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Abstract. - OBJECTIVE: The morbidity and
mortality of laryngeal cancer are increasing
rapidly, seriously threatening human health.
There are several causes of laryngeal cancer,
but the exact molecular mechanism is unclear.
Finding the molecular targets of laryngeal can-
cer has become an emerging hot spot. Ne-
mo-like kinase (NLK) is abnormally expressed
in tumors, but its role in laryngeal cancer has
not been reported.

PATIENTS AND METHODS: Real Time PCR
and Western blot were used to detect NLK mR-
NA and protein expression in cancer tissues and
adjacent tissues of laryngeal cancer patients.
The laryngeal carcinoma cell line Hep-2 cells
were cultured in vitro and randomly divided into
three groups: control group, NC group, and NLK
siRNA group followed by the analysis of cell
proliferation by MTT assay, Caspase3 activity,
and cell invasion by the transwell chamber.
MMP-9 and CDCP1 expression was measured
by Western blot.

RESULTS: NLK mRNA and protein expression
was significantly increased in laryngeal carcino-
ma tissues compared with those in adjacent tis-
sues (p<0.05). NLK siRNA transfection into Hep-2
cells significantly down-regulated NLK expres-
sion, inhibited Hep-2 cell proliferation and inva-
sion, increased Caspase-3 activity with statistical
differences compared to control group (p<0.05).
Down-regulation of NLK expression in Hep-2 cells
inhibited MMP-9 expression and decreased CDCP1
expression.

CONCLUSIONS: NLK is expressed in tumor
tissues of patients with laryngeal cancer. The
down-regulation of NLK expression may play a
role in the proliferation, apoptosis, and invasion
of laryngeal carcinoma cells and it is possible by
regulating MMP-9 and CDCP1 expression.
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Introduction

Throat squamous cell carcinoma (LSCC), a
common malignant tumor in the otolaryngology
department, is also known as laryngeal cancer.
It is a highly dangerous malignant tumor with
a high incidence and mortality rate, which re-
presents a serious threat to human health!?. The
population of laryngeal cancer is mainly midd-
le-aged and elderly, with male patients being pre-
dominant®. Due to changes in people's habits and
lifestyle, several pathogenic factors of laryngeal
cancer have been identified, such as genetic fac-
tors, eating habits, smoking, drinking, viral in-
fections, etc. These cause an increase of laryngeal
cancer patients year by year, accounting for about
5% of new tumors worldwide**. Laryngeal can-
cer is a multi-gene hereditary disease involving
several factors, but its exact mechanism remains
poorly understood. The early symptoms of laryn-
geal cancer are not significant, and most of them
are hoarseness, difficulty in breathing, cough,
difficulty in swallowing, lymph node metastasis
in the neck, etc. Symptoms are significantly dif-
ferent according to the different tumor sites, lea-
ding to poor prognosis of patients in the middle
and late stages®’. Although the current treatment
for laryngeal cancer is mainly surgery in combi-
nation with adjuvant radiotherapy and chemothe-
rapy, including immunotherapy, individualized
treatment, etc., the current treatment efficacy has
not been significantly improved, without impro-
ving the prognosis, leading to low survival rate
and increased postoperative complications such
as cough and loss of sound. In addition, due to
the prone tumor metastasis, the patient's recurren-
ce rate is high, seriously affecting the quality of
life of patients, bringing greater pressure on the
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social economy®’. Tumor invasion and metastasis
are important causes of laryngeal cancer recur-
rence. Also, they are an important cause of incre-
ased mortality in patients with laryngeal cancer'.
Therefore, finding and clarifying the molecular
targets of the incidence and development of laryn-
geal cancer will be conducive to tumor treatment
and inhibit the metastasis of laryngeal cancer.

Nemo-like kinase (NLK), a member of the
silk/threonine protein kinase family, is highly
conserved and can be widely expressed in many
tissues and organs of the body, participating in
embryonic development, bone formation and
growth, as well as in cells apoptosis, prolifera-
tion, differentiation, and metabolism!*'2. The
abnormal expression of NLK is involved in the
incidence and development of various diseases
such as inflammation, tumor, and cardiovascular
disorders'*'*. NLK plays a biphasic role in tumors
and in suppressing tumors mainly as a tumor sup-
pressor in prostate cancer, ovarian cancer, breast
cancer, and colorectal cancer. Whereas, it plays
a role in promoting tumor progression in liver
cancer, gallbladder cancer, and oral squamous
cell carcinoma'>'%, However, the role and related
mechanisms of NLK in laryngeal cancer have not
been fully elucidated.

Patients and Methods

Patients

Clinical data and tissue samples from 52 pa-
tients (average age: 51.8 £ 5.5 years old; ranging
39-63) with laryngeal squamous cell carcinoma
confirmed by histopathological examination from
January 2018 to December 2018 were selected. All
patients were treated with surgery. Inclusion and
exclusion criteria included': inclusion criteria in-
cluded the first-time diagnosis of laryngeal cancer
patients, first surgery, no chemotherapy, radiothe-
rapy, etc. before surgery; exclusion criteria inclu-
ded recurrent laryngeal cancer; previous surgical
treatment; previous radiation or chemotherapy
treatment; complicated with other diseases such
as infectious diseases, malignant tumors, severe
diabetes, and other organ-depleting diseases, sy-
stemic immune diseases, and malignant tumor
complications. Tumor tissue and adjacent tumor
tissues (=3 cm around the tumor tissue) were col-
lected during surgery and stored in liquid nitro-
gen. The research was approved by the Medical
Ethics Committee of the hospital. Informed con-
sent was obtained from all the selected subjects.

Reagents and Equipment

The laryngeal cancer cell line Hep-2 cell line
(product number: HB-8065) was purchased from
the American Type Culture Collection (ATCC)
cell bank of the United States (Manassas, VA,
USA). Dulbecco’s Modified Eagle’s Medium
(DMEM) medium, fetal bovine serum (FBS),
green and chain double antibody were purchased
from Hyclone (San Angelo, TX, USA). Dimethyl
sulfoxide (DMSO), 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2-H-tetrazolium bromide, Thiazolyl
Blue Tetrazolium Bromide (MTT) powder were
purchased from Gibco (Great Island, NY, USA);
trypsin-EDTA digest was purchased from Sig-
ma-Aldrich (St. Louis, MO, USA). polyvinylide-
ne difluoride (PVDF) membrane was purchased
from Pall Life Sciences (Port Washington, NY,
USA), Western blot related chemical reagent was
purchased from Shanghai Biyuntian Biotechnolo-
gy Co., Ltd. (Shanghai, China), enhanced chemi-
luminescence (ECL) reagent was purchased from
Amersham Biosciences (Pittsburgh, PA, USA),
rabbit anti-human NLK monoclonal antibody,
rabbit anti-human matrix metalloprotein (MMP)
-9 monoclonal antibody, rabbit anti- Human CUB
domain-containing protein-1 (CDCPI) mono-
clonal antibody, goat anti-rabbit horseradish pe-
roxidase (HRP) labeled IgG secondary antibody
was purchased from Cell Signaling Corporation
(Danvers, MA, USA). The RNA extraction kit
and the reverse transcription kit were purchased
from Axygen (Union City, CA, USA). The Ca-
spase-3 activity assay kit was purchased from
R&D (Minneapolis, MN, USA). The Labsystem
Version 1.3.1 microplate reader was purchased
from Bio-Rad Corporation (Hercules, CA, USA).
The ABI 7700 Fast Quantitative PCR Reactor
was purchased from ABI (Waltham, MA, USA).
The ultra-clean workbench was purchased from
Suzhou Sutai Purification Equipment Engine-
ering Co., Ltd (Suzhou, China). The transwell
chamber was purchased from Corning (Corning,
NY, USA). The DNA amplification instrument
was purchased from the US PE Gene Amp PCR
System 2400. Other commonly used reagents
were purchased from Shanghai Shenggong Biolo-
gical Co., Ltd (Shanghai, China).

Hep-2 Cell Culture and Grouping

The liquid nitrogen-preserved Hep-2 cells
were resuscitated and passaged, and then inocu-
lated in a culture dish at a density of 1x107 cells/
cm? in culture medium including 10% FBS, 90%
high glucose DMEM medium (containing 100 U/
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ml penicillin, 100 pg/ml streptomycin) at 37°C
with 5% CO2. Cells were randomly divided into 3
groups, control group, normal control (NC) group
(transfection of NLK negative control) and NLK
siRNA group (transfection of NLK siRNA).

Transfection of NLK siRNA into Hep-2
Cells

NLK siRNA and siRNA negative controls
were transfected into Hep-2 cells. The NLK siR-
NA sequence was 5-CGCGTCCCCGCAAGAG-
GCTAGGCT-3" The siRNA-NC sequence was
5'-CAAAGCAAGATTAGTACCTGGACC-3'".
The cell density was fused to 70-80% in a 6-well
plate. NLK siRNA and siRNA-NC negative con-
trol liposomes were separately added into 200 ul
of serum-free DMEM medium, mixed well, and
incubated at room temperature for 15 min. The
mixed lipo2000 was separately mixed with the
corresponding dilution and incubated for 30 min at
room temperature followed by removal of serum,
rinsing with phosphate-buffered saline (PBS), and
subsequent addition of 1.6 mL serum-free DMEM
medium. After culture in a 5% CO2 incubator at
37°C for 6 h, the ssrum DMEM medium was re-
placed and cultured for 48 h for experiments.

Real Time-PCR Detection
of NLK mRNA Expression

The laryngeal cancer tumor tissues and adja-
cent tissues and the Hep-2 tumor cell mRNAs of
each group were extracted using TRIzol reagent
and reversely transcripted into cDNA according to
the kit instructions. The primers were designed ac-
cording to each gene sequence by Primer Premier
6.0 and synthesized by Shanghai Yingjun Biotech-
nology Co., Ltd. (Table I). Real Time PCR was per-
formed with the conditions as follows: 55°C 1 min,
92°C 30 s, 58-60°C 45 s, 72°C 35 s, a total of 35
cycles. Glyceraldehyde 3-phosphate dehydrogena-
se (GAPDH) was used as a reference. According to
the fluorescence quantification, starting cycle num-
ber (CT) of all samples and standards was calcu-
lated. Based on the standard CT value, a standard
curve was drawn, and then the semi-quantitative
analysis was carried out using the 24 method.

Table I. Primer sequences for real-time PCR.

MTT Assay Analysis of the Growth
of Hep-2 Cells

The log phase-grown Hep-2 cells were dige-
sted and counted, and seeded into 96-well plates
at 3000 cells/well. They were randomly divided
into 3 groups and each group was treated for 48
h followed by addition of 20 ul MTT solution (5
g/L) into each well and subsequent culture for 4
h. After complete removal of the supernatant, di-
methyl sulfoxide (DMSO;150 pl/well) was added
followed by shake for 10 min until the purple cry-
stals were fully dissolved. The absorbance value
was measured at a wavelength of 570 nm, and the
cell proliferation rate was calculated.

Caspase 3 Activity Assay

The changes in Caspase3 activity were exa-
mined according to the kit instructions. Trypsin
digested cells were centrifuged at 600 g at 4°C
for 5 min, followed by discarding the supernatant
and placing the cell lysate on ice for 15 min. After
centrifuging at 20000 g at 4°C for 5 min, 2 mM
Ac-DEVD-pNA was added and the OD value was
measured at a wavelength of 405 nm.

Transwell Chamber Analysis
of Cell Invasion

According to the kit instructions, 200 pl of
serum-free DMEM medium was replaced. After
24 h, the bottom and membrane upper chamber
of the transwell chamber was coated with a 1:5
50 mg/L Matrigel dilution and air dried at 4°C.
100 pl of tumor cell suspension prepared by ad-
ding 500 pl 10% FBS DMEM medium and 200
pl serum-free DMEM medium was added into
the inside and outside the chamber, respecti-
vely with 3 replicate wells in each group and
the chamber was placed in a 24-well plate. Each
control group was cultured in a transwell cham-
ber without Matrigel. After 48 h of culture, the
transwell chamber was washed with PBS, the
cells on the membrane were removed, fixed in
ice-ethanol. After staining with crystal violet,
the cells in the lower layer of the microporous
membrane were counted. The experiment was
repeated three times.

Gene Forward 5°-3’ Reverse 5°-3’
GAPDH AGTAGTCACCTGTTGCTGG TAATACGGAGACCTGTCTGGT
NLK ATAATGACTCCGGTCCATGG TCAAGC ACCGT ACCGGTA
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Western Blot

Radioimmunoprecipitation (RIPA) lysis buffer
was added into tissues or cells followed by being lysed
on ice for 15-30 min, the cells were disrupted by soni-
cation for 5 s x 4 times, centrifuged at 4°C at 10 000
x g for 15 min, and the supernatant was transferred
to a new Eppendorf (EP) tube (Hamburg, Germany).
The extracted protein was quantified using the bicin-
choninic acid (BCA) method and stored at —20°C for
Western blot analysis. The isolated protein was sepa-
rated on a 10% sodium dodecyl sulphate-polyacryla-
mide gel electrophoresis (SDS-PAGE) transferred to a
PVDF membrane by semi-dry transfer, 100 mA, 1.5
h, and blocked with 5% skim milk powder for 2 h.
NLK (1:1000), MMP-9 (1:1000), and CDCP1 (1:1500)
mAb diluted in different ratios were incubated with
the membrane at 4°C overnight. After washing with
PBST, the corresponding secondary antibodies dilu-
ted in different proportions were added, incubated for
30 min, washed with PBST, and developed by che-
miluminescence for 1 min. X-ray exposure imaging
was performed to observe the results. X-film and strip
density measurements were separately scanned using
protein image processing system software and Quan-
tity one software. The experiment was repeated four
times.

Statistical Analysis

All data are expressed as mean + standard devia-
tion (SD) and processed using SPSS 11.5 statistical
software. The mean values of the two groups were
compared by the Student’s #-test and the differen-
ces between groups were analyzed by analysis of
variance (ANOVA) with Bonferroni as Post-Hoc
analysis. p<0.05 indicated a statistical difference.

Results

NLK Expression in Laryngeal Cancer

Real Time PCR and Western blot were used to
detect the expression of NLK mRNA and protein
in laryngeal squamous cell carcinoma. Results
showed that NLK mRNA expression was signifi-
cantly increased in tumor tissues compared with
adjacent tissues (p<0.05) (Figure 1A). Meanwhi-
le, NLK protein expression was also significantly
increased (Figure 1B).

Effect of NLK siRNA Transfection
on NLK Expression

NLK siRNA was transfected into Hep-2 cells
and the expression of NLK was detected. The re-
sults showed that compared with control group,
the expression of NLK mRNA in Hep-2 cells was
significantly decreased (p<0.05) (Figure 2A).
Consistently, NLK siRNA transfected into Hep-
2 cells significantly inhibited the expression of
NLK protein (Figure 2B).

Down-Regulation of NLK Expression
on Hep-2 Cell Proliferation

MTT assay was performed to evaluate the ef-
fect of NLK siRNA on Hep-2 cell proliferation
and showed that transfection of NLK siRNA for
48 h significantly inhibited the proliferation of
Hep-2 cells (p<0.05) (Figure 3). This result sug-
gests that the regulation of NLK has a significant
inhibitory effect on Hep-2 cell proliferation.
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Figure 1. NLK expression in laryngeal cancer. A, NLK mRNA expression in laryngeal carcinoma; Compared with adjacent
tissues, *p<0.05. B, Western blot analysis of NLK protein expression in laryngeal cancer.

6229



N. Shen, X.-H. Duan, X.-L. Wang, Q.-Y. Yang, Y. Feng, J.-X. Zhang

1.2 =
X
-
=z 1 =
e
)
s
‘» 0.8 =
172}
o
o
3 06 -
<
> L
1
€ 04 =
)
2
S 02 -
[0)
o
A 0

Control NC NLK siRNA

B-actin

Control NC

NLK siRNA

NLK

Figure 2. Effect of siRNA transfection on NLK expression in laryngeal carcinoma Hep-2 cells. A, Expression of NLK mRNA
in Hep-2 cells; Compared with the control group, *p<0.05. B, Western blot analysis of NLK protein expression in Hep-2 cells.

Effect of regulating NLK expression
on Caspase 3 activity

The effect of down-regulation of NLK expres-
sion on Caspase 3 activity in Hep-2 cells was de-
tected using Caspase 3 activity assay. The resul-
ts showed that transfection of NLK siRNA into
Hep-2 cells significantly increased Caspase 3
activity (p<0.05) (Figure 4).

Effect of Regulating NLK Expression
on Invasion of Hep-2Z Cells

Transwell chamber assays were performed to
assess the effects of NLK expression on Hep-2
cell invasion and found that transfection of NLK
siRNA into Hep-2 cells significantly inhibited the
invasion of Hep-2 cells (p<0.05) (Figure 5).

Effects of NLK expression on the
expression of MMP-9 and CDCP1

The effect of NLK on the expression of MMP-
9 and CDCPI in Hep-2 cells was detected by We-
stern blot. Transfection of NLK siRNA into Hep-
2 cells reduced MMP-9 and CDCP1 expression
(Figure 6).

Discussion

Early diagnosis of a tumor is conducive to the
treatment, but since the early clinical symptoms of
laryngeal cancer are not significant, early screening,
diagnosis, and early intervention are very difficult,
resulting in poor treatment of laryngeal cancer, se-
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Figure 3. Effect of NLK downregulation on proliferation
of Hep-2 cells. Compared with control group, *p<0.05.
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Figure 4. Effect of NLK downregulation on Caspase 3 ac-
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Figure 5. Effect of NLK downregulation on invasion of Hep-
2 cells. A, Representative image of transwell chamber assay
analysis of Hep-2 cell invasion. B, Quantification of the Hep-2
cell invasion. Compared with control group, *p<0.05.

riously affecting the prognosis of laryngeal cancer
patients. Therefore, an identification of the molecu-
lar targets for the development of laryngeal cancer
might be beneficial for early prevention and diagno-
sis and treatment of laryngeal cancer'™"”. NLK is wi-
dely distributed and belongs to one of the cell cycle
factors, playing a dual role in promoting or suppres-
sing cancer in different tumorigenesis and develop-
ment'>1°, NLK is closely related to the progression of
tumors and the abnormal expression of NLK in tu-
mors is an important marker for tumorigenesis and
might be used as an important indicator to evaluate
tumor prognosis®*?!. Therefore, this research first
analyzed the expression of NLK in laryngeal car-
cinoma and the results confirmed that NLK mRNA
and protein was increased in laryngeal carcinoma
tissue, suggesting that NLK might participate in the
regulation of laryngeal cancer. Furthermore, siRNA
technology was used to interfere with the expression
of NLK in laryngeal carcinoma cell line Hep-2 and
confirmed that down-regulation of NLK inhibits tu-
mor cell proliferation, promotes apoptosis, and inhi-
bits invasion, indicating that NLK plays a role in the
development of laryngeal carcinoma and it might be

Control NC NLK siRNA
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B-actin - E——— —

Figure 6. Effects of NLK downregulation on the expres-
sion of MMP-9 and CDCPI1 proteins in Hep-2 cells.

used as a potential molecular target for the develop-
ment and diagnosis of laryngeal cancer.

MMP is a family of metalloproteinases, which
can destroy the histological barrier of tumor cell
invasion by degrading various protein componen-
ts in the extracellular matrix, playing a key role in
tumor invasion and metastasis. MMP-9 is a key
member and can participate in the decomposing
extracellular matrix and promoting tumor neo-
vascularization’*. Therefore, the regulation of
MMP-9 has become one of the therapeutic targets
for inhibiting the progression of laryngeal cancer.
CDCP1 is expressed on a variety of cell surfaces
and belongs to the transmembrane glycoprotein
and its intracellular portion interacts with various
proteins in the cell**. Uekita et al*® have shown
that CDCP1 is expressed in a variety of tumor
cells such as lung cancer and is involved in the
regulation of tumor cell proliferation, growth,
survival, and angiogenesis. Also, it is associated
with tumor metastasis. This study showed that
down-regulation of NLK expression inhibited the
expression of MMP-9 and CDCPI1, suggesting
that the role of NLK in laryngeal cancer is closely
related to the regulation of MMP-9 and CDCP1
expression. However, the exact molecular mecha-
nism and specific targets of NLK in the regulation
of laryngeal cancer proliferation remains unclear
and requires further investigations to provide gui-
dance on the clinical selection of molecular tar-
gets for the treatment of laryngeal cancer.

Conclusions

We observed that NLK was expressed in tu-
mor tissues of patients with laryngeal cancer. The
down-regulation of NLK expression may play a
role in the proliferation, apoptosis, and invasion
of laryngeal carcinoma cells possibly by regula-
ting MMP-9 and CDCPI, indicating that NLK
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might be used as a potential molecular target for
laryngeal cancer treatment, which provides an
important theoretical reference for the diagnosis
and treatment of laryngeal cancer.
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