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Abstract. — OBJECTIVE: Our purpose was to
detect the molecular mechanism of F-box and
WD repeat domain containing 7 (FBXW?7) in reg-
ulating cell growth and metastasis of oral squa-
mous cell carcinoma (OSCC).

PATIENTS AND METHODS: Real Time-quan-
titative Polymerase Chain Reaction (RT-qPCR)
and Western blot were applied to calculate the
messenger ribonucleic acid (nRNA) and protein
levels of genes and miR-27a. The proliferation
and invasive abilities were measured by meth-
yl thiazolyl tetrazolium (MTT) and transwell as-
says. The. Kaplan-Meier method was conduct-
ed to evaluate the 5-year overall survival of oral
squamous cell carcinoma patients.

RESULTS: FBXW7 was downregulated while
miR-27a was upregulated in OSCC tissues
and cells compared with the corresponding
adjacent tissues. Downregulation of FBXW7
or upregulation of miR-27a in OSCC tissues
predicted poor outcome of OSCC patients.
FBXW?7 suppressed the growth through the
phosphatidylinositol 3-hydroxy kinase/protein
kinase B (PI3BK/AKT) signaling pathway in OS-
CC cell line HSC3. FBXW?7 inhibited the inva-
sion-mediated epithelial-mesenchymal transi-
tion (EMT) in HSC3 cells. The expression of
FBXW7 was mediated by miR-27a by directly
binding to the 3’-untranslated region (3-UTR)
of FBXW7 in HSC3 cells. MiR-27a reversed par-
tial roles of FBXW?7 on the proliferation and in-
vasion in OSCC cells.

CONCLUSIONS: FBXW7 was mediated by miR-
27a and could inhibit the proliferation through
the PIBK/AKT pathway and invasion-mediated
EMT in OSCC cell line. The newly identified miR-
27a/FBXW7/PI3K/AKT axis provides novel in-
sights into the pathogenesis of OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC), a glob-
al health problem, is the most frequent head and
neck cancer with 500,000 new cases annually'.
The pathogenesis of OSCC was diverse, including
alcohol consumption, smoking, and immunodefi-
ciency’. Moreover, the 5-year survival of OSCC
is poor due to the great potential for metastasis’.
Thus, it is urgent to detect the biomarkers for the
treatment of OSCC.

F-box and WD repeat domain containing 7
(FBXW7), a member of the F-box protein family,
has been reported* to act as the substrate recog-
nition component of the SCF E3 ubiquitin ligase.
In breast cancer, FBXW?7 has been demonstrated?
to function as a tumor suppressor through sup-
pressing the proliferation and enhancing apop-
tosis. Similarly, Cai et al® demonstrated that the
upregulation of FBXW?7 inhibited the migration,
invasion, and epithelial-mesenchymal transition
(EMT) in renal cell carcinoma. In addition, Ishii
et al’ revealed that FBXW?7 served as a predictor
and was associated with poor prognosis of pan-
creatic cancer patients.

MicroRNAs (miRNAs) are non-coding small
RNAs with 19-25 nucleotides that regulate the
messenger ribonucleic acid (mRNA) deadenyla-
tion and degradation via directly binding to the
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3’-untranslated region (3’-UTR) of target mR-
NA3®, MiRNAs mediated several biological pro-
gresses including growth, differentiation, and tu-
morigeness'’. MiR-27a has been reported" to act
as an oncomiR by promoting the proliferative,
invasive, and the EMT abilities in osteosarcoma.
MiR-27a-3p mimic promoted the proliferation,
migration, invasion, and suppressed apoptosis in
colorectal cancer'?. MiR-27a has been indicated to
promote the proliferation, motility, and metasta-
sis in gastric cancer®.

In this work, FBXW7 mediated by miR-27a to
inhibit the proliferation through phosphatidyli-
nositol 3-hydroxy kinase/protein kinase B (PI3K/
AKT) pathway and inhibit the invasion-mediated
EMT in OSCC. MiR-27a reversed partial roles of
FBXW?7 on the proliferation and invasion OSCC
cells.

Patients and Methods

Patients and Tissue Samples

We collected 52 cases of oral squamous
cell carcinoma patients admitted to the Jinan
Stomatological Hospital from January 2016 to
July 2018, and obtained pairs of cancer tissues
and corresponding adjacent tissues. The sam-
ples were instantly frozen in liquid nitrogen and
stored at —80°C freezer. None patients had re-
ceived radiotherapy or chemotherapy before the
operation. All of the patients provided written
informed consent, and approval for the research
was received from the Ethics Committee of Jinan
Stomatological Hospital.

Cell Culture and Preparation

One normal oral epithelial cell line CGHNK?2
and two OSCC cell lines SCC25 and HSC3 were
purchased from the American Type Culture Col-
lection (ATCC; Manassas, VA, USA). Dulbec-
co’s Modified Eagle’s Medium (DMEM; Gibco,
Grand Island, NY, USA) maintained with 10% fe-
tal bovine serum (FBS; Sigma-Aldrich, St. Louis,
MO, USA) was employed to culture all the cells
in an atmosphere with 5% CO, at 37°C.

Vectors and Transfection

Plasmid complementary deoxyribonucleic
acid-FBXW?7 (pcDNA-FBXW7), the miR-27a
mimic and the miR-27a inhibitor oligos, as well
as the corresponding negative control, were syn-
thesized and purchased from Ribobio (Guang-
zhou, China). HSC3 cells were seeded in 6-well
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plate and cultured overnight for transfection.
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) and equal amounts of oligo fragments
were separately diluted using Opti-MEM/Re-
duced serum medium (Thermo Fisher Scientific,
Waltham, MA, USA). Once the two solutions
were mixed, the mixture was added into the
6-well plate. For cells, the oligonucleotide frag-
ment was inserted in vector and added in cells,
followed by the cells selected by Geneticin
(G418; Thermo Fisher Scientific, Waltham, MA,
USA) or harvested after 48 h.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

The reverse transcription of miR-27a was cal-
culated by using the TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems; Foster
City, CA, USA). QRT-PCR was performed using
the TagMan MicroRNA assay.

The first complementary deoxyribose nucle-
ic acid (cDNA) strand of FBXW7 was syn-
thesized using the Reverse Transcription Sys-
tem (Thermo Fisher Scientific; Waltham, MA,
USA). Power SYBR Green PCR Master Mix
(Applied Biosystems; Foster City, CA, USA)
was conducted to carry out PCR reaction us-
ing the ABI 7300HT system (Applied Biosyste-
ms; Foster City, CA, USA). The mRNA levels
of miR-27a and FBXW7 were normalized to
U6 snRNA and glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH). The primers were as
follows: FBXW7 Forward 5’-GTCCCGAGAAG-
CGGTTTGATA-3’, Reverse 5-TGCTCAGG-
CACGTCAGAAAAG-3’; GAPDH  Forward
5’-AGCCCAAGATGCCCTTCAGT-3’, Reverse
5’>-CCGTGTTCCTACCCCCAATG-3; miR-27a
Forward 5’-GCGCATTCACAGTGGCTAAG-3’,
Reverse 5’-CGGCCCAGTGTTCAGACTAC-3%;
U6 Forward 5-CTCGCTTCGGCAGCACA-3’,
Reverse 5>-AACGCTTCACGAATTTGCGT-3".

Western Blot Assay

Radio immunoprecipitation assay (RIPA) ly-
sis buffer (Beyotime, Shanghai, China) contain-
ing 1% phenylmethylsulfonyl fluoride (PMSF;
Sigma-Aldrich, St. Louis, MO, USA) was uti-
lized to lyse HSC3 cells. The concentration of
total proteins was measured by bicinchoninic
acid (BCA) Protein Quantification Kit (Solarbio,
Beijing, China). Once separated through 10%
dodecyl sulfate, sodium salt-polyacrylamide gel
electrophoresis (SDS-PAGE) through electro-
phoresis, the proteins were transferred on poly-
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vinylidene difluoride (PVDF) membranes (Bio-
Rad, Hercules, CA, USA). Next, the membranes
were blocked by 5% skimmed milk for 1 h at
room temperature. The membranes were incu-
bated using the primary antibodies, which were
FBXW7 (1:1,000; Abcam, Cambridge, MA,
USA), E-cadherin (1:1000; Abcam, Cambridge,
MA, USA), N-cadherin (1:1000; Abcam, Cam-
bridge, MA, USA), Vimentin (1:1000; Abcam,
Cambridge, MA, USA), p-PI3K (1:1000; Abcam,
Cambridge, MA, USA), PI3K (1:1000; Abcam,
Cambridge, MA, USA), p-AKT (1:1000; Abcam,
Cambridge, MA, USA), AKT (1:1000; Abcam,
Cambridge, MA, USA) and GAPDH (1:3,000
dilution; Sigma-Aldrich, St Louis, MO, USA).
Subsequently, the membranes were incubated by
the anti-rabbit or mouse horseradish peroxidase
(HRP)-conjugated secondary antibody, and the
signal was measured by enhanced chemilumi-
nescence (ECL).

Proliferation Assay

Methyl thiazolyl tetrazolium (MTT) assay was
conducted to determine the cell proliferative abil-
ity using MTT (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and dimethyl sulfoxide (DMSO)
solutions (Amresco, Solon, OH, USA). Before
transfection, HSC3 cells with a density of 5x10°
cells/well were seeded into 96-well plates and
were then cultured at 37°C in an atmosphere of
5% CO,. After cultured 24, 48, 72, and 96 h, 10
pL of MTT were added into each well and incu-
bated for 4 h at 37°C. Once the medium contained
with MTT was removed, and once 150 uL. DMSO
were added into each well, the absorbance of cell
proliferation was measured at 490 nm.

Transwell Assay

The cell invasive ability was assessed by tran-
swell chamber (8 um; Biosciences, San Jose, CA,
USA), which was covered with Matrigel (Clon-
tech; Mountain View, CA, USA). We seeded 100
pL cell suspension into the upper chamber, which
were suspended in Dulbecco’s Modified Eagle’s
Medium (DMEM) without serum. Meanwhile,
600 uL. DMEM medium with 15% fetal bovine
serum (FBS) were placed into the lower chamber.
After incubated 48 h at 37°C in an atmosphere
with 5% CO,, the cells still at the upper surface
were removed by a cotton swab, and the invaded
cells were fixed and stained using methanol and
0.1% crystal violet. The ability of cells to invade
is represented by the number of cells passing
through the membrane.

Luciferase Reporter Assays

TargetScan predicted that miR-27a targeted
to FBXW7. To clarify that miR-27a was direct-
ly binding to the 3-UTR of FBXW7 mRNA,
the binding sequences were mutated from ACU-
GUGAA to UGACACUU. The 3'-UTR fragment
of FBXW7 mRNA containing the wild type or
mutated sequence was inserted into the pmir-
Glo vector, which was designated as pmirGlo-
FBXW7-WT (WT) and pmirGlo-FBXW7-MUT
(MUT), respectively. Lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA) was utilized to
perform the transfection in HSC3 cells. After
transfection for 48 h, the firefly luciferase activity
was calculated by Dual-Luciferase Reporter As-
say System (Promega, Madison, WI, USA) with
Renilla luciferase as normalization.

Statistical Analysis

Data are presented as means + SD (standard
deviation), and the statistical analyses were per-
formed by Statistical Product and Service Solu-
tions (SPSS) 16.0 software (SPSS Inc., Chicago,
IL, USA). Comparison between two or multiple
groups was performed using Student’s 7-test and
One-way analysis of variance (ANOVA) test fol-
lowed by Post-Hoc Test (Least Significant Dif-
ference). p<0.05 was considered statistically sig-
nificant.

Results

FBXW?7 Was Downregulated in OSCC
Tissues and Downregulation of FBXW7
Predicted Poor 5-year Overall Survival
RT-qPCR was applied to calculate the ex-
pression of FBXW?7 in OSCC tissues and the
corresponding adjacent non-tumor tissues. As
expected, we calculated the FBXW?7 expression
in tissues and cells by RT-qPCR. Also, FBXW?7
was discovered to be downregulated in OSCC tis-
sues compared with the corresponding non-tumor
tissues (p<0.05; Figure 1A). Besides, downregu-
lation of FBXW?7 predicted poor 5-year overall
survival of OSCC patients (p<0.05, Figure 1B).
In addition, the expression of miR-27a had an
inverse connection with lymph node metastasis
(p<0.05), TNM stage (p<0.05; Table I). The
expression of miR-27a was higher in OSCC tis-
sues than the corresponding non-tumor tissues
(p<0.05; Figure 1C). The Kaplan-Meier method
revealed that the overall survival was associated
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with miR-27a expression, and over-expression of
miR-27a predicted poor prognosis of OSCC pa-
tients (p<0.05; Figure 1D).

FBXW?7 Suppressed the Proliferation
Through PI3K/AKT Signal Pathway
in OSCC

MRNA levels of FBXW7 were evaluated in
cell lines. Also, FBXW7 was discovered to be
low expressed in OSCC cell lines HSC3 (p<0.01)
and SCC25 compared to the CGHNK2 cell line
(p<0.05; Figure 2A). To explore the function of
FBXW7 in OSCC, pcDNA3.1-FBXW7 was con-
ducted to up-regulate the expression of FBXW?7
in HSC3 cells (p<0.05; Figure 2B). The prolifer-
ative ability was evaluated using the MTT assay
after transfection of FBXW?7 overexpressed plas-
mid (pcDNA3.1-FBXW7), as well as the negative
control. Cell proliferation was inhibited by trans-
fecting with pcDNA3.1-FBXW7 in HSC3 cells
(p<0.05; Figure 2C). In addition, the expressions
of p-PI3K and p-AKT were inhibited by re-ex-
pressing FBXW7 in HSC3 cells (Figure 2D).

FBXW?7 Inhibited the Invasion-Mediated
EMT of OSCC cells

Transwell assay was used to calculate the inva-
sion of HSC3 cells. Similar to proliferation, the in-
vasive ability was reduced by pcDNA3.1-FBXW7
(p<0.05; Figure 3A). To explore the mechanism
of FBXW7 on OSCC the invasion, Western blot
was utilized to assess the protein levels of EMT
markers. As expected, FBXW?7 inhibited the pro-
tein levels of N-cadherin and Vimentin, whereas
it reduced the expression of E-cadherin in HSC3
cells (Figure 3B), which suggested that FBXW7
suppressed the invasion-mediated EMT in HSC3
cells.

FBXW7 Was a Target Gene of MiR-27a
in OSCC Cells

TargetScan was conducted to predict the tar-
get genes of miR-27a. Also, FBXW?7 was pre-
dicted as a potential target of miR-27a. To verify
miR-27a directly binding to FBXW?7, the bind-
ing sequences on the 3’-UTR of FBXW7 mRNA
were mutated from ACUGUGAA (WT) to UG-
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Figure 1. FBXW?7 was downregulated in OSCC tissues and downregulation of FBXW?7 predicted poor 5-year overall survival
A, FBXW7 was downregulated in OSCC tissues compared with the corresponding non-tumor tissues. B, Downregulation
of FBXW?7 predicted poor 5-year survival of OSCC patients. C, Expression of miR-27a was higher in OSCC tissues than
the corresponding non-tumor tissues. D, Kaplan-Meier method revealed that the overall survival was associated with the
expression of miR-27a and overexpression of miR-27a predicted poor prognosis
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Table I. Relationship between miR-223 expression and their clinic-pathological characteristics of 52 OSCC patients.

MiR-223
Characteristics Cases 29 High 23 Low p-value
Age (years) 0.438
>60 28 17 (60.7) 11 (39.3)
<60 24 12 (50.0) 12 (50.0)
Gender 0.598
Male 27 16 (59.3) 11 (40.7)
Female 25 13 (52.0) 12 (48.0)
Differentiation 0.112
Well/moderately 29 19 (65.5) 10 (34.5)
Poorly 23 10 (43.5) 13 (56.5)
Tumor location 0.105
Buccal cancer 6 3(50.0) 3(50.0)
Oropharyngeal cancer 11 6 (54.5) 5(45.5)
Tongue cancer 21 12 (57.1) 942.9)
Gingival cancer positive 14 9 (64.3) 5(35.7)
Lymph node metastasis 0.031*
No 29 20 (69.0) 9 (31.0)
Yes 23 9(39.0) 14 (60.9)
TNM stage 0.035%*
I-IT 31 21 (67.7) 10 (32.3)
1I-1v 21 8(38.1) 13 (61.9)

Statistical analyses were performed by the y*-test. *p<0.05 was considered significant.
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Figure 2. FBXW7 suppressed the proliferation through PI3K/AKT signal pathway in OSCC A, FBXW7 was low expressed in
OSCC cells HSC3 and SCC25 compared with the CGHNK2 cell line. B, pcDNA3.1-FBXW7 was conducted to up-regulate FBXW7
in HSC3 cells. C, Proliferation was inhibited by pcDNA3.1-FBXW7 in HSC3 cells. D, FBXW?7 inhibited the EMT of HSC3 cells.
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Figure 3. FBXW7 inhibited OSCC the invasion-mediated EMT A, Invasive ability was reduced by transfecting pcDNA3.1-
FBXW7 (magnification x 40). B, FBXW?7 suppressed the invasion-mediated EMT in HSC3 cells.

ACACUU (MUT) (Figure 4A). Followed, HSC3
cells co-transfected the miR-27a mimic and WT
or MUT. Then we calculated the luciferase ac-
tivities after transfection. Compared to the con-
trol, the miR-27a mimic reduced the luciferase
activity of wild type FBXW7 3’-UTR (p<0.05),
whereas exhibited no inhibitory effects on the
luciferase activity of mutant FBXW7 3’-UTR in
HSC3 cells (p>0.05) (Figure 4B). In addition,
the mRNA level of FBXW7 was reduced by

miR-27a mimic (p<0.05), while it was increased
by miR-27a inhibitor in HSC3 cells (p<0.01;
Figure 4C).

MiR-27a Reversed Partial Function of
FBXW?7 on the Proliferation and
Invasion of OSCC

Since FBXW7 was downregulated by miR-
27a, to verify the important roles of FBXW7,
the miR-27a mimic was transfected in FBXW?7
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Figure 4. FBXW?7 was a target gene of miR-27a in OSCC cells. A, TargetScan was conducted to predict FBXW?7 was a
potential target of miR-27a. B, MiR-27a mimic reduced the luciferase activity of wild type FBXW?7 3’-UTR. C, MRNA level
of FBXW?7 was reduced by the miR-27a mimic, while it was increased by miR-27a inhibitor in HSC3 cells.
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overexpressed HSC3 cells. As results, the ex-
pression of FBXW?7 could re-express through
transfected miR-27a mimic in FBXW?7 overex-
pressed HSC3 cells (p<0.05; Figure 5A). The
proliferation and invasion were assessed using
MTT and transwell assays. The proliferative
ability was promoted by transfecting the miR-
27a mimic in FBXW7 overexpressed HSC3 cells
(p<0.05; Figure 5B). Transwell assay revealed
that the invasive ability was increased when
transfected the miR-21 mimic in FBXW?7 over-
expressed cells than only transfected FBXW7,
suggesting that miR-27a reversed the partial
function of FBXW?7 (p<0.05; Figure 5C).

Discussion

Oral squamous cell carcinoma is the most
common oral cancer in India which has a high
incidence rate of 30-40%!“. OSCC originates
from oral epithelial dysplasia (OED), which was
characterized by an altered change of epithelium
squamous dysplastic cells'>!6. The 5-year survival

of OSCC patients was poor due to great potential
for metastasis®. Thus, it is urgent to detect the
biomarkers for the treatment of OSCC.

FBXW?7 is one of the most commonly deregu-
lated ubiquitin-proteasome system proteins in hu-
man cancer and controlled proteasome-mediated
degradation of oncoproteins*. Downregulation of
FBXW?7 was associated with poor prognosis in
gastric adenocarcinoma and non-small-cell lung
cancer'”8, Consistent with all the findings, we
showed that the expression of FBXW7 was lower
in OSCC tissues than the corresponding non-tu-
mor tissues, and the downregulation of FBXW?7
predicted poor overall survival of OSCC patients.
FBXW?7 inhibited the migration and invasion via
suppressing EMT in renal cell carcinoma'. In
our work, we discovered that overexpression of
FBXW?7 inhibited the proliferation of HSC3 cells
through the PI3K/AKT signaling pathway. More-
over, FBXW7 impaired the invasion and EMT in
HSC3 cells.

MiRNAs, 19-25 nucleotides RNAs, bind the
3’-UTR of target mRNA, leading to the mRNA
degradation or translation repression®?°. FBXW7
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Figure 5. MiR-27a reversed partial function of FBXW?7 on the proliferation and invasion of OSCC. A, Expression of FBXW7
could re-express through transfecting the miR-27a mimic in FBXW?7 overexpressed HSC3 cells. B, MiR-27a mimic promoted
the proliferative ability in FBXW7 overexpressed HSC3 cells. C, Transwell assay revealed that the invasive ability was
increased when transfected with the miR-21 mimic in FBXW?7 overexpressed cells (magnification x 40).
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was a target gene of several MiRNAs, includ-
ing miR-182, miR-223, miR-92b, and miR-25°"*,
MiR-27a acted as a biomarker to enhance the
growth and colon formation in prostate cancer®.
Similarly, miR-27a enhanced the migration, inva-
sion, and EMT via the Wnt signal in ovarian can-
cer®. Also, we found that miR-27a promoted the
proliferation and migration by directly targeting
to the 4-UTR of FBXW7 in OSCC cells, which
were consistent with the findings in breast cancer
and esophageal cancer 27,

Conclusions

We revealed that FBXW?7 was downregulat-
ed while miR-27a was upregulated in OSCC
tissues and cell lines, and the downregula-
tion of FBXW7 or upregulation of miR-27a
in OSCC tissues predicted poor outcome of
OSCC patients. FBXW7 suppressed the growth
through the PI3K/AKT signaling pathway in
OSCC cell line HSC3. FBXW?7 inhibited the
invasion-mediated EMT in HSC3 cells. The ex-
pression of FBXW7 was mediated by miR-27a
by directly binding to the 3’-UTR of FBXW7
in HSC3 cells. MiR-27a reversed partial roles
of FBXW7 on the proliferation and invasion in
OSCC cell.
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