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MiR-524 inhibits cell proliferation
and induces cell apoptosis in thyroid cancer
via targeting SPAG9
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Abstract. - OBJECTIVE: To investigate the
effect of miR-524 on the proliferation of thyroid
cancer and its underlying mechanism.
PATIENTS AND METHODS: MiR-524 expres-
sion levels in thyroid cancer samples and pa-
ra-cancer tissues were tested by quantitative
Real-time polymerase chain reaction (qRT,
Cells proliferative ability and apoptosi
evaluated through methyl thiazolyl tetra
(MTT) and apoptosis assays, respectivel
ciferase reporter assay was used to confir
regulatory mechanism.
RESULTS: MiR-524 expressi
in thyroid cancer specimen
ed miR-524 expression inhj

s. At the beginning of the last cen-
Y, the incidence of thyroid cancer exhibited a
dual upward trend'?. Papillary thyroid cancer
is the most common type of thyroid cancer,
accomting for about 90% of all pathological types®.

At present, the treatment of papillary thyroid carci-
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isotope iodine 131 treatment
rapy. With effective and rea-

ognosis; the 5-year survival rate
-year survival rate is also above
°0*. However, some papillary cancers have the
dedifferentiation and eventually devel-
into pdorly differentiated thyroid cancer or undif-
ferentiated carcinoma, which results in the decline
of survival rate and quality of life’. Therefore, it is
crucial to look for differentially expressed genes,
predictive biomarkers and target molecules for in-
tervention therapy, which could further increase the
cure rate and survival rate of patients.

Previous researchers®!! have found that miRNAs
are implicated in cell proliferation, apoptosis, inva-
sion and angiogenesis in the different diseases. In
thyroid cancer, miRNAs are differentially expressed
in the serum of patients'?. MiR-146a polymorphism
is significantly associated with PTC risk".

Upregulation of microRNA-524-5p enhanc-
es the cisplatin sensitivity of gastric cancer
cells by modulating proliferation and metastasis
via targeting SOX9M. miRNA-106b-mediated
down-regulation of Clorf 24 expression induces
apoptosis and suppresses invasion of thyroid can-
cer’’. MiR-524-5p may function as a novel tumor
suppressor gene, and suppresses the growth and
invasive abilities of gastric cancer cells'®. How-
ever, there are no relevant reports on the mecha-
nism of action of miR-524 in PTC. The primary
purpose of this study was to investigate the effect
of miR-524 on the proliferation of thyroid cancer
and its underlying mechanism.
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Patients and Methods

Clinical Specimens

We collected fresh cancer tissues and pa-
ra-cancer tissues from thyroid cancer patients in
our hospital. All specimens were pathological-
ly confirmed and quickly placed in inactivated
RNAse cryopreservation tube in liquid nitrogen
cryopreservation during 15 minutes, and then into
80°C refrigerator to be reserved. All patients did
not receive the treatment of preoperative iodine
131 and thyroid hormone suppression therapy.
Patients with other malignant tumors, systemic
serious infection, and other serious systemic dis-
eases were excluded. This study was approved by
the Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science
and Technology. Signed written informed con-
sents were obtained from all participants before
the study.

Cell Culture

Thyroid cancer cell lines WRO [DMEM (Dul-
becco’s Modified Eagle Medium)] and TPCl
[RPMI (Roswell Park Memorial Institute)] e
um were supplemented with 10% fetal bovge
rum (FBS; Life Technologies, Grand Island
USA). Both of them were maintained in a 59
and 37°C humidified incubator.

Cell Transfection

MiR-524 mimics and g
(normal control) were syng
Shanghai Jima Co., Ltd.

10°/mL. After 48
524 mimics NC

e TRIzol reagent kit (Life
Island, NY, USA). Then,

uLV reverse transcriptase (Fisher Scientific,
itsburgh, PA, USA). Real-time PCR was con-

94°C for 3 min, followed by 35 cycles of 94°C
for 30 s and 60°C for 30 s. MiR-524 expression
was normalized to U6 RNA. Primer g

Assay

Cells (1 x
96-well pla
6 days.
well for

as detected by using an An-
(Becton, Dickinson and Com-
pany, akes, NJ, USA). Cells (5x105)
ere re-suspended in the binding buffer (200 pL)
pted with FITC Annexin V (5 pL) and
m iodide solution (1 pL). Finally, cell
apoptosis was analyzed by Calibur Flow Cytom-
eter (Becton, Dickinson and Company, Franklin
Lakes, NJ, USA).

Luciferase Reporter Assay

With PCR Amplification kit (TaKaRa, Dalian,
China), SPAG9 3’UTR including the predicted
binding site was amplified, and then cloned into
the psiCHECK-2 reporter vector (Promega, Mad-
ison, WI, USA). By using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA), psiCHECK-2-
SPAGY9-wild (200 ng) or psiCHECK-2-SPAGY-
mutant (200 ng) and miR-524 mimics (100 nmo-
I/L) were co-transfected into WRO cells. The
reporter activity was examined by a Dual Lu-
ciferase Reporter Assay kit (Promega, Madison,
WI, USA).

Statistical Analysis

The results were carried out in triplicate.
Graphpad Prism v5.0 (GraphPad Software, La
Jolla, CA, USA) was used for analyses. The com-
parisons were examined using the Student’s #-test.
A p value of <0.05 was regarded as statistically
significant.
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Figure 1. The relative miR-524 expression was detected
by qRT-PCR between paracancer tissues and cancer tissues
(**p<0.01).

Results

MiR-524 Was Down-Regulation
In Thyroid Cancer Samples

To investigate the unknown functions d
524 in thyroid cancer, we firstly detectd
expression of miR-524 in cancer tissues and
ra-cancer tissues via using qRT-PCR method
analysis exh1b1ted that lower eX kR

roliferative ability,
tingly, the result

cell apoptosis responding to up-regulation of
aR-524 through an apoptosis assay. The results
apoptosis assay showed that more cell apop-
tosis®vas detected in over-expressing miR-524
group compared with the control group (Figure
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2C and 2D). These results indicated that up-reg-
ulation of miR-524 could promote cell apoptosis.

SPAG9 Was a Target
Gene of miR-524
Various studies®* have repor

binding site of miR-524 to
as shown in Figure 4A. To con-
o it, we planned a luciferase reporter assay.
displayed that the luciferase activity
vas significantly lessen in psiCHECK-2-SPAG9-
Wild+mimics (Figure 4B), which demonstrated
that miR-524 could bound to SPAG9 3'UTR.

Furthermore, we used qRT-PCR method to
detect the regulatory correlation between miR-
524 and SPAG?Y. This test displayed that declined
SPAG9 was expressed when miR-524 was up-reg-
ulation (Figure 4C and 4D). All these results in-
dicated that miR-524 could reversely regulate
SPAGY through bound to SPAGY 3'UTR.

Discussion

MiRNAs, as small single-chain non-coding
RNAs with 19-22 nt in length, can regulate the ex-
pression of specific mRNAs at the transcriptional
level, ultimately resulting in functional changes
in cells or tissue. Evidence had indicated that
abnormal up-regulation or down-regulation of
miRNAs is associated with the development, in-
vasion, and metastasis of various tumors'®!°. Our
work found that there is a significant difference in
the expression of miR-524 between thyroid cancer
and para-cancerous tissues. Through the previous
functional tests, we discovered that miR-524 acts
as a tumor suppressor gene in thyroid cancer. Ac-
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°re is complementation of miRNAs with their
oet sites. Thirdly, there are conserved types
IR NA target sites between different species.
Four®ly, there is the thermal stability between
miRNA and mRNA double-stranded. Fifthly, the

miRNA target site should not have complex sec-
ondary structure. We chose three miRNAs bioin-
formatics predictive software (miRDB, RNA22,
and TargetScan) together to predict the target
genes of miR-524 according to the above condi-
tions. The intersection of the three bioinformatics
predictive software was assessed. Then, to verify
whether SPAG9 was a downstream gene of miR-
524, we detected SPAG9 mRNA expression via
qRT-PCR. We found that miR-524 could up-reg-
ulate the expression of SPAG9. Additonally, miR-
524 was further verified to act specifically on
SPAGY 3’UTR by dual luciferase reporter gene
system.
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miRDB

B
FBXO030 GTF2A1 FAMI19A2 G FAM103A1
ELAVL2 CGGBP1 COL4A3BP P FKBP7
PUM2 RALGPS2 DENNDSB CCDC TBX19
CNOT2 CEP350 SLC10A2
IGSF3 PRKCA TOMM34
DLGS5 CRMP1 RASAL2
LRRTM3 P4HA2 N4BP1
CSDE1 SORT1 NOVA1
RSBN1 SPAGY NSD1
ANKRD46 RIOK1 CD47
EIF4E CNTNAP3 KIAA1217
BRIP1 CNTNAP3B
NAV3 PTPRD
KHDRBS1 NR4A2
SLC43A2 GLTSCRIL NEBL
KIAA1462 NEDDA4L
SLC35G3 COL1A2
KCTD20 MBLAC2
MBD2 PAFAHI1B2
KIF24 TMEM132B

Targetscan

ancer??, hepatocellular cancer®**,

eosarcoma>?°, breast cancer?’, and endometri-
ancer®®. Abnormal expression of SPAG9 con-
es to the molecular biology processes.

um up, we first found the lower expression
of miR-524 in thyroid cancer tissues, and the func-

tion of miR-524 tumor as suppressor gene through
in vitro functional experiments. In addition, we
further verified that SPAG9Y is a downstream gene
of miR-524. Further studies are needed to explore
the role of SPAG9 downstream genes in thyroid
cancer, so as to discover a complete regulatory
pathway, and then improve the regulatory net-
work in thyroid cancer.
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Conclusions

first identified that miR-524 represses
thyrO® cancer cell proliferation and induces cell
apoptosis via targeting SPAG9, which may pro-

vide a new diagnostic criterion and potential ther-
apeutic target in treatment for PTC.
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