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Abstract. Maternal embryonic leucine zipper kinase (MELK)
has been reported to serve critical roles in the maintenance
of stemness of cancer cells, although its mechanism remains
unclear. Since SRY-box 2 (SOX2) was demonstrated to be
involved in self-renewal and tumorigenicity of head and
neck squamous cell carcinoma (HNSCC) and is aberrantly
expressed in HNSCC tumors, the association between MELK
and SOX2 was examined. Firstly, MELK inhibition was
performed by small interfering RNA or MELK inhibitor
OTS167, and it was determined that MELK inhibition by these
approaches could decrease the SOX?2 expression in HNSCC
cells and OTS167 could suppress the SOX2 expression in a
dose-dependent manner. The present results indicated that
MELK inhibition may target cancer stem cells (CSCs) through
downregulation of the SOX2 gene. To further confirm the
transcriptional regulation of SOX2, the transcription factors
(TFs) were screened for SOX2 using a promoter-binding TF
assay followed by reverse transcription-quantitative poly-
merase chain reaction and a decrease of the majority of the
SOX2 TFs following MELK knockdown was observed. The
present results provide evidence that MELK serves a key role
in CSCs through the regulation of SOX2 and further indicates
that MELK inhibition may also be promising for clinical
applications in the treatment of HNSCC.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most common cancer type with poor prognosis globally from
2005-2015 (1). Despite advances in its diagnosis and treatment,
the 5-year survival rate (1983-2002) of patients with late stage
HNSCC globally was 30-50% and has improved slightly in
recent decades (2). Therefore, development of novel therapies
with high efficacy and low toxicity is required.

Maternal embryonic leucine zipper kinase (MELK) has
been reported to serve critical roles in cancer cell proliferation
and maintenance of stemness (3). It was previously reported
that MELK is a promising target for cancer therapy and we
developed a potent MELK inhibitor, OTS167, which exhibited
effective growth suppression in mice xenograft models of a
number of cancer types, including breast, lung, prostate, and
pancreas cancer (4,5). At present, the therapeutic potential
of OTS167 is being evaluated in clinical trials, including
NCTO01910545 (6), NCT02795520 (7) and NCT02926690 (8).

Cancer stem cells (CSCs) are more resistant to chemo-
therapy/radiation than non-stem cancer cells and are considered
to serve important roles in cancer recurrence and/or metas-
tasis (9). Numerous studies for targeting CSCs have purported
pluripotency-associated transcription factor (TF) SRY-box 2
(SOX2) to be a therapeutic target due to its gene amplifica-
tion and/or overexpression in cancer cells (10-12). The SOX
family is a group of TFs that have been demonstrated to have
critical roles in developmental and stem cell biology (13). The
SOX2 gene is located on chromosome 3q26.3-q27, belongs
to the SOXBI1 group and encodes for a protein consisting of
317 amino acids (14). The aberrant expression of SOX2, which
promotes cellular proliferation, invasion, migration, metastasis
and evading apoptotic signals, has been reported in a number
of human cancer types, including lung, esophageal, pancreatic,
breast, ovarian and hepatocellular carcinoma, as well as head
and neck cancer (HNSCC) (15-19).

In HNSCC, SOX2 was demonstrated to regulate self-
renewal and tumorigenicity of HNSCC stem-like cells (20).
Ectopic expression of SOX2 induced cell proliferation and
enhanced stemness-associated features (20). Knockdown of
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SOX2 in HNSCC CSCs attenuated their self-renewal capacity,
chemoresistance, invasiveness and in vivo tumorigenicity (18).
Meta-analysis to examine associations between SOX2 expres-
sion levels and clinicopathological/prognostic parameters in
HNSCC of 7 studies (9 cohorts) indicated that the high SOX2
expression was strongly associated with unfavorable 5-year
overall survival [hazard ratio (HR), 1.54; 95% confidence
interval (CI), 1.09-2.18] and disease-free survival rate (HR,
1.54; 95% CI, 1.13-2.10) of patients (21-27). Additionally,
increased SOX2 expression was also significantly associated
with a high tumor grade and an advanced TNM stage as well
as metastatic lymph-node status and distant metastasis (28).

In the present study, the effect of MELK knockdown
and inhibition of MELK enzymatic activity by its inhibitor,
OTS167, on SOX2 expression in HNSCC cells was reported.
The data indicated that the MELK inhibitor may be a promising
modality for the treatment of HNSCC.

Materials and methods

Cell lines. The HNSCC cell lines UD-SCC-2, UT-SCC-40,
HN-SCC-151, FaDu, JSQ-3, HN-5, HN-6 and HN13 were
provided by Dr Tanguy Y. Seiwert (Department of Medicine,
University of Chicago, Chicago, IL, USA). The YD-10B
cell line was purchased from the Korean Cell Line Bank
(KCLB; KCLB no. 60503; Korean Cell Line Research
Foundation, Seoul, Korea). UD-SCC-2, HN-SCC-151, JSQ-3
and UT-SCC-40 cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM)/F12 (Life Technologies;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with
10% FBS (Gemini Bio-Products, West Sacramento, CA,
USA) and 1X antibiotic-antimycotic solution (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). HN13, HN-5, HN-6 and
YD-10B cells were cultured in DMEM (Life Technologies;
Thermo Fisher Scientific, Inc.) with 10% FBS and 1X antibi-
otic-antimycotic solution. FaDu was cultured in RPMI-1640
media (Life Technologies; Thermo Fisher Scientific, Inc.) with
10% FBS and 1X antibiotic-antimycotic solution. All cells
were maintained at 37°C in humidified air in an atmosphere
containing 5% CO,.

Sphere formation. For the sphere formation assay, 1x10° cells
of 6 individual HNSCC cell lines (HN13, FaDu, UD-SCC-2,
HN-6, YD-10B and HN-5) with a high or undetectable expres-
sion level of MELK were seeded onto Ultra-Low attachment
60 mm plates (Corning Incorporated, Corning, NY, USA) and
cultured in corresponding serum-free medium for two weeks
at 37°C in humidified air in an atmosphere containing 5% CO,.
A total of 500 pl fresh medium corresponding to each cell
line was added every 3-4 days. The spheres were observed and
recorded with an Invitrogen EVOS FL Auto 2 Cell Imaging
System under an Evos FL Auto 2 light microscope (x40;
Invitrogen; Thermo Fisher Scientific, Inc.).

Western blot analysis and antibodies. A total of 9 cell lines
(FaDu, HN13, UD-SCC-2, HN-6, UT-SCC-40, HN-SCC-151,
JSQ-3, YD10-B and HN-5) were lysed on ice with IP lysis
buffer (Thermo Fisher Scientific, Inc.) containing protease
inhibitor cocktail set III (1:1,000) and phosphatase inhibitor
cocktail set I (1:100) (EMD Millipore, Billerica, MA, USA) to
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evaluate the MELK expression level. HN13 and UT-SCC-40
were used to evaluate the change of SOX2 expression level
after MELK inhibition following the same lysis protocol
aforementioned. Protein concentration was measured using a
BCA assay. A total of 20 ug lysate protein were loaded and
separated by electrophoresis using an Any kD precast poly-
acrylamide gel (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and transferred onto a polyvinylidene fluoride (PVDF)
membrane. Following blocking with 5% skim milk (Thermo
Fisher Scientific, Inc.) in TBS with 0.1% Tween-20 (TBST)
buffer for 1 h at room temperature, membranes were incubated
with the primary antibodies, anti-MELK monoclonal antibody
[1:5,000; produced in-house, as previously described in (29)] or
anti-SOX2 monoclonal antibody (1:1,000; cat. no. MA1-014;
Thermo Fisher Scientific, Inc.) overnight at 4°C. Anti--actin
antibody (1:10,000; cat. no. A5441; Sigma-Aldrich;
Merck KGaA) was used as a loading control and incubated
with membranes overnight at 4°C. After washing three times
with TBST buffer, membranes were incubated with rabbit
anti-mouse IgG-horseradish peroxidase (HRP) antibody as the
secondary antibody (1:1,000; cat. no. Sc358917; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) for 1 h at room temper-
ature. The expression level of MELK in each cancer cell line
was quantified with the ImageJ 1.51 h software (National
Institutes of Health, Bethesda, MD, USA) and normalized with
that of B-actin with GraphPad Prism version 7.01 (GraphPad
Software, Inc., La Jolla, CA, USA).

Growth suppressive effect of OTS167 in HNSCC cells. MTT
was conducted using Cell Counting Kit-8 (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan), according to the manu-
facturer's protocols, to calculate the half-maximum inhibitory
concentration (IC,,) value of OTS167 on cell lines. In brief,
4x10° cells were seeded into 96-well flat plates. Cells treated
with graded concentrations of OTS167 were cultured for 72 h
at 37°C in an atmosphere containing 5% CO,. OTS167 was
provided by OncoTherapy Science, Inc. (Kawasaki, Japan).
UD-SCC2-2, HN13 and FaDu cells, which represent cell lines
with high MELK expression level, were treated with OTS167
at concentrations of 0, 0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25,
50, 100, 500 or 1,000 nM. UT-SCC-40 cells and JSQ-3 cells
represent cell lines with moderate MELK expression level.
UT-SCC-40 cells were treated with OTS167 at concentrations
of 0,1.2,2.4,49,9.8,19.5, 39, 78, 156, 312, 625 or 1,000 nM.
JSQ-3 cells were treated with OTS167 at concentrations of O,
0.6,1.2,2.4,49,9.8,19.5,39,78, 156, 312 or 625 nM. YD-10B
and HN-5 cells, which represent cell lines with undetectable
MELK expression level, were treated with OTS167 at concen-
trations of 0, 0.78, 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200 or
1,000 nM. To quantify cell viability, the 96-well plate was
measured at a wavelength of 450 nm in an iMark microplate
absorbance reader (Bio-Rad Laboratories, Inc.) following reac-
tion for 1-4 h at 37°C until the maximum absorbance reached
around 1. All these experiments were conducted in triplicate.
The IC;, values of OTS167 were calculated with GraphPad
Prism version 7.01.

Oligo small interfering RNA (siRNA) and transfection. To
knockdown MELK gene expression, HN13 and UT-SCC-40
cells were transfected with 200 pmol oligonucleotide siRNA
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Table I. Primers used in real time RT-PCR and promoter-binding TFs assay.

Primer Forward Reverse

MELK 5'-GCTGCAAGGTATAATTGATGGA-3' 5'-CAGTAACATAATGACAGATGGGC-3'
SOX2 5'-CCCCCGGCGGCAATAGCA-3' 5'-TCGGCGCCGGGGAGATACAT-3'
C/EBP A 5'-TGTATACCCCTGGTGGGAGA-3' 5'-TCATAACTCCGGTCCCTCTG-3'
C/EBP B 5'-GACAAGCACAGCGACGAGTA-3' 5'-AGCTGCTCCACCTTCTTCTG-3'
Pbxl 5'-CAGATGCAGCTCAAGCAGAG-3' 5'-CTCTTTGGCTTCCTTCACTGG-3'
Nkx2-5 5'-CTCAACAGCTCCCTGACTC-3' 5'-CTCATTGCACGCTGCATAAT-3'
SMUC 5'-GGCCACACACTGTCTCCAC-3' 5'-GTCGTTCAGGACACAGCAGA-3'
SOX9 5'-TACGACTACACCGACCACCA-3' 5'-CTCCTCAAGGTCGAGTGAGC-3'
SOX2-promoter 5'-TGAGAGAGTGTTGGCACCTG-3' 5'-GGGTTTCTAGCGACCAATCA-3'
GAPDH 5'-CGACCACTTTGTCAAGCTCA-3' 5'-GGTTGAGCACAGGGTACTTTATT-3'

MELK, maternal embryonic leucine zipper kinase; SOX2, SOX2, SRY-box 2; C/EBP, CCAAT enhancer binding protein; SMUC, snail family

transcription repressor 3.

using Lipofectamine® RNAIMAX (Invitrogen; Thermo Fisher
Scientific, Inc.), following the manufacturer's protocols. The
target sequence of oligo siMELK (200 pmol; Sigma-Aldrich,
Merck KGaA) was 5'-GACAUCCUAUCUAGCUGCA-3' for
MELK. Western blot analysis was conducted to evaluate the
efficiency of MELK knockdown with siRNA at the 70% cell
confluency condition and optimize the transfection efficiency,
as aforementioned. SICO01 Mission siRNA Universal from
Sigma-Aldrich (200 pmol; Merck KGaA) was used as a control
(siControl). After 48 h of transfection, the subsequent analysis
was performed.

MELK inhibition by OTS167 treatment. To inhibit MELK
in HNSCCs, HN13 and UT-SCC-40 cells were treated with
OTS167 dissolved in dimethyl sulfoxide (DMSO) at different
concentrations (equivalent to 1X, 2X, 4X and 8X IC, concen-
trations) for 48 h at 37°C, cells treated by equal amounts of
DMSO were used as control.

In vitro kinase assay. MELK recombinant protein was
obtained from OncoTherapy Science, Inc. Histone H3 recom-
binant protein (EMD Millipore, Burlington, MA) was used as
a positive control in the in vitro kinase assay. ATP (10 mM,;
cat. no. 9804) and kinase buffer (10X; cat. no. 9802) were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). In each reaction, 0.15 yM SOX2 recombinant
protein (0.26 pg; cat. no. LS-G62-25; LifeSpan Biosciences,
Inc., Seattle, WA, USA) or 0.15 uM Histone H3 recombinant
protein (0.13 ug; cat. no. 14-494; EMD Millipore) were mixed
with 0.15 yM MELK recombinant protein (0.29 ug) in 50 pul
kinase buffer and incubated for 2 h at 30°C. The reaction
was terminated by the addition of 1% SDS sample buffer
(Thermo Fisher Scientific, Inc.) and boiled at 70°C for 5 min.
Finally, the total reacted 50 ul samples were electrophoresed
on an Any kD precast polyacrylamide gel, transferred onto a
PVDF membrane and followed with the standard western blot
analysis protocols, as aforementioned. The primary antibody
(anti-phospho-Ser/Thr/Tyr antibody; 1:1,000; cat. no. ab15556)
was purchased from Abcam (Cambridge, MA, USA) and incu-
bated with membranes overnight at 37°C Rabbit anti-mouse

IgG-HRP antibody was used as the secondary antibody
(1:1,000; cat. no. Sc358917; Santa Cruz Biotechnology) and
incubated for 1 h at room temperature.

Promoter binding TF profiling plate array. A promoter
binding TF profiling plate array (Promoter-Binding TF
Profiling Array II; Signosis, Inc., Santa Clara, CA, USA) was
performed according to the manufacturer's protocols. Briefly,
96 biotin-labeled TF probes were mixed with nuclear extract
of HN13 cells with or without the SOX2 promoter DNA.
SOX2 promoter DNA was amplified by Q5® High-Fidelity
DNA Polymerase (New England Biolab, Inc., Ipswich,
MA, USA) with SOX2 promoter primers (Sigma-Aldrich,
Merck KGaA) detailed in Table I and PCR was performed
under the following thermocycling conditions: 95°C for 10 min,
followed by 35 cycles of 95°C for 15 sec, 60°C for 30 sec and
72°C for 30 sec. PCR products was purified with a MinElute
Gel Extraction kit (Qiagen, Inc., Valencia, CA, USA). The
TF-DNA complex was separated from free probes using an
isolation column, and the TF-bound probes were eluted using
elution buffer. Hybridization of eluted probes was performed
with hybridization plate. The bound probe was detected
using a streptavidin-horseradish peroxidase conjugate and
measured with a SynergyH4 plate reader (BioTek Instruments,
Inc., Winooski, VT, USA). The decreased fold of signal was
calculated.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from HN13 and UT-SCC-40 cells using
a RNeasy Mini kit (Qiagen, Inc.), and then 2 yg RNA was
reverse transcribed using a SuperScript III First-Strand
Synthesis System (Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocols. The reaction system was
incubated for 60 min at 42°C. RT-qPCR was performed using
primers (Sigma-Aldrich, Merck KGaA) and SYBR®-Green
Real-Time PCR Master mix (Thermo Fisher Scientific,
Inc.) in a ViiA 7 system (Life Technologies; Thermo Fisher
Scientific, Inc.). The PCR conditions were as follows: 95°C for
10 min followed by 40 cycles of 95°C for 15 sec and 60°C for
1 min. The PCR primer sequences were listed in Table I. The
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Figure 1. MELK expression levels and sphere formation of HNSCC cell lines. (A) MELK expression of individual HNSCC cell lines. (B) Sphere formation
of HNSCC cell lines with different MELK expression levels (scale bar, 100 m). MELK, maternal embryonic leucine zipper kinase; HNSCC, head and neck

squamous cell carcnoma.

expression levels were normalized with that of GAPDH with
the AACq method (30).

Statistical analysis. Data analysis was conducted using
GraphPad Prism version 7.01. Data are presented as
mean + standard deviation. Differences between two groups
were calculated for significance using Student's t-test and
differences between multiple groups were calculated for
significance using the analysis of variance analysis followed by
Dunnett's multiple comparisons test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Increased MELK expression associates with stronger sphere
formation ability. To investigate a role of MELK expression
in the stemness of HNSCC cells, the MELK expression levels
was examined in YD-10B, FaDu, HN-6, HN13, UT-SCC-40,
HN-5, HN-SCC-151, JSQ-3 and UD-SCC-2 cells by normal-
ization with that of B-actin. The results demonstrated that the
relative expression levels of MELK in four HNSCC cell lines,
HN13, FaDu, UD-SCC-2 and HN-6, were notably high (113,

87,105 and 154% of the B-actin expression level, respectively);
whereas, in UT-SCC-40, HN-SCC-151, JSQ-3, YD-10B and
HN-5 cells, MELK expression levels were notably reduced
(32,21,46, 15 and 11% of the B-actin expression level, respec-
tively), as depicted in Fig. 1A. Subsequent sphere formation
experiments of the two-week culture in serum-free medium
indicated that the four cell lines, HN13, FaDu, UD-SCC-2 and
HN-6, in which MELK had increased expression, formed large
spheres, compared with HN-5 and YD-10B cells with reduced
MELK expression, which formed small spheres. Additionally,
UD-SCC-2 cells formed numerous small spheres that stacked
together (Fig. 1B).

Growth suppressive effect of OTS167 in HNSCC cancer cells.
As previous reported, a potent MELK inhibitor, OTS167, was
developed, which exhibited a significant growth suppressive
effect on lung cancer cells (31), kidney cancer cells (32) as
well as multiple myeloma cells (33). In the present study, the
IC,, values of OTS167 were examined to measure its growth
inhibitory effect on seven HNSCC cell lines. This included five
HNSCC cell lines with relatively increased MELK expression
levels, UD-SCC-2, FaDu, HN13, UT-SCC-40 and JSQ-3 cells,
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Figure 2. In vitro anti-proliferative effects of OTS167 in HNSCC cell lines. Each graph depicts growth inhibition curves of OTS167 for HNSCC cancer cell
lines, (A) UD-SCC-2, (B) FaDu, (C) HN13, (D) UT-SCC-40, (E) JSQ-3, (F) YD-10B and (G) HN-5. HNSCC, head and neck squamous cell carcinoma; ICy,

half-maximum inhibitory concentration.

which exhibited relatively reduced ICs, values with a range of
8.9+1.2 to 15.8+2.2 nM, compared with the two cell lines with
reduced MELK expression, YD-10B and HN-5 cells, with
22443 .4 and 28.2+0.5 nM, respectively (Fig. 2).

Knockdown with siRNA and OTS167 treatment could decrease
SOX2 expression in HNSCC cells. Since SOX2 is considered
as one of major stemness-associated genes (10,11), whether
MELK expression would affect the SOX2 expression levels
in HNSCC cells was examined. Knockdown of MELK with
siRNA decreased SOX?2 expression in HN13 and UT-SCC-40
cells. At 48 h after siMELK transfection, the SOX?2 expres-
sion level was significantly decreased, to 9.6+2.4%, compared
with HN13 cells transfected with control siRNA (P<0.001).
However, UT-SCC-40 cells, which had reduced MELK expres-
sion, exhibited significant SOX2 downregulation (decreased
to 43.4+4.8%; P<0.001), compared with the cells treated with
control siRNA (Fig. 3A). These results indicated that SOX2
expression may be regulated by multiple factors, including
MELK, which may be a major regulator of SOX2 expression
in HN13 cells.

Additionally, HNSCC cells were treated with OTS167 at
different concentrations (equivalent to 1X, 2X,4X and 8X ICs,
concentrations) and it was identified that SOX2 expression was

significantly downregulated in an OTS167 dose-dependent
manner in the cell lines treated with OTS167 (P<0.0001,
compared with the cells treated with DMSO), as depicted in
Fig. 3B. Due to MELK being a kinase and serving a critical
role through the phosphorylation pathway (3-5), whether
MELK could directly phosphorylate SOX2 was examined
with an in vitro kinase assay using recombinant proteins.

In the in vitro kinase assay, without co-incubation with
MELK recombinant protein, Histone H3 alone also exhibited
a slight phosphorylation signal (Fig. 4; lane 3), which may
be due to the contamination of unknown protein kinase(s)
during the purification of recombinant Histone H3 protein.
However, co-incubation of Histone H3 protein with MELK
exhibited a strong phosphorylation signal (Fig. 4; lanes 6),
indicating that the MELK recombinant protein could
effectively phosphorylate the Histone H3 protein, which
confirmed the efficiency of the in vitro kinase assay strategy.
Furthermore, co-incubation of SOX2 with MELK demon-
strated no phosphorylation signal (Fig. 4; lane 5), implying
that SOX2 may not be a direct substrate of MELK. Due to
SOX2 gene expression being suppressed at a similar level
in two cell lines, OTS167 is considered to decrease SOX?2
expression in UT-SCC-40 cells by another mechanism, such
as an off-target effect (34).
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Figure 4. In vitro kinase assay of recombinant SOX2 with MELK recombi-
nant protein. Recombinant Histone H3 protein was used as a positive control.
Lane 1, no recombinant protein. Lane 2, only SOX2 protein. Lane 3, only
Histone H3 protein. Lane 4, only MELK. Lane 5, co-incubation of SOX2
with MELK. Lane 6, co-incubation of Histone H3 protein with MELK.
MELK, maternal embryonic leucine zipper kinase; SOX2, SRY-box 2.

Knockdown of MELK decreases a series of TFs of SOX2.
To investigate a mechanism for SOX2 downregulation by
MELK inhibition, possible TFs of SOX2 were examined.
SOX2 expression is reported to be exquisitely controlled
in mammals and it may be regulated by a large number of
TFs, including serine racemase 1 (SRR1) and SRR2 and
forkhead box O1 (35). Therefore, a promoter-binding TF
profiling assay was performed to screen TFs that could bind
to the promoter region of SOX2 in HN13 cells. In the assay,
the synthesized DNA corresponding to a SOX2 promoter
region was mixed with a set of 96 biotin-labelled oligonucle-
otides corresponding to 96 TFs along with nuclear extract
of cells. When the SOX2 promoter DNA competes with the
biotin-labelled oligonucleotide for the binding to TFs in the
nuclear extract, it causes no or reduced detection of lumi-
nescent signals when the TF plate hybridized with eluted
probes. The decreasing fold of luminescent signals with or
without the SOX2 promoter DNA fragment was calculated
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Figure 5. SOX2 TFs analysis. (A) Screening of SOX2 TFs. Red bars represent TFs that could bind to a SOX2 promoter region sequence. (B) Reverse tran-
scription-quantitative polymerase chain reaction results of SOX2 TF candidates following MELK inhibition. "P<0.05, “P<0.01, ““P<0.001, compared with the
corresponding value of the siControl group. siRNA, small interfering RNA; MELK, maternal embryonic leucine zipper kinase; TF, transcription factor; SOX2,
SRY-box 2; C/EBP, CCAAT enhancer binding protein; SMUC, snail family transcription repressor 3.

and TFs with a greater decreasing fold (>0.7) were selected.
CCAAT enhancer binding protein (C/EBP), Pbx1, Nkx2.5,
snail family transcription repressor 3 (SMUC), SOX2 and
SOX9 were considered to bind strongly to the SOX2 promoter
region in the cancer cells examined (Fig. 5A). RT-qPCR
was then performed to quantify the expression levels of TF
candidates in MELK-knockdown cells and the control cells,
and it was determined that following knockdown of MELK in
HN13 cells, SOX2 was downregulated to 0.34+0.06 (P<0.01),
compared with the siControl group (1+0.17); C/EBP A
was downregulated to 0.39+0.02 (P<0.001), compared
with the siControl group (1+0.05); C/EBP B was down-
regulated to 0.58+0.04 (P<0.01), compared with the siControl
group (1+0.09); Pbx1 was downregulated to 0.79+0.08 (P<0.01),
compared with the siControl group (1+0.06); Nkx2.5 was
downregulated to 0.78+0.09 (P>0.05), compared with
the siControl group (1+0.08); and SMUC were down-
regulated to 0.65+0.02 (P<0.05), compared with the
siControl group (1+0.12). In UT-SCC-40 cells, SOX2 was
downregulated to 0.57+0.09 (P<0.05), compared with the
siControl group (1+0.16); C/EBP A was downregulated to
0.45+0.07 (P<0.01),compared with the siControl group (1+0.07);
C/EBP B was downregulated to 0.71+0.06 (P<0.05), compared

with the siControl group (1+0.06); Pbx1 was downregulated to
0.90+0.08 (P<0.05),compared withthesiControl group (1+0.08);
Nkx2.5 was downregulated to 0.65+0.03 (P<0.001), compared
with the siControl group (1+0.03); and SMUC were down-
regulated to 0.48+0.12 (P<0.05) compared with the siControl
group (1+0.01). (Fig. 5B). However, SOX9 expression was
significantly increased in the cells, compared with the control
cells (P<0.001 in HN13, P<0.01 in UT-SCCA40).

Discussion

It was previously reported that MELK could be a promising
target for cancer therapy and developed its potent inhibitor,
OTS167, which could effectively suppress MELK activity
and inhibit the phosphorylation of various MELK substrates,
including B-cell lymphoma 2 like 14, cell division cycle 25B,
mitogen-activated protein kinase kinase kinase 5 and zinc
finger protein 622 (4,5). It has to date been identified that
OTS167 exhibited significant suppressive effects on various
cancer cell lines, including breast cancer, kidney cancer, small
cell lung cancer (SCLC) and multiple myeloma (4,5,29,31-33).
Additionally, it was demonstrated that OTS167 could target
CSCs and suppress the mammosphere formation of cancer
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stem-like cells (4,5). In a number of SCLC cell lines, it was
determined that OTS167 treatment could induce cytokinetic
defects with intercellular bridges and the formation of neuronal
protrusions accompanied with an increase of a neuronal differ-
entiation markerx (cycle of differentiation 56), indicating that
this compound may induce differentiation of cancer stem-like
cells to neuron-like cells (33).

In the present study, it was demonstrated that HNSCC cells
with increased MELK expression had an improved ability to
produce large spheres under the serum-free conditions. It was
then revealed that MELK inhibition by siRNA and OTS167
could significantly downregulate SOX2 expression in HNSCC
cells and it was determined that the expression levels of a set
of SOX2 transcriptional factors were decreased following
MELK inhibition. This indicated that OTS167 may target
CSCs through the downregulation of SOX2. Notably, it was
previously reported in a breast cancer MDA-MB-231 cell line,
which has undifferentiated, cancer stem-like characteristics,
that snail family transcriptional repressor 2 (Slug), a CSC
marker, was determined to be reduced with OTS167 treatment
in a dose-dependent manner (5). Slug expression increased
SOX2 and Nanog expression and promoted the progression of
hepatocellular cancer. Knockdown of Slug with siRNA notably
reduced SOX2 and Nanog expression and resulted in inhibi-
tion of hepatocellular carcinoma cell migration in vitro (36).
These data indicated that there may be an association between
MELK, Slug and SOX2.

However, the present study has a number of limitations,
which should be addressed in the future. First of all, although
it was demonstrated that MELK inhibition affected the expres-
sion levels of transcriptional factors for SOX2, the detailed
mechanism was not clarified. It would be beneficial to examine
the TF profiles with a chromatin immunoprecipitation assay to
further define the SOX2 TFs in these cell lines. The commercial
phosphorylated (p)-SOX2 or p-histone generally only targets a
number of specific sites of the proteins. However, in the present
study, there was no information available regarding the sites of
SOX2 that could be phosphorylated by MELK. Phosphorylation
frequently occurs at Ser/Thr or Tyr sites; therefore, the universal
antibody (anti-phospho-Ser/Thr/Tyr antibody) was used to
include as many phosphorylation sites as possible. Furthermore,
additional analyses regarding how MELK inhibition would
affect the stemness, migration and invasion of these cancer cells
should also be performed to obtain comprehensive information
for the clinical application of OTS167.

Although further investigation is necessary, the present
data demonstrates that MELK inhibition could target cancer
stemness through the suppression of SOX2 expression. It was
reported that partial suppression of SOX2 expression reduced
the cell viability, sphere formation, clonal growth as well as
tumorigenicity in multiple cancer types, including glioblas-
toma, small-cell lung cancer and numerous forms of squamous
cell carcinoma (37-39). Considering the ability to target CSCs
as well as cancer cells, the MELK inhibitor may be a prom-
ising drug in clinical applications for HNSCC.
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