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Abstract

Objective: To explore whether dihydroartemisinin (DHA) can block interleukin (IL)-6-induced
epithelial-mesenchymal transition (EMT) in laryngeal squamous cell carcinoma (LSCC).
Methods: The expression of SLUG, signal transducer and activator of transcription 3 (STAT3),
and microRNA (miR)-130b-3p was measured. In addition, a dual-luciferase reporter assay was
performed to examine the interaction of miR-130b-3p with STAT3.

Results: We found that IL-6 can promote EMT and invasion in LSCC cells, whereas DHA can
inhibit these two processes. However, DHA alone does not influence EMT and cancer invasion.
Furthermore, DHA upregulated miR-130b-3p, which can downregulate STAT3 and f}-catenin
protein expression and decrease the activity of the IL-6/STAT3 signaling pathway. Moreover,
we found that miR-130b-3p can target STAT3 directly.

Conclusions: DHA can block IL-6-triggered EMT and invasion in LSCC, and during these pro-
cesses, DHA increases miR-130b-3p expression to decrease the activation of the IL-6/STAT3 and
p-catenin signaling pathways. These findings may provide new insights into strategies for sup-
pressing and even preventing LSCC metastasis.
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Introduction

Laryngeal cancer affects millions of people
worldwide, and the most common type is
laryngeal = squamous cell carcinoma
(LSCC). The risk factors for laryngeal
cancer include alcohol consumption, smok-
ing, and human papillomavirus infection.'
Current management options, depending
on the stage, include surgery, chemothera-
py. and radiotherapy.®® It has been
reported that 3.21% of patients have dis-
tant metastasis,® especially in the lungs
and brain. In addition, it was stated that
patients with laryngeal cancer and distant
metastasis have poorer prognosis, and the
3-year survival rate is estimated to be 30%.*
To date, many studies have revealed the
mechanisms of laryngeal cancer metastasis,
including epithelial-mesenchymal transi-
tion (EMT). During this process, cell-cell
adhesion and cellular polarity are lost, and
cancer cells obtain the ability to migrate
and invade.” There are multiple factors
that can induce EMT in cancer cells, such
as chemotherapy, hypoxia, and cytokines.
Of these factors, interleukin (IL)-6 has been
discovered to promote EMT in various can-
cers, including breast cancer,’ but its role in
laryngeal cancer has not been extensively
explored. However, one study found that
the serum concentration of I1L-6 in patients
with laryngeal cancer was much higher than
that in healthy individuals and that the
serum IL-6 concentration was positively
correlated with the progression of laryngeal
cancer.® Therefore, we hypothesized that

IL-6 may be involved in the progression
and metastasis of laryngeal cancer.

Dihydroartemisinin (DHA) is a deriva-
tive of artemisinin that is currently used to
treat malaria. Clinical and experimental
studies have found that the drug can allevi-
ate arthritis by suppressing inflammation.’
In addition, DHA downregulated IL-6 to
reduce inflammation in a rat arthritis
model.'® Apart from its anti-inflammatory
effects, DHA exerts anti-cancer effects. It
can induce apoptosis in leukemic cells via
Noxa-mediated pathways.!! Furthermore,
it can suppress the invasion, migration,
and growth of gastric cancer cells by
decreasing the activation of phosphoinosi-
tide 3-kinase/protein kinase B and Snail.'?
For these reasons, we aimed to determine
whether DHA can counteract IL-6-induced
EMT in laryngeal cancer.

DHA has been demonstrated to exert its
anti-inflammatory and anti-cancer effects
through microRNAs (miRNAs). For exam-
ple, DHA decreases inflammation in vascu-
lar smooth muscle cells by regulating the
miR-376b-3p/KLF15 pathway.!> DHA
also inhibits prostate cancer cells through
the Jumonji and AT-rich interactive
domain 2/miR-7/miR-34a-dependent
downregulation of AXL tyrosine receptor
kinase.'* Notably, miRNAs participate in
EMT in laryngeal cancer. For instance,
miR-217 can block EMT in laryngeal
cancer,”> whereas miR-10b can stimulate
EMT in laryngeal cancer.'® miR-130b-3p
is considered a tumor suppressor because
it can decrease growth, angiogenesis,
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migration, and invasion in cancer.'”'®

However, its role in EMT has rarely been
explored.

This study examined whether DHA can
counteract IL-6-induced EMT in laryngeal
cancer.

Materials and methods

Cells and cell culture

This study was approved by the Ethics
Committee of Bethune International Peace
Hospital (approval number: 2017-KY-02).
AMC-HN-8 and Tu2l12 cells were pur-
chased from the American Type Culture
Collection (Manassas, VA, USA) and cul-
tured in Dulbecco’s Modified Eagle’s
Medium (Sigma-Aldrich, St. Louis, MO,
USA) supplemented with 10% fetal
bovine serum (Gibco, Thermo Fischer
Scientific, Waltham, MA, USA). The cells
were cultured in an incubator with 5%
CO, at 37°C and used for experiments
when their confluence reached approxi-
mately 70%.

Cell viability assay

The viability of AMC-HN-8 and Tu2l2
cells was measured wusing the Cell
Counting Kit-8 (CCK-) assay
(MedChemExpress, Monmouth Junction,
NJ, USA). Briefly, the cells were seeded
into 96-well plates at a density of approxi-
mately 3 x 10* cells/well. Next, CCK-8 solu-
tion (10 uL) was added to each well, and the
plates were placed in an incubator (37°C)
for 1 hour. Finally, the absorbance of
each sample was determined at 450 nm.

Western blotting

The cells were lysed using radioimmunopre-
cipitation assay buffer on ice to extract the
total protein. The samples were placed onto
10% sodium dodecyl sulfate—polyacryl-
amide gel electrophoresis gels (Weiao

Biotechnology, Shanghai, China) and sub-
jected to electrophoresis. Next, the separat-
ed proteins in the gels were transferred onto
polyvinylidene fluoride membranes
(Thermo Fisher Scientific) and blocked
with 4%  bovine serum  albumin.
Thereafter, these membranes were incubat-
ed with primary antibodies at 4°C over-
night.  After incubation, the blots
were blocked with secondary antibodies at

24°C for 1 hour. The protein bands
were visualized with High-sig
Electrochemiluminescence Western
Blotting Substrate (Tenon, Shanghali,

China). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as the
endogenous control for the blots.

Reagents and antibodies

DHA was purchased from
MedChemExpress and dissolved in dimeth-
yl sulfoxide. Recombinant IL-6 protein was

purchased from Abcam  (ab208325;
Cambridge, UK). Primary antibodies
against E-cadherin  (1:1000; ab40772;
Abcam), SLUG  (1:1000; ab51772;

Abcam), Snail (1:1000; ab216347; Abcam),
signal transducer and activator of transcrip-
tion 3 (STATS3, 1:1000; ab68153; Abcam),
phosphorylated (p)-STAT3 (Ser727; 1:1000;
ab32143; Abcam), P-catenin (1:1000;
ab32572; Abcam), and GAPDH (1:1000;
ab8245; Abcam) were employed in this
research.

Reverse transcription real-time quantita-
tive polymerase chain reaction (RT-gPCR)

Total RNA was obtained from LSCC cells
using Trizol reagent (TaKaRa Bio, Shiga,
Japan). miRNA was extracted using a
Molpure Cell/Tissue miRNA Kit (Yeasen,
Shanghai, China). In addition, mRNA was
transcribed using SuperScript IV Reverse
Transcriptase (Invitrogen, Carlsbad, CA,
USA). miRNAs were transcribed using a
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Table I. Sequences of primers used in this study.

Gene Primer 5'—3’
SLUG F: TGTGACAAGGAATATGTGAGCC
R: TGAGCCCTCAGATTTGACCTG
STAT3 F: ATCACGCCTTCTACAGACTGC
R: CATCCTGGAGATTCTCTACCACT
miR-130b-3p F: CCCGACACTCTTTCCCTGT
R: GACCGATGCCCTTTCATCATTG
GAPDH F: GGAGCGAGATCCCTCCAAAAT
R: GGCTGTTGTCATACTTCTCATGG
ué F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT

F, forward primer; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; R, reverse
primer; STAT3, signal transducer and activator of transcription 3.

TagMan MicroRNA Reverse
Transcription  Kit  (Invitrogen). The
mRNA expression of genes in this research
was determined using a SYBR Premix Ex
Taq II kit (Tli RNase H Plus; TaKaRa
Bio). U6 small nucleolar RNA and
GAPDH were used as endogenous controls
for miR-130b-3p and the other genes,
respectively. The primers used in this
research are presented in Table 1.

Dual-luciferase reporter assay

When the cell confluence reached approxi-
mately 60%, cells cultured in 96-well plates
were transfected or co-transfected with
pGL3-STAT3-wild-type (WT) and pGL3-
STAT3-mutant (MUT) as well as negative
control (NC) mimics, miR-130b-3p mimics,
NC inhibitors, or miR-130b-3p inhibitors.
After 48 hours of transfection, luciferase
activity was determined according to the

manufacturer’s instructions (Promega,
Madison, WI, USA).

Transwell assay

The Transwell assay was used in this
research to evaluate invasion. Initially,
Matrigel (Corning, Corning, NY, USA)
was placed on top of the Transwell insert

filter membrane (Millipore, Burlington,
MA, USA) and incubated at 37°C for 30
minutes. Next, 100 uL of the cell suspension
(1x 10° cells/mL) were placed on the
Transwell insert filter membrane and
allowed to settle for 15 minutes. In the
meantime, 1L-6 (20 ng/mL) was added to
the bottom of the lower chamber. After 48
hours, the culture medium, Transwell
insert, and Matrigel on the filter membrane
were carefully removed. Thereafter, 70%
ethanol was added to each well, and the
Transwell insert was immersed into ethanol
for fixation. Crystal violet (0.2%) was
added to each well to stain the cells in the
filter membrane. Finally, after the crystal
violet solution was carefully removed, the
stained cells were visualized and numbered
under an inverted microscope.

Assessment of binding between
miR-130b-3p and STAT3

starBase (http://starbase.sysu.edu.cn) was
used to predict the possible binding
sequence  between miR-130b-3p and
STAT3. WT and MUT luciferase
constructs (pGL3-STAT3-WT and pGL3-
STAT3-MUT) were created. Next, AMC-
HN-8 and Tu212 cells were seeded in
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Figure |I. DHA downregulates the mRNA expression of SLUG in IL-6-treated LSCC cells. (a) SLUG
mRNA expression in cells following IL-6 stimulation. (b) Relative cell viability was examined using the CCK-
8 assay after AMC-HN-8 and Tu212 cells were treated with DHA. (c) SLUG mRNA expression in two LSCC
cell lines upon treatment with different DHA concentrations. NS, non-significant; *P < 0.05, **P < 0.01, and
###P < 0.001 versus the control group (0 ng/mL IL-6). NS, non-significant; *P < 0.05, **P < 0.01, and

##P < 0.001 versus the control group (0 ng/mL DHA).

CCK-8, Cell Counting Kit-8; DHA, dihydroartemisinin; IL-6, interleukin 6; LSCC, laryngeal squamous cell

carcinoma.

24-well plates at a density of 2 x 10° cells
per well. The cells were transfected with
pGL3-STAT3-WT or pGL3-STAT3-MUT
and then treated with an NC mimic, an
miR-130b-3p mimic, an NC inhibitor, or
an miR-130b-3p inhibitor. Next, luciferase
activity was examined using the Dual-
Luciferase® Reporter Assay System accord-
ing to the manufacturer’s instructions
(Promega, Madison, WI, USA).

Statistical analysis

Each experiment in this study was indepen-
dently performed five times, and all data
were analyzed using GraphPad Prism 8.0
software (GraphPad Software, San Diego,
CA, USA). Data are expressed as the mean-
+ standard deviation. The statistical signif-
icance between comparisons was assessed

using Student’s 7-test and one-way analysis
of variance followed by the Bonferroni post
hoc test. Two-tailed P <0.05 was consid-
ered statistically significant.

Results

IL-6 may upregulate SLUG mRNA
expression in LSCC cells

To determine the appropriate concentration
of IL-6 for inducing the EMT, we treated
cells with different 1L.-6 concentrations for
24 hours and assessed SLUG mRNA
expression using RT-qPCR because this
gene is involved in EMT and is regulated
by IL-6 via the STAT3 signaling path-
way.'”?® As presented in Figure la, IL-6
upregulated the mRNA  expression
of SLUG in LSCC wcells in a
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Figure 2. DHA inhibits EMT and invasion triggered by IL-6. (a) Western blots for E-cadherin, Snail, and
SLUG. (b) The Transwell assay was used examine the invasive properties of AMC-HN-8 and Tu212 cells
following different treatments. NS, non-significant; *P < 0.05, **P < 0.01, and ***P < 0.001 versus the control

group.

DHA, dihydroartemisinin; EMT, epithelial-mesenchymal transition; IL-6, interleukin 6.

concentration-dependent manner
(P <0.05), and at an IL-6 concentration of
20 ng/mL, SLUG mRNA expression was
increased significantly. For this reason, 20
ng/mL IL-6 was used in our experiments.
Next, the cells were treated with DHA for
24 hours, and cell viability was evaluated
using the CCK-8 assay. DHA decreased
cell viability in a concentration-dependent
manner (Figure 1b). After the concentra-
tion of IL-6 was determined, the cells were
treated with various DHA concentrations
for 24 hours to evaluate the effects on the
mRNA expression of SLUG. However,
DHA did not alter SLUG mRNA expres-
sion (Figure 1¢). Considering the cell viabil-
ity results and mRNA expression of SLUG,
30 uM DHA was used in our subsequent
experiments. These findings indicate that

IL-6 can induce EMT in LSCC, but DHA
alone may not inhibit this process.

DHA inhibits IL-6-induced EMT and
invasion in LSCC cells

LSCC cells were co-treated with IL-6 and
DHA for 24 hours. Following IL-6 treat-
ment, the cells displayed lower E-cadherin
expression but higher Snail and SLUG pro-
tein expression (Figure 2a). However, com-
pared with the findings for treatment with
IL-6 alone, E-cadherin protein expression
was much higher in the IL-6/DHA co-treat-
ment group, and both Snail and SLUG pro-
tein  expression was downregulated.
Therefore, DHA appears to block IL-6-
induced EMT in LSCC. In addition, the
Transwell assay was performed in our
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Figure 3. DHA upregulates miR-130b-3p expression in LSCC. (a) miR-130b-3p expression in LSCC cells
following DHA treatment. (b) miR-130b-3p expression level in LSCC cells following IL-6 treatment. (c) miR-
130b-3p expression in LSCC cells following IL-6/DHA co-treatment. *P < 0.05 and ***P < 0.001 versus the

control group.

DHA, dihydroartemisinin; IL-6, interleukin 6; LSCC, laryngeal squamous cell carcinoma.

research to evaluate cellular invasion. The
results illustrated that IL-6 increased the
invasiveness of these cells (P <0.001),
whereas DHA decreased 1L-6-triggered cel-
lular invasion (P < 0.05, Figure 2b). Thus,
we conclude that IL-6-induced EMT and
invasion in LSCC may be blocked
via DHA.

DHA upregulates miR-130b-3p in
LSCC cells

It has been reported that miR-130b-3p can
suppress cancer growth;!” thus, we opted to
focus on this miRNA. First, the cells were
treated with DHA alone, and the RT-qPCR
results revealed that DHA increased

miR-130b-3p expression (P < 0.001, Figure
3a). Next, the two cell lines were exposed to
IL-6, and we found that IL-6 moderately
downregulated miR-130b-3p expression
(P<0.05, Figure 3b). Next, the cells were
subjected to IL-6 and DHA co-treatment,
and our findings suggested that the expres-
sion of miR-130b-3p was upregulated in the
IL-6/DHA co-treatment group (P <0.01,
Figure 3c). Thus, DHA can increase miR-
130b-3p expression.

Upregulating miR-130b-3p inhibits IL-6-
induced EMT and invasion in LSCC cells

To determine whether miR-130b-3p can
regulate EMT and invasion in LSCC,
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Figure 4. Upregulation of miR-130b-3p inhibits IL-6-induced EMT and invasion in LSCC. (a) miR-130b-3p
expression was quantified by RT-qPCR after transfection with miR-130b-3p or NC mimics. (b) The protein
expression of E-cadherin, Snail, and SLUG in LSCC cells after transfection with miR-130b-3p or NC mimics
and treatment with DHA. (c) The Transwell assay was performed to evaluate the invasiveness of LSCC cells.
P <0.01 and **P < 0.001 versus the NC mimic group. NS, non-significant; *P < 0.05, **P < 0.01, and

*kP < 0.001 versus the control group.

DHA, dihydroartemisinin; EMT, epithelial-mesenchymal transition; NC, negative control; LSCC, laryngeal
squamous cell carcinoma; RT-qPCR, real time quantitative polymerase chain reaction.

AMC-HN-8 and Tu212 cells were trans-
fected with miR-130b-3p mimics, which
resulted in increased miR-130b-3p expres-
sion (P<0.001, Figure 4a). miR-130b-3p
overexpression decreased SLUG protein
expression in IL-6-treated cells but
increased the protein expression of E-cad-
herin (Figure 4b). Moreover, miR-130b-3p-
overexpressing AMC-HN-8 and Tu212 cells
treated with IL-6 were less invasive than
their respective NC counterparts (P < 0.05,
Figure 4c). Collectively, these results sug-
gest that DHA may inhibit IL-6-triggered
EMT and invasion in LSCC via miR-
130b-3p.

DHA inhibits the IL-6/STAT3 signaling
pathway

IL-6 has been found to activate STAT3, a
primary downstream effector that mediates
IL-6-induced EMT, to exert its biologic
effects.”! As illustrated in Figure 5a,
STAT3 mRNA expression was downregu-
lated by DHA exposure (P <0.01). Then,
we explored whether DHA influences this
signaling pathway. When LSCC cells were
exposed to IL-6, the activity of STAT3 and
B-catenin was increased (Figure 5b).
However, in the IL-6/DHA co-treatment
group, the protein expression of STATS3
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Figure 5. DHA inhibits the IL-6/STAT3 signaling pathway. (a) The mRNA expression of STAT3 in AMC-
HN-8 and Tu212 cells following DHA treatment. (b) The protein expression of STAT3, p-STAT3, and
p-catenin in AMC-HN-8 and Tu212 cells. **P < 0.0l versus the control group.

DHA, dihydroartemisinin, IL-6, interleukin 6; p-STAT3, phosphorylated STAT3; STAT3, signal transducer and

activator of transcription 3.

and B-catenin was considerably decreased,
and p-STAT3 protein expression was much
lower (Figure 5b). Therefore, we conclude

that DHA  downregulates  STATS3
expression.

miR-130b-3p downregulates STAT3

To increase our understanding of the
interaction between miR-130b-3p and
STATS3, miR-130b-3p-overexpressing
AMC-HN-8 and Tu212 cells were treated
with IL-6. Using RT-qPCR, we discovered
that miR-130b-3p overexpression in these
two cell lines reduced STAT3 mRNA

expression (P <0.01, Figure 6a). Next,
when miR-130b-3p-overexpressing cells
were treated with IL-6, these two cell lines
displayed lower STAT3, p-STAT3, and
B-catenin protein expression than their
respective NC counterparts (Figure 6b).
Thus, miR-130b-3p appears to negatively
modulate the activity of STAT3 and even
inhibit the activation of IL-6/STAT3
signaling.

miR-130b-3p targets STAT3 directly

Our previous experiments demonstrated
that miR-130b-3p could negatively regulate
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Figure 6. miR-130b-3p downregulates STAT3. (a) STAT3 mRNA expression in AMC-HN-8 and Tu212 cells
following miR-130b-3p mimic transfection. (b) Protein expression of STAT3, p-STAT3, and f}-catenin after
the cells were transfected with miR-130b-3p mimics or treated with IL-6. **P < 0.0] and ***P < 0.001 versus

the NC mimic group.

DHA, dihydroartemisinin, IL-6, interleukin 6; NC, negative control; p-STAT3, phosphorylated STAT3; STAT3,

signal transducer and activator of transcription 3.

STAT3, and thus, we assumed that
miR-130b-3p might target STAT3 directly.
To confirm our assumption, we used
starBase. The complementary sequence
between miR-130b-3p and STAT3 is pre-
sented in Figure 7a. In the two cell lines,
transfection with miR-130b-3p mimics sup-
pressed luciferase activity compared with
the effects of the NC mimic (P <0.05,
Figure 7b). Furthermore, transfection with
miR-130b-3p inhibitors increased
luciferase activity relative to the findings
in the NC inhibitor group. Second, the
two cell lines were co-transfected with

pGL3-STAT3-MUT as well as NC
mimics, miR-130b-3p mimics, NC inhibi-
tors, or miR-130b-3p inhibitors.
Transfection with miR-130b-3p mimics or
miR-130b-3p inhibitors did not affect lucif-
erase activity compared with the findings in
the respective NC groups (Figure 7c). These
results imply that miR-130b-3p binds
STAT3 directly.

Discussion

Some patients with laryngeal cancer may
present with distant metastasis. There are
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(a}STATS(WT) 5" UACAUACUCCUGGCAUUGCACUU
11 1T
miR-130b-3p FCGGGAAAGUAGUAACGUGAC
I 1]
STATI(MUT) 5 UACAUACUCCUGGCAUUCGUCUU
(b)

AMC-HN-8 Tu2l2

Relative luciferase activity
Relative luciferase activity

5

3

"

Tu212

AMC-HN-8

Relative luciferase activity

Figure 7. miR-130b-3p targets STAT3 directly. (a) The complementary sequence between miR-130b-3p
and STAT3. (b) The dual-luciferase reporter assay was performed in cells that were transfected with pGL3-
STAT3-WT luciferase constructs as well as NC mimics, miR-130b-3p mimics, NC inhibitors, or miR-130b-3p
inhibitors. (c) Luciferase activity was assessed in cells transfected with pGL3-STAT3-MUT luciferase con-
structs as well as NC mimics, miR-130b-3p mimics, NC inhibitors, or miR-130b-3p inhibitors. NS, non-
significant; *P < 0.05, **P < 0.01, and ***P < 0.001 versus the NC mimic group. NS, non-significant; *P < 0.05

and ***P < 0.001 versus the NC inhibitor group.

MUT, mutant; NC, negative control; STAT3, signal transducer and activator of transcription 3, WT,

wild-type.

many hypotheses regarding the causes of
distant metastasis of cancer, including
cancer stem cells, EMT, and tumor niche
formation.*” It is believed that the loss of
polarity and cell-cell adhesion in EMT may
be the initial steps of metastasis. To prevent
metastasis, numerous studies have focused
on EMT regulation. The concentration of
IL-6, which is correlated with poorer sur-
vival, has been found to be abnormally
high in many patients with cancer. IL-6
promotes progression, proliferation, tumor-
igenesis, metastasis, and inflammation in
cancer; thus, targeting the IL-6/STATS3
axis may be a promising direction for
future cancer treatment. Siltuximab, an
antibody against IL-6, has demonstrated
efficacy against smoldering multiple myelo-
ma and Castleman’s disease.>* In these

studies, LSCC cells underwent EMT fol-
lowing IL-6 stimulation, implying that IL-
6/STAT3 signaling participates in the
metastasis of laryngeal cancer. Therefore,
targeting the IL-6/STAT3 signaling path-
way represents a novel potential pharma-
ceutical strategy against LSCC.

In addition, our study demonstrated that
DHA suppresses IL-6-triggered EMT in
LSCC cells by downregulating STAT3
expression and decreasing STAT3 phos-
phorylation. This discovery carries signifi-
cance for cancer pharmacotherapy because
STATS3 signaling has been revealed to pro-
mote chemoresistance, angiogenesis, inva-
sion, and tumorigenesis and maintain the
stemness of cancer stem cells.?> Moreover,
it was discovered that STAT3 phosphoryla-
tion is correlated with the progression of
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head and neck cancer and that high cyto-
plasmic p-STAT3 expression is associated
with increased tumor size and metastasis
in head and neck cancer.’® In addition,
non-small cell lung carcinoma with high
STAT3 and p-STAT3 expression carries a
poor prognosis.?’ Thus, DHA may be effec-
tive in preventing the metastasis of LSCC
and prolonging patient survival.

Another finding from this research was
that DHA can upregulate miR-130b-3p to
reduce STAT3 protein expression and
phosphorylation. Several studies
indicated that miR-130b-3p can suppress
invasion and migration in malignant
tumors, but its interaction with STAT3
has not been reported. Our findings
demonstrated that miR-130b-3p can
bind to STAT3 directly and reduce its
protein expression. In addition, the
overexpression of miR-130b-3p can block
EMT and invasion in LSCC cells.
Collectively, these findings suggest that
miR-130b-3p agonists may be effective
against LSCC.

This study had several limitations. First,
other miRNAs that are regulated by DHA
to suppress STAT3 activity might exist;
therefore, transcriptomic analysis should
be conducted as a screening method.
Second, a laryngeal cancer metastasis
animal model was not established in this
research. Ideally, IL-6 and DHA could be
administered to rats with laryngeal cancer,
and metastatic foci could be collected for
further analysis. Third, although the exist-
ing medical literature implies an association
between STAT3 and patient prognosis in
laryngeal cancer, clinical specimens from
patients and healthy individuals should be
collected and analyzed to further support
this result.

In conclusion, this study discovered that
DHA can suppress the IL-6-induced EMT
and migration in LSCC cells via the miR-
130b-3p/STAT3/B-catenin pathway. Thus,
DHA has the potential to prevent the

metastasis of laryngeal cancer and prolong
patient survival.
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