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Conclusion: Overall, the findings of the current study suggest that miR-564 is a tumor-
suppressive miRNA that exerts crucial roles in the development and progression of PTC.
Therefore, this miRNA might be a promising candidate target in the anticancer treatment of
patients with PTC.
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Introduction

Thyroid cancer, originating from follicular or parafollicular thyroid cells, is the
most common endocrine malignancy.! Globally, approximately 300,000 novel
thyroid cancer cases and 40,000 mortalities caused by thyroid cancer occur
annually.” Thyroid cancer can primarily be divided into four subtypes: papillary
thyroid cancer (PTC), follicular thyroid cancer, medullary thyroid cancer, and

anaplastic thyroid cancer.> Among these, PTC is the most common subtype of
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thyroid cancer, accounting for more than 80% of all thyr-
oid cancer cases.* Genetic and epigenetic alterations have
been shown to play a crucial role in the genesis and
development of PTC; however, the detailed molecular
mechanisms underlying these changes remain poorly
characterized.>® The primary therapeutic strategies cur-
rently employed against PTC, including surgical resection,
radioiodine therapy, and adjuvant long-term thyrotropin
suppression therapy, result in an excellent prognosis in
the vast majority of patients; however, recurrence and
metastasis are frequently associated with poor clinical
outcomes.”® Therefore, the mechanisms involved in the
pathogenesis of PTC need to be clarified to aid in the
development of improved therapeutic approaches for
patients with PTC.

microRNAs (miRNAs) are a group of endogenous, single-
stranded, 18-24 nucleotide-long RNA

molecules.” So far, more than 1,400 miRNAs have been iden-

and non-coding
tified in the human genome.'© miRNAs are capable of
regulating gene expression at the transcriptional or post-
transcriptional level by partially base pairing with the 3'-
untranslated regions (3'-UTRs) of their target genes, triggering
mRNA  degradation,
Aberrations in miRNA expression have been reported in ne

and/or transcriptional silencing.''

all types of human cancer, suggesting that miRNAs partlclpa
in carc1nogenes1s and cancer progressmn 12714 Progag

miR-564 is report
of human cancergmsl i

cer progressigh? =
specific  f 2

Accordingly, purpose Of the current study was to

emain unclear as yet.
determine miR- expression in PTC and assess its clin-
ical significance. IWaddition, the expression profile of
AEG-1 in PTC tissues was also determined. The effects
of miR-564 on the aggressive behavior in PTC were
investigated using a series of in vitro and in vivo experi-
ments. Furthermore, the possible underlying mechanisms
and signaling pathways involved were investigated. This
study provides novel insights into the crucial role of the
miR-564/AEG-1/PTEN/Akt pathway in the development
and progression of PTC.

Materials and methods

Ethical statement

The experimental protocols of this study were approved by
the Ethics Committee of The Third People’s Hospital of
Linyi (170011). This study was conducted in accordance
with the principles of the Declaration of Helsinki, and
written informed consent was provided by all patients
enrolled in the study.

Tissue samples and cell line

tion at The Third People’s
patients received any

1 lines (TPC-1, BCPAP,
human thyroid cell line (HT-ori

as, VA, USA). All cell lines were cul-
s modified Eagle’s medium (DMEM,;
Waltham, MA,
ontaining 10% heat-inactivated fetal bovine
S; Hyclone, Logan, UT, USA) and 1% antibio-
ic/antimycotic solution (Sigma-Aldrich, Merck KGaA,

Fisher Scientific, Inc.,

rmstadt, Germany). All cell lines were maintained at
37°C in a humidified incubator supplied with 5% CO,.

Cell transfection

miR-564 mimics and negative control miRNA mimics
(miR-NC) were constructed by Shanghai GenePharma
Co., Ltd. (Shanghai, China). Astrocyte-elevated gene-1
(AEG-1), small interfering RNA (siRNA), and scrambled
negative control siRNA were obtained from Guangzhou
RiboBio Biotechnology Co., Ltd. (Guangzhou, China).
The full length of AEG-1 lacking 3'-UTR was amplified
by Shanghai GenePharma Co., Ltd., and inserted into
a plasmid, pcDNA3.1, referred to as pc-AEG-1. Cells
were inoculated into six-well plates at a density of 6x10°
cells/well 24 hrs prior to transfection. Transient transfec-
2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to

tion was performed using Lipofectamine®
the manufacturer’s instructions. Then, the transfected cells
were harvested following different incubation times and
used for subsequent functional assays.
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Isolation of total RNA and reverse

transcription-quantitative polymerase
chain reaction (RT-qPCR)

Total RNA was extracted from tissue specimens and cul-
tured cells using TRIzol® (Thermo Fisher Scientific, Inc.).
Total RNA was reverse transcribed into complementary
DNA (cDNA) using a miScript Reverse Transcription kit
(Qiagen GmbH, Hilden, Germany). To quantify the miR-
564 expression levels, RT-qPCR was conducted using
a miScript SYBR Green PCR kit (Qiagen GmbH,
Hilden, Germany). U6 small nuclear RNA was used as
an endogenous control for miR-564. For the quantification
of AEG-1, first-strand cDNA was prepared from total
RNA using a RevertAid™ First-Strand cDNA Synthesis
kit (Thermo Fisher Scientific, Inc.), followed by qPCR
with an SYBR Green PCR Master mix (TaKaRa, Dalian,
China). AEG-1 expression was normalized to glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). Further, rela-
tive gene expression was calculated using the 2 44¢d
method.*

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2-H-tetrazolium bromide (MTT) ass:

MTT assay was performed to determine cell prolife
in accordance with the manufacturer’s ig

with 10% FBS. A total of 200 p
ing 3x10° cells was placed in

Aldrich) to each
C with 5%

of 490 nm was measured using

oplate reader (Bio-Rad Laboratories, Inc.,
Hercules, CA, B®A).

Cell apoptosis assay

To analyze apoptosis, transfected cells were collected at
48 hrs following transfection with trypsin (Gibco;
Thermo Fisher Scientific, Inc.) and washed thrice with
an ice-cold phosphate buffer solution (Gibco; Thermo
Fisher Scientific, Inc.) at 4°C. The apoptosis rate was
estimated using an Annexin V—fluorescein isothiocyanate

apoptosis detection kit (Biolegend, San Diego, CA,
USA). Briefly, the cells were resuspended in 100 pL of
Ixbinding buffer and then stained with 5 L. Annexin V—
fluorescein isothiocyanate and 5 pL propidium iodide.
Following 20-min culturing at room temperature in the
absence of light, apoptotic cells were measured by flow
cytometry (FACScan™, BD Biosciences, Franklin Lakes,
NJ, USA).

Transwell assay
Transwell chambers (8-um po
Jose, CA, USA) were
Briefly, 5x 10* transfect

stal violet. Invasion analyses were per-
the same procedure as for migration
that the chambers were precoated with

aded cells was counted in five randomly selected
fields per chamber using a light microscope (Olympus,
Tokyo, Japan).

In vivo tumor xenograft model

The cells transfected with miR-564 mimics or miR-NC
were harvested following 24-hr incubation and subcuta-
neously injected into the flanks of BALB/c nude mice
(Shanghai SLAC Laboratory Animal Co. Ltd., Shanghai,
China). A total of eight nude mice were obtained and
divided into two groups (n=4 for each group): miR-564
mimics and miR-NC groups: The size of the tumor xeno-
graft in all nude mice was recorded every 4 days using
a caliper, and tumor volumes were calculated using this
equation: volume = (lengthx(width)®)/2. All nude mice
were sacrificed 4 weeks following inoculation and formed
tumor xenografts were resected. Tumor xenografts were
weighed and reserved as appropriate for RT-qPCR and
Western blot analysis. All experimental procedures were
approved by the Ethics Committee of The Third People’s
Hospital of Linyi, and were carried out according to the
guidance of Animal Protection Law of the People’s
Republic of China-2009 for experimental animals.
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Bioinformatics analysis and luciferase

reporter assay

Targetscan (www.targetscan.org/vert 71) and MiRanda
(http://www.microrna.org) were used to search the putative
target genes of miR-564.

Wild-type (wt) 3'-UTR of AEG-1 containing predicted
miR-564 binding sites was amplified by Shanghai
GenePharma Co., Ltd., and inserted into the psiCHECK-
2 luciferase expression vector (Promega Corporation,
Madison, WI, USA) to generate psiCHECK-wt-AEG-1-3'-
UTR. Similarly, mutant (mut) AEG-1 3'-UTR was cloned
into the psiCHECK-2 luciferase expression vector to gen-
erate psiCHECK-mut-AEG-1-3"-UTR. The chemically
synthesized reporter vectors were co-transfected with
miR-564 or miR-NC into the cells using Lipofectamine®
2000 reagent. After 24 hrs, transfected cells were collected
and prepared to measure their firefly and Renilla luciferase
activities using a Dual-Luciferase Reporter Assay System
(Promega). Renilla luciferase activity was normalized to
that of firefly luciferase.

Western blot analysis
Radioimmunoprecipitation assay lysis buffer (Sig
Aldrich; Merck KGaA, Darmstadt, Germany) containin!
protease inhibitors (Roche Applied Science, Magdama

using a bicinchoninic acid protein
Beijing, China). Equivalent quant;

were blocked for 2 h
powdered milk da

saline containing
an overnight incuba-

T prior to 2-hr incubation at
room temperatur&@ith horseradish peroxidase-conjugated
secondary antibody ®b6789 and ab6721; 1:5000 dilution;
Abcam, Cambridge, MA, USA). The blots were observed
using an Enhanced Chemiluminescence Detection System
(Pierce; Thermo Fisher Scientific, Inc.). The following
antibodies were used for Western blot analysis: mouse
anti-human AEG-1 monoclonal primary antibody (sc-
517220; 1:1000 dilution; Santa Cruz Biotechnology, CA,
USA), rabbit anti-human monoclonal PTEN (ab170941;
1:1000 dilution; Abcam), mouse anti-human monoclonal

p-Akt (sc-514032; 1:1000 dilution;
Biotechnology), mouse anti-human monoclonal Akt (sc-
81434; 1:1000 dilution; Santa Cruz Biotechnology), and
mouse anti-human monoclonal GADPH antibody
(ab125247; 1:1000 dilution; Abcam). GAPDH was used
as a loading control.

Santa Cruz

Statistical analysis
Statistical Product and Service Solutions version 17.0
(IBM Corporation, Armonk, NY, USA) was employed to

perform statistical analyses. All re presented as

patients with PTC was

>

Spearman’s correlatio

expression correlajg

64 is downregulated in PTC tissues

d cell lines

o clarify the expression profile of miR-564 in PTC,
e first examined miR-564 expression in 47 pairs of
PTC tissues and normal adjacent tissues. The data
obtained from RT-qPCR analysis indicated that the
expression levels of miR-564 were lower in PTC tis-
sues than in normal adjacent tissues (Figure 1A,
P<0.05). Next, we explored the association between
miR-564 expression and clinicopathological parameters
to reveal the clinical value of miR-564 in patients with
PTC. Low miR-564 expression correlated with the
lymph node metastasis (P=0.002) and tumor—node-
metastasis (TNM) stage (P=0.008) in patients with
PTC (Table 1). However, the correlations between
miR-564 and other clinicopathological characteristics
were not significant (all P>0.05). Meanwhile, miR-564
expression was found to be significantly downregulated
in all three tested PTC cell lines (TPC-1, BCPAP, and
HTHS83) compared with the expression in a normal
human thyroid cell line (HT-ori3; Figure 1B, P<0.05).
These results suggested that a reduction in miR-564
expression may be closely related to the development
and progression of PTC.
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Table | Association of miR-564 expression and clinical charac-
teristics of patients with PTC

Characteristics

miR-564 expression

Low

High

Age (years)

0.760

<60 17 15
260 7 8

Gender
Male 10 7
Female 14 |

Tumor size (cm)
<5 17 |
=5 7 9

Lymph node metastasis 0.002*
Negative

Positive

TNM stage 0.008*

10
14 3
-l 8 17
n-v 6
miR-564 gulation suppresses cell

proliferation, migration, and invasion and

induces cell apoptosis in PTC in vitro
Among the three PTC cell lines, TPC-1 and HTH83 exhibited
relatively lower miR-564 expression; therefore, these two cell

lines were used in the subsequent functional experiments. To
investigate the specific roles of miR-564, TPC-1 and HTH83
cells were transfected with miR-564 mimics or miR-NC. RT-

gPCR analysis demonstrated that miR-564 mimics

W

1.5
G
c
il
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$8 *
s
QE *
= T
(0] b=
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OO I:-:I:l

ificantly suppressed the proliferation of TPC-1
lls (Figure 2B, P<0.05). Next, cell apoptosis

is in PTC cells. Resumption of miR-564 expression
significantly increased the percentage of apoptotic TPC-1 and
HTHS3 cells (Figure 2C, P<0.05). Furthermore, transwell
assay showed that ectopic miR-564 expression significantly
decreased the migratory (Figure 2D, P<0.05) and invasive
(Figure 2E, P<0.05) capacities of TPC-1 and HTHS83 cells.
These results suggest that miR-564 plays an inhibitory role in
the growth and metastasis of PTC cells in vitro.

AEG-1| is a direct target gene of miR-564
in PTC cells

miRNA mainly functions through direct binding to the 3'-
UTR of its target gene, resulting in mRNA degradation and/
or transcriptional silencing.'" To explore the mechanisms
associated with the tumor-suppressing roles of miR-564,
bioinformatics analysis was conducted to predict the poten-
tial target of miR-564. The 3'-UTR region of AEG-1 was
predicted to be a putative binding site for miR-564 because it
harbored the regions matching the miR-564 seed sequences
(Figure 3A). Accordingly, AEG-1 was selected for further
validation because this gene has been implicated in the
modulation of PTC occurrence and development.”’ 2’
Luciferase reporter assay was employed to determine
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Figure 2 miR-564 reduces cell p ion, migration, and inva®on and induces apoptosis in PTC. (A) TPC-I and HTH83 cells were transfected with miR-564 mimics or
miR-NC. The expression level detected 48 hrs following transfection using RT-qPCR. *P<0.05 compared with miR-NC. (B) An MTT assay was used to
analyze the proliferation of TPC- ing miR-564 mimic or miR-NC transfection. *P<0.05 compared with miR-NC. (C) TPC-| and HTH83 cells treated
as abovementioned wer: ing. The apoptosis rate was examined using a cell apoptosis assay. *P<0.05 compared with miR-NC. (D and E) miR-
564 mimics or miR- nd HTH83 cells. The capacity of migration and invasiveness was assessed using transwell assay. *P<0.05 compared with
miR-NC.
whether the 3'- (Figure 3C, P<0.05) and protein (Figure 3D, P<0.05) levels

miR-564 in PTC ccW®. As shown in Figure 3B, enforced compared with that in the cells transfected with miR-NC.
miR-564 expression significantly decreased luciferase activ-  These results suggest that AEG-1 is a novel target of miR-
ity in the wt 3’-UTR of AEG-1 in TPC-1 and HTH83 cells 564 in PTC cells.

(P<0.05); however, a mutation of the miR-564 binding site in . . . .

the 3'-UTR of AEG-1 abrogated the luciferase response to miR-564 is negatlvely correlated with
miR-564. Furthermore, the effect of miR-564 on endogenous AEG-I in PC tissues

AEG-1 expression in PTC cells was investigated. TPC-1 and  Next, we investigated AEG-1 expression in PTC tissues
HTHS3 cells transfected with mIR-564 mimics exhibited and explored the expression relationship between miR-564
significantly decreased AEG-1 expression at the mRNA  and AEG-1. RT-qPCR revealed that the expression level of
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Figure 3 AEG-1 is the direct target gene of miR-564 in PTC cells. (A) The miR-564 targeting sequences in
Relative luciferase activity was measured in TPC-1 and HTH83 cells after co-transfection with psiCHECK-
mimics or miR-NC. *P<0.05 compared with miR-NC. (C and D) The AEG-I mRNA and protein levels,
HTHB83 cells transfected with miR-564 mimics or miR-NC. *P<0.05 compared with miR-NC.

AEG-1 mRNA was significantly higher in PTC tissues
than in normal adjacent tissues (Figure 4A, P<0.05). In
addition, AEG-1 mRNA and protein levels were signifi-
cantly higher in the low miR-564 expression group in
the high miR-564 expression group (Figure 4B

P<0.05). Furthermore, Spearman’s correlation an

and miR-564 in PTC tissues were j
(Figure 4D; R?=0.3727, P<0.0001

proliferation,
PTC cells b

in vitro

To study th G-1in PTC cells, AEG-1
expresgd PC-1 and HTHS83 cells by
transfec siRNA. Western blot analysis,

d to evaluate transfection efficiency, per-
pllowing transfection demonstrated that
AEG-1 protein expression had significantly reduced in
TPC-1 and HTHS3 cells transfected with AEG-1 siRNA
(Figure 5A, P<0.05). AEG-1 knockdown particularly
decreased cell proliferation (Figure 5B, P<0.05) and drama-
tically increased apoptosis (Figure 5C, P<0.05) of TPC-1 and
HTHS83 cells, as evidenced by MTT and cell apoptosis
assays. Furthermore, transwell assay indicated that the migra-
tion (Figure 5D, P<0.05) and invasion (Figure 5E, P<0.05)

HTH83

AEG-| 3’-UTR are shown. (B)
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Figure 4 Aninverse correlation between miR-564 and AEG-1 mRNA levels was found
in PTC tissues. (A) AEG-1 mRNA expression was evaluated by RT-qPCR in 47 pairs of
PTC and normal adjacent tissues. *P<0.05 compared with normal adjacent tissues.
(B and C) Expression levels of AEG-1 mRNA and protein in the high miR-564
expression group were significantly lower than those in the low miR-564 expression
group. P<0.05 compared with the low miR-564 expression group. (D) Spearman’s
correlation analysis was applied to investigate the correlation between the expressions
of miR-564 and AEG-1 mRNA in PTC tissues. R*=0.3727, P<0.0001.

of AEG-1-silenced TPC-1 and HTHS83 cells has been sig-
nificantly suppressed. Taken together, these results revealed
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PTC cells, further suggesting that AEG-1
target of miR-564 in PTC.

Reintroduction of AEG-| expression
partially rescues the tumor-suppressive
effects of miR-564 in PTC cells

To further explore the functional relevance of miR-564
and AEG-1 in PTC, we used a series of rescue experi-
ments to examine whether AEG-1 restoration could abol-
ish miR-564-mediated effects in PTC cells. TPC-1 and

TPC-1  HTH83

HTHS83 cells with high miR-564 expression were trans-
fected with the AEG-1 overexpression plasmid pc-AEG-1
or empty pcDNA3.1 plasmid. Western blot analysis was
performed to detect AEG-1 expression in the rescue
experiment. The protein level of AEG-1 was found to be
downregulated in miR-564-overexpressing TPC-1 and
HTHS83 cells, whereas decreased AEG-1 protein expres-
sion could be restored in miR-564 mimic-transfected TPC-
1 and HTHS83 cells after cotransfection with pc-AEG-1
(Figure 6A, P<0.05). Similarly, restoration of AEG-1
expression rescued the tumor-suppressing effects of miR-
564 upregulation on proliferation (Figure 6B, P<0.05),
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Figure 6 AEG-I restoration partially reverses the tumor-suppressive effects of miR-564 overexpression in PTC cells. (A) TPC-1 and HTH83 cells were transfected with
miR-564 mimics with pc-AEG-1 or pcDNA3.. Following transfection, AEG-| expression was measured by Western blot analysis. *P<0.05 compared with miR-NC; #P<0.05
compared with miR-564 mimics+pcDNA3.I. (B and C) MTT and cell apoptosis assays were employed to evaluate cell proliferation and apoptosis of the aforementioned
cells. #P<0.05 compared with miR-NC; #P<0.05 compared with miR-564 mimics+pcDNA3.1. (D and E) The migration and invasion in TPC-1 and HTH83 cells treated as
described above was investigated using transwell assays. *P<0.05 compared with miR-NC; #P<0.05 compared with miR-564 mimics+pcDNA3.1.
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apoptosis (Figure 6C, P<0.05), migration (Figure 6D,
P<0.05), and invasion (Figure 6E, P<0.05) of TPC-1 and
HTHS3 cells. These results suggest that AEG-1 is the real
direct target of miR-564 and that it mediates, at least
partially, the tumor-suppressive roles of miR-564 in the
malignant development of PTC.

miR-564 inactivates the PTEN/Akt
signaling pathway in PTC cells

Several studies have reported that AEG-1 is implicated in
the PTEN/Akt pathway.>* % Hence, we next attempted to
examine whether miR-564 could inhibit the activation of
the PTEN/Akt pathway in PTC cells. The protein levels of
PTEN, p-Akt, and Akt were determined in TPC-1 and
HTHS83 cells following cotransfection with miR-564
mimics and pc-AEG-1 or pcDNA3.1. The protein level
of PTEN was found to be significantly upregulated in
TPC-1 and HTHS83 cells upon miR-564 overexpression,
whereas that of p-Akt was downregulated in miR-564-
overexpressing TPC-1 and HTHS83 cells (Figure 7). The
changes in PTEN and p-Akt expressions induced by miR-
564 upregulation were recovered in TPC-1 and HTHS83
cells following cotransfection with pc-AEG-1 (Figure
These results suggest that miR-564 targets AEG-1
deactivate the PTEN/Akt signaling pathway in PTC cells

miR-564 hinders the tumor
PTC cells in vivo by regulatj
PTEN/Akt pathway

To examine the precise role o

Figure 7 miR-564 attenuates the activation of the PTEN/Akt pathway in PTC cells.
miR-564 mimics were co-transfected with pc-AEG-1 or pcDNAS3.| into TPC-1 and
HTHB83 cells. Western blot analysis was conducted at 72 hrs following transfection
to detect the protein levels of PTEN, p-Akt, and Akt.

xenografts in the miR-564 mimics group exhibited signifi-
cant obvious tumor growth suppression compared with
those in the miR-NC group (Figure 8A and B, P<0.05).
Additionally, the tumor weight in the miR-564 mimics
group significantly decreased compared with that in the
miR-NC group (Figure 8C, P<0.05). The data from RT-
gPCR proved that miR-564 expression were still upregu-
lated in the excised tumor xenografts derived from the
miR-564 mimics-transfected TPC-1 cells (Figure 8D,
P<0.05). Western blot analysis showed that the expression
ad that of PTEN

of AEG-1 and p-Akt was downregulafg

with that in the miR-NC group
suggest that miR-564 over
growth of PTC cells i
PTEN/Akt pathway,

Discussi

lated in PTC, and their dysregulation is
portant impacts on the formation and
C via a negative regulation of their target
moolicated in cellular biological behaviors.'®>3¢
gence, further investigation of the detailed roles of specific
NiRNAs in PTC might facilitate the identification of more
fective targets for the treatment of patients with PTC. In the
present study, to the best of our knowledge, we detected miR-
564 expression levels in PTC tissues and cell lines for the first
time. Next, we explored the biological roles of miR-564
upregulation in PTC progression and clarified its associated
molecular mechanisms and downstream signaling pathway.
Our study revealed a significant role of the miR-564/AEG-1/
PTEN/Akt pathway in suppressing the development of PTC
cells in vitro and in vivo.

miR-564 is downregulated in osteosarcoma tissues and
cell lines.?*?'" Decreased miR-564 expression is strongly
linked to clinical stages and distant metastases in patients
with osteosarcoma. Patients with osteosarcoma having low
miR-564 expression exhibit shorter overall survival and
disease-free survival than those with high miR-564 expres-
sion. Additionally, miR-564 is identified as an independent
poor prognostic factor in patients with osteosarcoma.”’
Decreased miR-564 expression is observed in hepatocellu-
lar carcinoma, and this decrease is substantially associated
with tumor size, tumor number, and venous invasion.??
miR-564 downregulation has also been observed in prostate

submit your manuscript

4878

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

A
miR-NC miR-564 mimics
C
8 -
L

Tumor weight (g)
N
1

*
2- T
0 T T
miR-NC miR-564
mimics
E
miR-NC

using Western blot analysis.

cancer,” gastric®ancer,”* glioblastoma,*® breast cancer,’’
lung cancer,”® and chronic myeloid leukemia.>* However,
the current knowledge about the expression profile of miR-
564 in PTC is limited. RT-qPCR analysis indicated that
miR-564 expressed at low levels in PTC tissues and cell
lines. miR-564 downregulation substantially correlated
with lymph node metastasis and TNM stage in patients
with PTC. These findings suggest that miR-564 is
a potential prognosis predictor in patients with PTC.
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miR-564 has been demonstrated to be a tumor-
suppressive miRNA in many types of human malignancy.
For instance, ectopic miR-564 expression attenuates pro-
liferation and promotes apoptosis in osteosarcoma cells.?'
Resumption of miR-564 expression inhibits hepatocellular
carcinoma cell proliferation, migration, and invasion
in vitro and decreases tumor growth in vivo.*
Upregulation of miR-564 suppresses cell growth and

metastasis and induces cell cycle arrest in prostate
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cancer.”® miR-564 restoration restricts the proliferative and
invasive capacities of glioblastoma cells in vitro.*
Moreover, miR-564 exerts a tumor-suppressing role in
the progression of breast’’ and lung®® cancers.
Nevertheless, the functional role of miR-564 in the devel-
opment of PTC remains unclear at present. In this study,
a series of experiments demonstrated that miR-564 could
inhibit cell proliferation, migration, and invasion of PTC
cells in vitro; induce cell apoptosis in vitro; and hinder
tumor growth in vivo. These findings suggest that miR-
564 is a promising target in the treatment of patients
with PTC.

Several genes, including Akt?' in osteosarcoma,
GRB2 in hepatocellular carcinoma,””> MLLT3in prostate
cancer,”> E2F3 in gastric cancer,”® and TGF-pl in
glioblastoma,? have been identified as direct targets of
miR-564. To investigate this, we attempted to clarify the
direct target gene involved in the antitumor role of miR-
564 in PTC cells. AEG-1, also known as metadherin,
was found to be a novel direct downstream target of
miR-564 in PTC cells. It is located on chromosome
8922 and was first discovered in human fetal astrocytes
in 2002.*° AEG-1 is highly expressed in PTC, and high
AEG-1 expression is related to tumor size, lymph n
metastasis, and distant metastasis.’’ In addition, hi

expression levels of AEG-1 are closely corrclase

Conclusion
This study is the first to provide evidence that miR-564
expression is downregulated in PTC and that this down-
regulation exhibits a significant association with lymph
node metastasis and TNM stage in patients with PTC.
Further, miR-564 exerts its tumor-suppressing roles in
PTC, at least partially, by directly targeting AEG-1 and
deactivating the PTEN/Akt pathway. This newly identified

miR-564/AEG-1PTEN/Akt pathway offers novel insights
into the molecular mechanisms underlying PTC pathogen-
esis and suggests that this signaling pathway might be
developed as a promising target for the management of
patients with this malignant tumor.

However, there are two limitations to the current study.
The correlation between miR-564 and the prognosis of
PTC patients was not analyzed. In addition, the effect of
miR-564 upregulation on in vivo tumor metastasis was not
examined. These two limitations will be resolved in future
experiments.
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