 h. As shown in Fig. 3, compared with the control
group at 24 and 48 h, the proliferation of CAL27 cells mark-
edly decreases following transfection with FRMD4A-siRNA.
However, at 72 h after transfection, with the weakening effect
of RNA interference, the differences between the experimental
group and the control groups were not significant.

Silencing FRMD4A leads to cell cycle arrest in CAL27
cells in vitro. FACS analysis revealed that a higher percentage
of the cell population was residing in the G1 phase after
transfection with FRMD4A-siRNA, indicating that cell cycle
progression from the G1 phase to the G2+S phase was impeded
by FRMDA4A (Fig. 4). In other words, CAL27 cell proliferation
was inhibited.
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Figure 1. Immunohistochemical staining of FERM domain containing 4A (FRMD4A) expression in oral squamous cell carcinoma (OSCC). Original magnifi-
cation, x400. Representative images of (A) well-differentiated (score 2), (B) moderately differentiated (score 6), (C) poorly differentiated (score 12), (D) lymph
node metastasis (score 9), (E) leukoplakia (score 3) and (F) normal tongue tissues (score 0). The estimated fraction of positive-stained tumor cells was defined
as the proportion score (0, none; 1, 10%; 2, 1-50%; 3, 1-80%; 4, >80%), whereas the estimated staining intensity was demonstrated as the intensity score (0, no
staining; 1, weak; 2, moderate; 3, strong) with the aggregate score ranging from 0 to 12. Overexpression of FRMD4A was defined as an aggregate score of >4.
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Figure 2. Comparison of the mRNA and protein levels of FERM domain containing 4A (FRMD4A) in CAL27 cells. The expression of FRMDA4A was clearly
inhibited by silencing FRMDA4A. (A) Quantitative analysis of the mRNA levels of FRMDA4A evaluated by RT-qPCR after 24 h. (B) Representative western
blot and quantitative anlysis of protein expression of FRMDA4A evaluated after 48 h.
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Figure 3. Analysis of CAL27 cell proliferation. At 24 and 48 h after transfec-
tion with FERM domain containing 4A (FRMD4A)-siRNA, cell proliferation
was found to be inhibited in the experimental group.

Silencing FRMD4A decreases migration and invasion of
CAL27 cells. The migration capacity of FRMD4A-siRNA
transfected cells was lower than in the other control
group (Fig. 5). FRMD4A-silenced CAL27s cells required
more time for space closure than the control cells. The inva-
sion capacity of CAL27 cells (P¢4;,,=0.01) was reduced by
FRMDA4A siRNA treatment. Fewer FRMD4A-siRNA-treated
cells migrated on the PET membrane than in the control
groups (Fig. 6). The results suggest that FRMD4A modulates
the migration and invasion of CAL27 cells in vitro.

Discussion
The recently discovered FRMD4A gene belongs to the

FERM superfamily of proteins and it is located on human
chromosome 10p13. The FERM family of proteins link
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Figure 4. Effect of silencing FERM domain containing 4A (FRMD4A) on the cell cycle in CAL27 cells. Fluorescence-activated cell sorting (FACS) analysis
revealed that there was a significantly higher percentage of cells in the G1 phase in the experimental group transfected with FRMD4A-siRNA (C) than in the
control groups which were either (A) untreated or (B) transfected with control-siRNA. (D) The results of FACS analysis are presented in a bar chart.
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Figure 5. Analysis of cell migration. The findings of the scratch wound healing assay indicated that in the experimental group, cell migration was significantly
reduced after FERM domain containing 4A (FRMD4A)-siRNA transfection. Original magnification, x100: (A) Untreated group, (B) control group, (C) experi-
mental group. (D) Quantitative analysis of migrating cell numbers.
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Figure 6. Analysis of cell invasion. The invasion capacity of CAL27 cells decreased in the cells transfected with FERM domain containing 4A (FRMD4A)-
siRNA when compared with the control groups. Original magnification, x100: (A) Untreated group, (B) control group and (C) experimental group.

(D) Quantitative analysis of the number of invading cells.

transmembrane proteins to the cytoskeleton or link kinase
and phosphatase enzymatic activity to the plasma membrane.
FRMDA4A proteins are also involved in interactions between
the cell and the extracellular matrix, cell-cell communication,
apoptosis, carcinogenesis and metastasis (8-11). FRMD4A
was validated in a genome-wide association study in Asian
populations as a gene associated with nicotine dependence
in offspring and these findings were confirmed in another
study (12,13). The latest literature indicates that the FRMD4A
gene may interact with Arf6 and the Par complex to regulate
epithelial polarity (14).

In the present study, the results of immunohistochemical
experiments indicated that the expression of FRMD4A
protein in tongue squamous cell carcinoma was greater than
that in leukoplakia or normal tissue. Positive expression was
observed primarily in the cytoplasm of basal cells, and as the
degree of tissue malignancy increased, it tended to spread
to the spinous layer. With increases in the TNM stage and
the occurrence of lymph node metastasis, the expression of
FRMDA4A protein level also increased, and the difference
was statistically significant. However, FRMD4A expression
was not associated with tumor differentiation, gender or age.
Leukoplakia is a precancerous lesion (15). In this study, the
expression of FRMDA4A protein in leukoplakia was increased
and the phenomenon of spreading to the spinous layer reflects
the proliferative and regenerative capacity of the cells to some

extent. For this reason, it is concluded that FRMDA4A protein
expression may be associated with the development of squa-
mous cell carcinoma in the tongue. In addition, lymph node
metastasis and TNM staging have been previously identified
as important prognostic risk factors in patients with tongue
squamous cell carcinoma (16,17). Taken together, these find-
ings suggest that FRMD4A expression is closely associated
with lymph node metastasis and TNM stage, and may be
indicative of a poor prognosis in patients with squamous cell
carcinoma of the tongue.

When the in-depth study of tumors reached the gene level, it
became feasible to identify gene targets that predict and block
the proliferation and metastasis of tongue cancer and thus,
reduce the mortality of patients with tongue cancer and prolong
their survival. Reductions in FERM domain-containing
protein activity have been studied. siRNA has been found to
silence the expression of FAK and thus, to weaken the ability of
AU-565 breast cancer cells (18) to migrate. The JAK inhibitor
CP690 may overcome the common side effects of immuno-
suppressive therapy (19). RNA interference is an endogenous
gene silencing mechanism. It is mediated by double stranded
RNA, and it specifically inhibits the expression of homolo-
gous genes, ultimately resulting in gene silencing (20). It is
highly efficient, stable and specific, and for these reasons, it
has become a focus in the field of biomedical research. In
this study, the FRMD4A-siRNA plasmid was transfected into
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human tongue carcinoma CAL27 cells using the liposome
method, and then FMRD4A expression was evaluated using
RT-qPCR and western blot analysis. The results showed that
FRMD4A-siRNA successfully inhibited the expression of
FRMD4A in CAL27 cells and that the inhibition rates were
94% for mRNA and 71.6% for protein.

The capacity to proliferate and to be invasive are biological
characteristics of malignant tumor cells, and are also the
major cause of a poor prognosis in patients (21). The results
of the CCK-8 assay demonstrated that cell proliferation in the
FRMD4A-siRNA group was significantly lower than that of
the control groups. The Gl1 phase is the main control point of
cell proliferation (22). FACS analysis revealed that the relative
number of cells in the G1 phase was significantly higher in
the FRMD4A-siRNA group than in the other groups. This
suggested that G1 arrest had occurred, and that the cell cycle
had slowed down. The results of the scratch wound-healing
assay demonstrated that after 48 h, the speed with which
cells in the untreated group and the control-siRNA group
moved to the edge of the scratch accelerated and the scratch
width narrowed significantly. These two groups of cells filled
the scratch area whereas the cells in the FRMD4A-siRNA
group migrated more slowly. Transwell experiments showed
there to be significantly fewer transmembrane cells in the
FRMD4A-siRNA group than in the control-siRNA group.
This indicated that silencing the gene expression of FRMD4A
decreased the invasion and migration ability of CAL27
cells in vitro.

In future experiments, the research group will study the
signal pathway in which FRMD4A may be involved in order
to ascertain whether FRMD4A-siRNA interferes with CAL27
through direct intervention or by other means.

In conclusion, these results demonstrated that overexpres-
sion of FRMDA4A occurs frequently in the process of oral
carcinogenesis and that it may be closely associated with
the progression of OSCCs. Silencing of the FRMD4A gene
in CAL27 cells inhibited cell proliferation, led to cell cycle
arrest in the G1 phase and reduced the migration and invasion
capacity of CAL27 cells in vitro. Taken together, these results
support the conclusion that FRMD4A may serve as a target for
therapy of tongue squamous cell carcinoma.
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