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Abstract: Laryngeal squamous cell carcinoma (LSCC) is the main type of human laryngeal cancer which is one
of the most common malignant head and neck tumors and the outcomes of LSCC patients are always poor. The
intrinsic molecular mechanisms in initiation, development, growth and metastasis of LSCC remain unclear. Further
researches are necessary and urgent. In this article, we examined artemin (ARTN) promoted both cell proliferation
and metastasis of human LSCC cells Hep-2 by siRNA mediated ARTN knocking down using MTT assay, cell migra-
tion assay and cell invasion assay. Moreover, we examined the expression level of ARTN in LSCC tissues was much
higher than that in benign laryngeal polyp tissues. In addition, ARTN was identified as a direct target of miR-223
and miR-223 suppressed the expression of ARTN in LSCC cells. Supplement to our former study, we demonstrated
ARTN was oncogenic both in vitro and in clinical tissues. As a result, ARTN could be used as a potential therapeutic

target for human LSCC.
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Introduction

Laryngeal cancer is one of the most common
head and neck malignancies worldwide, and is
considered as the most common throat malig-
nancy in China [1, 2]. Laryngeal squamous cell
carcinoma (LSCC) accounts for more than 90%
of laryngeal cancers diagnosed [2, 3]. Tradi-
tional treatment for LSCC is surgery, chemo-
therapy and radiotherapy, but the rate of recur-
rence and metastasis remains high for patients
with advanced LSCC [2, 4]. Lack of efficient
molecular markers suppresses development of
targeted therapy for LSCC. Further study for
molecular mechanisms in initiation, develop-
ment, growth and metastasis of LSCC will be
helpful to develop new methods for diagnosis
and therapy of LSCC.

Artemin (ARTN) belongs to glial cell line-derived
neurotrophic factor (GDNF) family ligands (GFL)
and is a potent neurotrophic factors [5, 6].
Molecular pathways involved in the downst-
ream of ARTN is GFRa3 and receptor tyrosine
kinase RET signaling [5, 7]. As reported pre-

viously, ARTN promoted cell proliferation and
metastasis in human breast cancer, endome-
trial carcinoma, non-small cell lung carcinoma,
esophageal carcinoma, pancreatic cancer, and
hepatocellular carcinoma [5-10]. Moreover, hi-
gh expression levels of ARTN in these kinds of
human cancers were correlated with poor sur-
vival of patients [5-10]. In our previous study,
we reported ARTN and its receptor GFRal were
positively associated with worse clinicopatho-
logical parameters in 76 clinical LSCC tissues
[11]. But the exact role of ARTN in human LSCC
cells was still unclear.

In this article, we performed systematical ex-
periments to examine the role of ARTN in
human LSCC cells. With depressed expression
of ARTN using siRNA method, LSCC cells Hep-2
showed decreased cell viability, cell migration
and cell invasion as determined by MTT assay,
cell migration assay and cell invasion assay.
Moreover, the expression level of ARTN in LSCC
tissues was much higher than that in benign
laryngeal polyp tissues, which was concordant
with our pervious study [11]. Furthermore, we
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Plasmid constructs and
transfection

Luciferase reporter plasmid
PsiCHECK2 was used in this
study. We cloned human AR-
TN 3'UTR sequence into Psi-
CHECK2 and designated it as
PsiCHECK2-ARTN 3’-UTR. Pla-
smid transfection and co-
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Figure 1. ARTN promoted proliferation and metastasis of human LSCC cells.
A: mRNA level of ARTN was examined after transfected with ARTN siRNA or
negative control siRNA in Hep-2 cells using RT-qPCR. B: MTT assay. C: Cell mi-
gration assay and invasion assay were carried out in Hep-2 cells after trans-
fected with ARTN siRNA or negative control siRNA respectively. *, P<0.01.

examined miR-223 directly targeted ARTN and
negatively regulated the expression of ARTN.
As a result, ARTN promoted cell proliferation
and metastasis of human LSCC cells. ARTN
could be used as a new potential biomarker for
diagnosis and therapy of human LSCC.

Materials and methods
Cell lines and cell culture

Human LSCC cells Hep-2 was used in this st-
udy, which was obtained from the American
Type Culture Collection (ATCC) (Rockville, MD).
As recommended, Hep-2 cells was cultured in a
humidified incubator at 37°C and 5% CO,,.

RNA oligonucleotides transfection

ARTN siRNA/negative control siRNA, miR-223
mimics/negative control miRNA mimics and
miR-223 ASO/negative control miRNA ASO
were synthesized by GenePharma (Shanghai,
China). As recommended and described previ-
ously, RNA oligonucleotides transfection were
carried out using lip2000 (QIAGEN) [12].
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transfection with plasmid and
miRNA mimics were perform-
ed using lip2000 (QIAGEN) as
described previously [12].

Cell oncogenicity assays

Celloncogenicity assays con-
taining 3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay, cell mi-
gration assay and cell inva-
sion assay were performed in
this study to evaluate the role
of ARTN in human LSCC cells
Hep-2 and were all carried out
essentially as described pre-
viously [12]. In MTT assay,
cells (2000 per well) were
plated in 96-well plates and
were tested after 24 hours, 48 hours, 72 hours,
96 hours and 120 hours; cell growth curves
were analyzed. Cell migration assay and cell
invasion assay were carried out using tran-
swellchambers. In cell migration assay, 100000
cells per well were plated and were tested after
18 hours; in cell invasion assay, 500000 cells
per well were plated and were tested after 30
hours.

RT-Quantitative PCR (RT-qPCR)

RT-Quantitative PCR (RT-gPCR) was essentially
performed as described in previous studies
[12, 13]. We determined mRNA levels of ARTN
in human LSCC cells Hep-2 transfected with
ARTN siRNA/negative control siRNA, miR-223
mimics/negative control miRNA mimics, miR-
223 ASO/negative control miRNA ASO and in
human LSCC tissues/benign laryngeal polyp
tissues. GAPDH was used as a control.

Clinical tissue samples

We collected 16 fresh LSCC tissues and 14
fresh benign polyp tissues from patients who
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Figure 2. Expression levels of ARTN in LSCC tissues
and benign laryngeal polyp tissues. mRNA levels of
ARTN in 16 LSCC tissues and 14 benign laryngeal
polyp tissues from patients were examined using RT-
gPCR. *, P<0.01.

underwent surgery between 2012 and 2015 at
the First Affiliated Hospital of Anhui Medical
University (Hefei, Anhui, China). All of the pa-
tients approved the use of their tissues for sci-
entific research and we have got the approval
of the Institutional Review Board of the First
Affiliated Hospital of Anhui Medical University
for this study.

Luciferase reporter assay

For luciferase reporter assay, we used Dual
Luciferase Reporter Assay System (Promega
Corp.) to test the Renilla luciferase activity as
described earlier [12]. Firefly luciferase activity
was also tested as a reference control.

Statistics

At least three independent replicated experi-
ments were carried out for each assay. The
variances were analyzed in this study using
unpaired two-tailed t test. P<0.05 was consid-
ered as statistically significant.

Results

ARTN promoted proliferation and metastasis
of human LSCC cells

To evaluate the role of ARTN in human LSCC
cells, Hep-2 cells were transfected with ARTN
siRNA or negative control siRNA. Compared
with negative control siRNA, ARTN-siRNA sig-
nificantly decreased the mRNA level of ARTN in
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Hep-2 cells (Figure 1A). As shown in Figure 1B,
cell viability decreased dramatically over a
period of 120 hours after transfected with
ARTN-siRNA compared with negative control
siRNA. Moreover, both cell migration and inva-
sion decreased significantly in Hep-2 cells with
depressed expression of ARTN compared with
negative control respectively (Figure 1C). Th-
erefore, ARTN promoted both proliferation and
metastasis of human LSCC cells.

Expression levels of ARTN in LSCC tissues and
benign laryngeal polyp tissues

To evaluate the expression levels of ARTN in
tissues from patients with laryngeal neoplasm,
we collected 16 LSCC tissues and 14 benign
polyp tissues and examined the mRNA level of
ARTN using RT-qPCR. As shown in Figure 2, the
expression level of ARTN was dramatically high-
er in LSCC tissues compared with benign laryn-
geal polyp tissues (P<0.01).

ARTN was a direct target of miR-223

For further study, we used online software
Target Scanto search for potential miRNAs that
directly targeted and regulated ARTN in human
LSCC cells. MiR-223 was found to be a candi-
date miRNA that could directly target ARTN,
and the miR-223-binding site with the 3’-UTR of
ARTN mRNA was 5-GUCAGUU-3’ (Figure 3A).
QRT-PCR analysis showed that forced expres-
sion of miR-223 significantly suppressed the
mRNA level of ARTN; depressed expression of
miR-223 with ASO significantly increased the
mRNA level of ARTN (Figure 3B). Furthermore,
luciferase reporter assay was performed to
evaluate the interaction of miR-223 and ARTN.
When co-transfected with luciferase reporter
plasmid PsiCHECK2-ARTN 3’-UTR and miR-223
mimics in Hep-2 cells, the luciferase activity
was dramatically decreased compared with co-
transfected with negative control miRNA mim-
ics/PsiCHECK2 vector, negative control miRNA
mimics/PsiCHECK2-ARTN 3’-UTR or miR-223
mimics/PsiCHECK2 vector respectively (Figure
3C). Therefore, miR-223 directly targeted and
regulated ARTN.

Discussion
LSCC was the main type of human laryngeal

cancer, which was one of the most common
fatal diseases in human head and neck. De-
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Figure 3. ARTN was a direct target of miR-223. A. Predicted consequential pairing of miR-223 and the 3'UTR of
ARTN. B. mRNA levels of ARTN were examined after transfected with miR-223 mimics/negative control miRNA mim-
ics and miR-223 ASO/negative control miRNA ASO in Hep-2 cells using RT-gPCR. C. Luciferase assay of Hep-2 cells
cotransfected with miR-223 mimics/negative control miRNA mimics, and luciferase reporter plasmid PsiCHECK2
containing ARTN 3’'UTR (PsiCHECK2-ARTN 3’UTR)/PsiCHECK2 vector. *, P<0.01.

spite of progresses in diagnosis and therapy
methods for human LSCC, the survival rate of
patients with advanced LSCC remained low [2,
4]. As reported previously, many genes contrib-
uted to the development and progress of LSCC,
such as ETS-1, SOX 1, SOX 2, IGF1R, HOXA9
etc. [14-17]. Herein, we reported ARTN promot-
ed both proliferation and metastasis of human
LSCC cells. The expression level of ARTN in
LSCC tissues was much higher than that in
benign laryngeal polyp tissues. As reported in
our former article, 53.9% of LSCC tissues were
positive for ARTN whilst only 26.9% of benign
laryngeal polyp tissues were positive for ARTN
[11]. Moreover, high expression level of ARTN
was correlated with advanced pTNM stage,
lower five-year RFS (relapse-free survival) or OS
(overall survival) in patients with LSCC [11].
These data was concordant with our present
data. As a result, ARTN was oncogenic for
human LSCC.
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As reported previously, ARTN increased cell
survival, cell migration, cell invasion, cell an-
chorage-independent growth and tumor xeno-
graft growth in human breast cancer; the
expression level of ARTN was much higher in
breast cancer tissues compared with normal
breast tissues [5]. Moreover, ARTN was est-
rogen regulated and promoted antiestrogen
resistance in ER positive breast cancer by regu-
lating the downstream gene BCL-2 [18]. In ER
negative breast cancer, ARTN also contributed
to tumor metastasis and poor survival outcome
in patients by regulating the downstream gene
TWIST1 [19]. Furthermore, ARTN also contrib-
uted to radio-resistance, chemo-resistance
and trastuzumab-resistance in human breast
cancer by promoting TWIST1-BCL-2-dependent
cancer stem cell like behavior [20, 21]. In other
types of human cancers including endometrial
carcinoma, non-small cell lung carcinoma,
esophageal carcinoma, pancreatic cancer, and
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hepatocellular carcinoma, ARTN also acted as
a tumor promoter [6-10]. Herein, we examined
that ARTN was oncogenic in human LSCC.
Therefore, ARTN was a widely important onco-
gene in nearly all kinds of human cancers.

We examined miR-223 directly targeted ARTN
and suppressed the expression of ARTN in
LSCC cells. Li S et al demonstrated that miR-
223 suppressed cell migration and invasion by
directly targeted ARTN in human esophageal
carcinoma [9]. MiR-223 was also reported to
suppress cell proliferation and enhance cell
apoptosis in human acute myeloid leukemia
[22]. However, miR-223 promoted cell growth
and invasion in human pancreatic cancer [23];
miR-223 promoted tumor progression of hu-
man lung cancer [24]. Therefore, miR-223
could function as either an oncogene or a
tumor suppressor gene. MiR-223 showed tis-
sue specificity in different human cancers [25].
The exact role of miR-223 in human LSCC
remained unclear, which will be well studied in
our future work.

In a word, this study systematically examined
the role of ARTN in human LSCC cells. Sup-
plement to our former tissue results, we dem-
onstrated ARTN promoted cell proliferation and
metastasis of LSCC cells in vitro, and ARTN was
dramatically associated with clinicopathologi-
cal parameters and survival rate of patients
with LSCC. As an oncogene, ARTN could be
used as a potential therapeutic target for
human LSCC.
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