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CSE1L promotes proliferation and migration in
oral cancer through positively regulating MITF
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Abstract. - OBJECTIVE: CSE1L (human chro-
mosomal segregation 1-like) is reported to be able
to affect cell apoptosis, invasiveness, and migra-
tion. The purpose of this study was to uncover the
regulatory effects of CSE1L on cell phenotypes of
oral cancer and the underlying mechanism.

MATERIALS AND METHODS: CSE1L levels in
oral cancer cells were determined by quantita-
tive Real Time-Polymerase Chain Reaction (qRT-
PCR) and Western blot. CSE1L overexpression
and knockdown models were constructed in CAL-
27 and HNG6 cells, respectively. Changes in prolif-
erative and migratory abilities in oral cancer cells
affected by CSE1L and microphthalmia-associat-
ed transcription factor (MITF) were assessed by
cell counting kit-8 (CCK-8), 5-Ethynyl-2’-deoxy-
uridine (EdU) and wound healing assay. Mean-
while, potential influences of CSE1L and MITF on
relative levels of E-cadherin and Vimentin in oral
cancer cells were detected. Finally, regulatory ef-
fects of CSE1L and MITF on the Akt/mTOR path-
way were evaluated by detecting expression lev-
els of p-Akt, Akt, p-mTOR, and mTOR.

RESULTS: CSE1L was upregulated in oral can-
cer cells. Knockdown of CSE1L in HN6 cells at-
tenuated proliferative and migratory abilities,
as well as downregulated Vimentin and upreg-
ulated E-cadherin. Overexpression of CSE1L in
CAL-27 cells yielded the opposite results. MIFT
level was positively regulated by CSE1L. Over-
expression of MITF partially reversed regulato-
ry effects of CSE1L on proliferative ability of oral
cancer cells. Moreover, silence of CSE1L sup-
pressed the Akt/mTOR pathway, which was re-
versed by overexpression of MITF.

CONCLUSIONS: CSE1L promotes the prolifer-
ative and migratory abilities in oral cancer cells
by positively regulating MITF, thus activating the
Akt/mTOR pathway.
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Introduction

Oral cancer is a highly differentiated malignan-
cy originating in the head and neck. Oral cancer is
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prone to infiltrate to cervical lymph nodes, while
its rate of distant metastasis is relatively low. Poor
sensitivities of oral cancer to chemotherapy and ra-
diotherapy lead to low response of anti-tumor treat-
ment'?. Uncontrolled primary lesions are the major
cause of death related to oral cancer. It is estimated
that the 5-year survival of oral cancer is 50-60%>.
Therefore, it is necessary to develop effective strat-
egies for clinical treatment of oral cancer.

Human chromosomal segregation 1-like (CSEIL),
also known as cellular apoptosis susceptibility (CAS),
was initially discovered in breast cancer cells. CSEIL
locates on human chromosome 20q13, which is ho-
mologous with CSEl. CSEIL is found to be upregu-
lated in multiple types of cancer cells*. As a nuclear
transport factor, CSEIL participates in the regulation
of cell apoptosis®, proliferation®, chromosome aggre-
gation’, microvesicle formation®®, tumor metastasis®,
and embryonic development in the early phase'.

Microphthalmia-associated transcription factor
(MITF) locates on human chromosome 3p12.3-
14.1 and encodes the gene containing 419 amino
acids with 46 kDa. It is tissue-specific, contain-
ing a dimer structure of bHLH-Zip". Through
the bHLH-Zip domain, MITF recognizes E-box
sequences (CATGTG) in the promoter regions
of target gene, thus initiating the transcription
of downstream genes'>. Besides, MITF exerts
an important role in the development of melano-
cytes, retinal pigment epithelial cells, hypertro-
phic cells, and osteoclasts, and it also contributes
to maintain cell morphology". In glioma, CSEIL
affects disease progression by targeting MITF™,
Thus, the purpose of this study was to uncover
the potential influences of CSEIL and MITF on
the progression of oral cancer.

Materials and Methods
Cell Culture

Oral cancer cells (HN4, HN6, CAL-27, and
SCC-4) were purchased from American Type
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Figure 1. CSEIL is upregulated in oral cancer cells. The mRNA (A) and protein level (B) of CSEIL in normal cells and oral

cancer cells (HN4, HN6, CAL-27, and SCC-4).

Culture Collection (ATCC; Manassas, VA, USA).
Then, the cells were cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640; HyClone,
South Logan, UT, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA)
and 1% penicillin-streptomycin. Medium was
regularly replaced, and cell passage was conduct-
ed using trypsin.

RNA Extraction and Quantitative
Real-Time RCR (qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) was
applied for isolating cellular RNA, which was
quantified using a spectrometer. Next, RNA was
reversely transcribed into complementary deoxy-
ribose nucleic acid (¢cDNA) using the PrimeScript
RT reagent Kit (TaKaRa, Otsu, Shiga, Japan).
After that, SYBR Premix Ex Taq™ (TaKaRa,
Otsu, Shiga, Japan) was utilized for qRT-PCR.
Primer sequences are listed as follows: CSE1L-F:

S“TTTTGAGTTACCCGAAGA-3;  CSEIL-R:
S“TTGTGAAGTGACTGTGCC-3; GAPDH-F:
5-GTCAGCCGCATCTTCTTTTG-3"; glyceral-

dehyde 3-phosphate dehydrogenase (GAPDH)-R:
5'-GCGCCCAATACGACCAAATC-3".

Transfection

Pre-designed siRNA sequences targeted to
CSEIL  (5-GCATGATCCTGTAGGTCAA-3")
were synthesized by the GenePharma Compa-
ny (Shanghai, China) and transfected into HN6
cells. In the meantime, siRNA-NC (5'-UUCUC-
CGAACGUGUCACGUTT-3") was used as a
negative control. Then, cell transfection was con-
ducted using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).
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Western Blot

Cells were lysed using cell lysis buffer
(Qincheng Biotech, Shanghai, China; Cat no:
QC25-05099), shaken on ice for 30 min, and cen-
trifuged at 14,000 x g for 15 min at 4°C. Total pro-
tein concentration was calculated by bicinchoninic
acid (BCA) Protein Assay Kit (Pierce, Rockford,
IL, USA). Protein samples were separated using
a 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) gel and then
loaded on polyvinylidene difluoride (PVDF)
membranes (Millipore, Billerica, MA, USA).
Subsequently, non-specific antigens were blocked
in 5% skim milk for 2 h. Next, membranes re-
acted with primary and secondary antibodies for
indicated time. Band exposure and analyses were
finally conducted. The gray value was analyzed
using ImagelJ software (Version 1.38; National In-
stitutes of Health, Bethesda, MA, USA).

Cell Counting Kit-8 (CCK-8)

Cells were inoculated in the 96-well plate
(3x10° cells per well) and added with 10 uL. CCK-
8 (Dojindo Laboratories, Kumamoto, Japan) re-
agent per well for 4 h culture. Absorbance (A) at
450 nm was measured by a microplate reader.

5-Ethynyl-2-Deoxyuridine (EdU) Assay
Cells were inoculated into a 6-well plate and la-
beled with 50 pM EdU reagent for 2 h. After wash-
ing with phosphate-buffered saline (PBS), cells were
fixed in 50 pL of fixation buffer, decolored with 2 mg/
mL glycine, and permeated with 100 pL of penetrant.
After PBS washing once, cells were stained with 100
pL of 4°,6-diamidino-2-phenylindole (DAPI) in the
dark for 30 min. Ultimately, EdU-positive cells, DA-
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Pl-labeled cells, and their merged images were cap-
tured under a fluorescent microscope.

Wound Healing Assay

All instruments were required for 30-min ultra-
violet radiation, including the ruler, marker pen, and
200 pL pipette. Two lines with 0.5-1 ¢cm interval in
the middle were depicted on the back of a 6-well
plate using a marker pen. The cells were inoculated
in a 6-well plate at 5x10° cells/well, and an artificial
wound was created in the confluent cell monolayer
using a 200 pL pipette tip. Finally, wound closure
was captured at 0 and 24 h, respectively.

Statistical Analysis

Statistical Product and Service Solutions (SPSS)
16.0 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analysis. Data were expressed as mean +
SD (standard deviation). Differences between two
groups were analyzed by the #-test. p<0.05 indicat-
ed the significant difference.

Results

CSE1L Was Upregulated in Oral
Cancer Cells

Compared with normal cells, CSE1L was upreg-
ulated in oral cancer cells at both mRNA and pro-
tein levels (Figure 1A, 1B). In particular, CSEIL
presented the highest abundance in HN6 cells and
the lowest one in CAL-27 cells among the four test-
ed oral cancer cell lines, so HN6 and CAL-27 cells
were selected for the following experiments.

CSE1L Promoted Proliferative Ability in
Oral Cancer Cells

To uncover the biological role of CSEIL in oral
cancer, CSEIL knockdown and overexpression
models were constructed in HN6 and CAL-27
cells, respectively. Transfection of si-CSEIL ef-
fectively downregulated protein level of CSEIL
in HNG6 cells, and transfection of pcDNA-CSEIL
markedly upregulated CSEIL in CAL-27 cells
(Figure 2A). In HN6 cells transfected with si-
CSEIL, viability, and EdU-positive ratio were re-
markably reduced. On the contrary, viability and
EdU-positive ratio markedly increased in CAL-
27 cells overexpressing CSEIL (Figure 2B, 2C).

CSETL Promoted Migratory Ability in
Oral Cancer Cells

Wound healing assay revealed that knockdown
of CSEIL in HNG cells greatly attenuated migra-

tory ability, while overexpression of CSEIL in
CAL-27 cells yielded the opposite trend (Figure
3A). Western blot analyses uncovered that silence
of CSEI1L upregulated E-cadherin and downreg-
ulated Vimentin, and the opposite trends were
observed after overexpression of CSEIL (Figure
3B). It can be concluded that CSEIL stimulates
oral cancer cells to migrate.

CSE1L Promoted Proliferative Ability in
Oral Cancer Cells Via Regulating MITF

Of note, protein level of MITF was downreg-
ulated in HN6 cells transfected with si-CSEIL
(Figure 4A). The decreased viability in HN6 cells
with CSE1L knockdown was partially reversed by
overexpression of MITF (Figure 4B). Moreover,
overexpression of MITF abolished the reduced
EdU-positive ratio in HN6 cells transfected with
si-CSEI1L (Figure 4C). Hence, MITF was respon-
sible for the proliferation phenotype of oral cancer
regulated by CSEIL.

CSETL Activated the AkKt/mTOR Pathway
in Oral Cancer Through Positively
Regulating MITF

It is shown that the ratios of p-Akt/Akt and
p-mTOR/mTOR were markedly reduced in
HNG6 cells transfected with si-CSEI1L, indicating
that knockdown of CSEIL suppressed the Akt/
mTOR pathway. Nevertheless, the inactivated
Akt/mTOR pathway was partially abolished by
overexpression of MITF (Figure 5). As a result,
it can be concluded that CSEIL activates the Akt/
mTOR pathway in oral cancer by positively reg-
ulating MITF.

Discussion

Oral cancer, a prevalent tumor in the head and
neck, has become the sixth leading cancer glob-
ally. The mortality of oral cancer is up to 70%.
More seriously, impaired physiological functions
of speech, swallowing, and chewing because of
oral cancer severely influence life quality of af-
fected patients'®. Epidemiological investigations'
have demonstrated that the incidence of oral can-
cer presents a younger trend, posing a great bur-
den on the whole society.

Chromosome 20ql3 tends to be amplified in
various cancer tissues'’. Amplification state of
chromosome 20q13 is closely linked to cancer
progression'®". It is reported that the amplifica-
tion of chromosome 20q predicts invasiveness,
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Figure 2. CSEIL promotes proliferative ability in oral cancer cells. HN6 cells were transfected with si-NC or si-CSEI1L.
CAL-27 cells were transfected with pcDNA-NC or pcDNA-CSEIL. A, Protein level of CSEIL, B, Cell viability, C, EdU-pos-

itive cells (magnification 40x).

metastasis, and poor prognosis of cancer?*?!,
CSEIL locates on human chromosome 20q13. In
colon cancer cells, knockdown of CSEI1L attenu-
ates clonality and induces apoptosis*. Yuksel et
al* pointed out that cytoplasmic level of CSEIL
is correlated with axillary lymph node metastasis
in breast cancer patients. Besides, Lorenzato et
al** suggested that Akt activation triggers nucle-
ar aggravation of CSEl in ovarian cancer cells,
thereafter, affecting the transportation of carcino-
genic signaling. In this paper, it was discovered
that CSE1L was upregulated in oral cancer cells.
Knockdown of CSEIL attenuated proliferative
and migratory abilities in oral cancer.

MITF presents at least 9 different promoter-ex-
on structures. The first exon and different pro-
moters determine the specific subtype of MITF,
while downstream exons are the same. Different
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subtypes of MITF is expressed in different types
of cells'**. MITF is of significance in the devel-
opment and differentiation of certain cells in mul-
tiple organs®. Moreover, Bera et al'® introduced
the first MITF-mutant mouse from offsprings of
mice undergoing X-ray radiation. So far, over 24
spontaneous and induced allele mutation sites of
MITF have been discovered. Li et al*® has sug-
gested that knockdown of CSEIL alleviates the
growth and metastasis of gastric cancer via posi-
tively regulating MITF. In this paper, overexpres-
sion of MITF reversed the inhibited proliferative
ability in oral cancer cells with CSEIL knock-
down. Furthermore, the suppressed Akt/mTOR
pathway in oral cancer cells transfected with si-
CSEIL was abolished by overexpressed MITF. To
sum up, CSE1L was upregulated in oral cancer,
and it promoted the proliferative and migratory
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Figure 3. CSEIL promotes migratory ability in oral cancer cells. HN6 cells are transfected with si-NC or si-CSEIL. CAL-
27 cells are transfected with pcDNA-NC or pcDNA-CSEIL. A, Percentage of wound healing (magnification 10x), B, Protein
levels of E-cadherin and Vimentin.
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Figure 4. CSEIL promotes proliferative abil-
ity in oral cancer cells via regulating MITF. A,
Protein level of MITF in HNG cells transfected
with si-NC or si-CSEIL. HNG6 cells are trans-
fected with si-NC, si-CSEIL or si-CSE1L+p-
cDNA-MITE. B, Cell viability, C, EdU-posi-
tive cells (magnification 40x).
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Figure 5. CSEIL activates the Akt/mTOR pathway in oral cancer through MITF. HNG6 cells are transfected with si-NC, si-
CSEIL or si-CSE1L+pcDNA-MITF. Protein levels of p-Akt, Akt, p-mTOR and mTOR. Ratios of p-Akt/Akt and p-mTOR/mTOR.

abilities in oral cancer by regulating MITF to ac-
tivate the Akt/mTOR pathway. The findings pro-
vide novel directions in the clinical treatment of
oral cancer.

Conclusions

Altogether the above data revealed that CSE1L
promotes the proliferative and migratory abilities
in oral cancer cells by positively regulating MITF,
thus activating the Akt/mTOR pathway.
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