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Abstract. – OBJECTIVE: Our study aimed to 
explore the effects of miRNA-296-5p on the bio-
logical behaviors of papillary thyroid carcinoma 
(PTC) cells and its potential mechanism.

PATIENTS AND METHODS: Twenty-eight PTC 
tissues and the corresponding non-cancerous 
tissues were collected. Real Time-quantitative 
Polymerase Chain Reaction (RT-qPCR) analysis 
was performed to detect the expression levels 
of miR-296-5p in PTC tissues and the adjacent 
non-cancerous tissues. Besides, the different 
endogenous expression levels of miR-296-5p in 
PTC cell line (K1) and normal thyroid gland cell 
line (Nthy-ori3-1) were also detected by RT-qP-
CR. Bioinformatics analysis, Western blot and 
Dual-Luciferase reporter gene assay were per-
formed to demonstrate whether polo-like ki-
nase 1 (PLK-1) was a downstream target of miR-
296-5p. Subsequently, MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) as-
say, flow cytometry analysis, colony formation 
assay and TUNEL assay were performed to es-
timate whether PLK1 down-regulation could at-
tenuate the malignant behaviors of PTC cells in 
vitro.

RESULTS: RT-qPCR results showed that the 
expression level of miR-296-5p was significant-
ly down-regulated in PTC tissues and cells, in-
dicating that miR-296-5p may participate in PTC 
development. We predicted target genes of miR-
296-5p by bioinformatics and identified PLK1 as 
a target gene of miR-296-5p. By Western blot 
and Dual-Luciferase reporter gene assay, we 
confirmed that miR-296-5p was partially com-
plement to PLKl mRNA 3’UTR sequence and in-
hibited PLK1 expression at the post-transcrip-
tional level. In vitro experiments suggested that 
the transfection of miR-296-5p mimics into K1 
cells suppressed cell proliferation, inhibited cell 
clone formation, arrest the cell cycle in G2/M 
phase and induced apoptosis. Importantly, PLK1 
reversed the inhibitory effects of miR-296-5p on 
biological behaviors of PTC.

CONCLUSIONS: MiR-296-5p influences the bi-
ological behaviors of PTC by regulating PLK1. 
These findings provide a new perspective for 
the molecular mechanism of PTC pathogenesis 
and also contribute to developing new targets 
and methods for PTC treatment.
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Introduction

Thyroid cancer is a common malignant tumor 
in the head and neck, with an incidence rate 
accounting for 1% of all the malignant tumors1. 
In recent years, thyroid cancer has become the 
most common malignant tumor of the endocrine 
system due to its increasing incidence rate year 
by year2. Pathologically, thyroid cancer can be 
divided into papillary thyroid carcinoma (PTC), 
follicular thyroid carcinoma (FTC), anaplastic 
thyroid carcinoma (ATC) and medullary thyroid 
carcinoma (MTC). Among the four pathological 
types, PTC accounts for approximately 80-85% 
of thyroid cancer, which is the most common 
histologic type in women and children3,4. Most 
of PTC patients can survive after efficacious 
treatment, with over 80% of 35-year survival or 
40-year survival5. However, a small percentage 
of PTC patients who are not sensitive to radio-
iodine therapy, or accompanied with cervical 
lymph node metastasis at the time of diagnosis 
suffer from poor prognosis, with lower than 10% 
of 10-year survival6. Meanwhile, traditional ther-
apeutic measures of PTC also have significant 
limitations. Hence, it is of important significance 

European Review for Medical and Pharmacological Sciences 2019; 23: 2084-2091

S.-L. ZHOU1, Q.-L. TANG2, S.-X. ZHOU3, R.-Z. REN1

1Department of Endocrinology, Yantai Yuhuangding Hospital, the Affiliated Hospital of Qingdao 
University, Yantai, China
2Department of Pharmacy, Yantai Yuhuangding Hospital, the Affiliated Hospital of Qingdao 
University, Yantai, China
3Department of Cardiology, Qixia People’s Hospital, Qixia, China

Shaoling Zhou and Qiling Tang contributed equally to this work

Corresponding Author: Ruizhen Ren, MD; e-mail: jennyrrz@sina.com

MiR-296-5p suppresses papillary thyroid 
carcinoma cell growth via targeting PLK1



MiR-296-5p suppresses papillary thyroid carcinoma cell growth via targeting PLK1

2085

to study the specific incidence and development 
process of PTC, investigate the precise molecular 
mechanism of the malignant behavior of cancer 
cells and predict the effective targets for biologi-
cal therapy for PTC. We aim to improve the early 
diagnostic rate and survival rate of PTC patients 
to ameliorate their prognosis.

Micro-ribonucleic acids (miRNAs) are a cat-
egory of highly conserved, small non-coding 
RNAs with a length of nearly 19-22 nucleo-
tides. They participate in the regulation of tar-
get genes at post-transcriptional level by com-
pletely or incompletely complementary pairing 
with 3’-untranslated region (UTR) of the target 
genes, thereby acting as an anti-oncogene or 
oncogene in the incidence and development of 
tumors7-9. Multiple miRNAs are abnormally 
expressed, and promote the incidence and de-
velopment of PTC10-13, thus revealing the values 
of miRNAs in the diagnosis and prognosis of 
PTC14.

As a member of the miRNA family, miR-296-
5p is involved in the occurrence and development 
of various tumors, such as prostate cancer15, 
gastric cancer16, and breast cancer17. However, 
few studies on miR-296-5p and its target genes in 
PTC are reported. This research investigated the 
impacts of miR-296-5p on the proliferation and 
apoptosis of PTC cells and explored the feasible 
mechanism.

Patients and Methods

Tissue Samples and Cell Lines
A total of 28 cases of PTC tissue specimens 

and para-carcinoma tissue specimens were sur-
gically resected from December 2014 to De-
cember 2017 in Yantai Yuhuangding Hospital. 
Specimens were pathologically diagnosed after 
surgery. This study was approved by the Ethics 
Committee of Yantai Yuhuangding Hospital. 
Signed written informed consents were obtained 
from all participants before the study. The K1 
cell line of PTC and cell line Nthy-ori3-1 of 
normal thyroid gland were purchased from the 
Cell Bank of Type Culture Collection Commit-
tee of China Academy of Sciences (Shanghai, 
China). Both K1 and Nthy-ori3-1 cells were rou-
tinely cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 15% fetal bovine 
serum (FBS; Gibco, Grand Island, NY, USA) in 
an incubator with 5% CO2 and saturated humid-
ity at 37°C. Fresh medium was replaced every 

2 days, and cells were passaged every 3 days. 
Cells in the logarithmic phase were harvested 
for experiments.

Transfection
MiR-normal control (NC), miR-296 mimics 

or polo-like kinase 1 (PLK1) were transfected 
into the K1 cells following Lipofectamine 2000 
instructions (Invitrogen, Carlsbad, CA, USA). 
Transfected cells for 24-48 h were harvested for 
the following experiments. In the in vitro experi-
ments, cells were divided into 3 groups: MiR-NC 
group (negative control), mimics group (K1 cell 
transfected by miR-296 mimics) and mimics + 
PLK1 group (K1 cell transfected by miR-296 
mimics and si-PLK1).

Dual-Luciferase Reporter Gene Assay
Target genes of miR-296-5p were predicted 

using target gene prediction software miRBase 
(http://www.mirbase.org/, TargetScan) and PicTar 
(http://pictar.mdc-berlin.de/). PLK1 was found to 
be a possible target gene of miR-296-5p. Plasmids 
containing wild-type PLK1 Luciferase reporter 
gene vector (wtPLK1) and mutant PLK1 Lu-
ciferase reporter gene vector (mut-PLK1) were 
constructed. They were co-transfected with miR-
296-5p mimics or mimics control, respectively 
into K1 cells. After 48 hours, cells were washed 
with phosphate-buffered saline (PBS; Beyotime, 
Shanghai, China) for determining Luciferase ac-
tivity according to the Luciferase reporter gene 
kit.

Real Time-Quantitative Polymerase 
Chain Reaction (RT-qPCR) Analysis

Total RNA was extracted from tissue samples 
preserved in liquid nitrogen and cultured cells using 
TRIzol (Invitrogen, Carlsbad, CA, USA). The con-
centration of the extracted total RNA was calculated 
by the spectrophotometric method. DNA products 
were obtained via reverse transcription. The expres-
sions of miR-296-5p and U6 were detected on the 
LightCycler480 fluorescence qPCR system (Roche, 
Basel, Switzerland) using SYBR PrimeScriptTM 
RT-PCR kit, and three duplicated wells were set 
for every sample. As for the experimental results, 
2-∆∆Ct method was adopted for relative quantitative 
analysis of the expression level. Primer sequences 
used in this study were as follows: miR-296-5p, 
F: 5’- ATGGCGGACGAGGAGAAGCTGC-3’, R: 
5’-TCACTCAGTGCGGAGG-ATGATG-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3.
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Western Blots (WB) Analysis
The transfected cells were lysed for protein 

extraction, and quantified using a bicinchoninic 
acid (BCA) kit (Beyotime, Shanghai, China). 
Standard curves were formulated in accordance 
with the protein concentration, and the load-
ing quantity was calculated. After denaturation 
through boiling water bath, protein samples un-
derwent electrophoresis, membrane transfer, and 
incubation with primary and secondary antibod-
ies. Color development was achieved by lumines-
cence. The optical density of the WB bands was 
quantitatively analyzed using Image J software 
after the results were scanned.

Cell Proliferation 
The transfected K1 cells and NC cells were 

cultured into a 96-well cell culture plate. 100 μL 
cell suspension (concentration: 3×105 mL-1) was 
added into each well and then cultured in the 
incubator for 24, 48, 72 and 96 h, respectively. 50 
μL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl tetrazolium bromide) solution (concentration: 
5 mg·mL-1) (Sigma-Aldrich, St. Louis, MO, USA) 
was then added and incubated at 37°C for 4 h. 
Next, the supernatant was discarded carefully, 
and 150 μL dimethyl sulfoxide (DMSO) solution 
(Sigma-Aldrich, St. Louis, MO, USA) was added 
and mixed. After oscillation on a shaking table 
for 10 min, absorbance was measured using a 
microplate reader.

Colony Formation Assay 
Cells in the logarithmic phase were digested 

and prepared for suspension in DMEM contain-
ing 10% FBS. After that, 200 cells were seeded 
into each well of the 6-well plate, and cultured 
in the incubator with 5% CO2 and saturated hu-
midity at 37°C. Two weeks later, the incubation 
was terminated, the cells were washed with PBS 
and fixed with 4% neutral formal for 15 min. Af-
terward, cells were stained with Wright-Giemsa 
staining solution for 30 min, washed with slowly 
running water and then air-dried. The cells were 
observed under the microscope. Cloning effi-
ciency was calculated according to the following 
formula: cloning efficiency = number of colonies/
number of inoculated cells ×100%.

Cell Cycle Assay
The concentration of K1 cells in the logarith-

mic phase was adjusted to 1×104 cells/mL, and 
1 mL cell suspension was inoculated into each 
well of a 6-well plate. After transfection for 48 

h, the cells were detected in accordance with the 
instructions of the cell cycle detection kit. The 
cells were digested with trypsin without Ethylene 
Diamine Tetraacetic Acid (EDTA), centrifuged 
and resuspended. They were incubated with 5 
μL Rnase in a final concentration of 10 mg/
mL at 37°C for 1 h and stained with propidium 
iodide (PI) staining solution in the dark at room 
temperature for 30 min. Next, the cell cycle was 
detected and analyzed by a flow cytometer, and 
three parallel duplicated wells were set up in each 
experimental group.

TUNEL Assay 
After processing and transfection, the K1 cells 

were continuously cultured for 24 h and then 
seeded into a 6-well plate. Cells were washed 
with PBS, fixed with 4% paraformaldehyde for 
20 min and incubated with 0.1% Triton X100 on 
ice for 2 min. Terminal deoxynucleotidyl trans-
ferase (TdT)-mediated dUTP nick end labeling 
(TUNEL) reaction solution (R&D Systems, Min-
neapolis, MN, USA) was prepared according to 
the Roche instruction. Each sample was added 
with 50 μL TUNEL reaction solution, followed 
by incubation in the dark at 37°C for 60 min, 
PBS wash, and visualization of cell nuclei by 
DAPI (4’,6-diamidino-2-phenylindole) at room 
temperature for 5 min. Finally, anti-fluorescence 
quencher was added, and images were observed 
and captured under a fluorescence microscope 
(×200).

Statistical Analysis
Statistical analysis was performed with Stu-

dent’s t-test or F-test. Two-sided p<0.05 were 
considered statistically significant. Data were an-
alyzed by Prism 6.02 software (GraphPad Soft-
ware Inc., La Jolla, CA, USA).

Results

Expression Level of MiR-296-5p in PTC
The miR-296-5p expression in the PTC tissues 

and paired adjacent non-tumor tissues of 28 pa-
tients was detected via RT-qPCR. MiR-296-5p 
expression was down-regulated prominently in 
PTC tissues compared with that in paired adja-
cent non-tumor tissues (Figure 1A). Similarly, it 
was observed that the thyroid cancer cell lines 
had lower miR-296-5p expression than the control 
group (Figure 1B), suggesting that miR-296-5p 
could play a certain regulatory role in PTC.
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Prediction and Identification of 
MiR-296-5p Target Gene 

PLK1 was probably the target gene of miR-
296-5p predicted by TargetScan and PicTar. 
As shown in the Dual-Luciferase report gene 
assay, Luciferase activity in cells co-transfect-
ed with wtPLK1 and miR-296-5p mimics was 
notably lower than that of mut-PLK1. However, 

the Luciferase activity in cells co-transfected 
with negative control and wtPLK1 or mut-
PLK1 did not change, suggesting that PLK1 
was a functional target gene of miR-296-5p 
(Figure 2A).

WB results revealed that compared with that 
in NC group, protein expression of PLK1  in K1 
cells transfected with miR-296-5p mimics mark-

Figure 1. The expressions of miR-296-5p in PTC tissue samples and cells. A, Difference in the expression of miR-296-5p 
in tumor tissues and adjacent normal tissues. (***p < 0.001). B, The expression of miR-296-5p in human PTC cells (K1) and 
normal thyroid gland cells (Nthy-ori3-1). (***p < 0.001).

Figure 2. PLK1 was a direct and functional target of miR-296-5p. A, Diagram of putative miR-296-5p binding sites of PLK1 
and relative Luciferase activities. (***p < 0.001). B, MiR-296-5p decreased the expression level of PLK1 detected by Western 
blot experiment (**p < 0.01).
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edly downregulated. The results manifested that 
the transfection of miR-296-5p mimics could ef-
fectively suppress the protein expression of PLK1 
(Figure 2B).

The above results indicated that miR-296-5p 
could bind to PLK1 3’-UTR to regulate the PLK1 
expression, and PLK1 was a functional target of 
miR-296-5p.

Effects of MiR-296-5p on 
Cell Proliferation

After transfection for 48 h, the absorbance be-
tween miR-296-5p mimics group and NC group 
was statistically significant, indicating that miR-
296-5p could significantly inhibit the prolifera-
tion of the K1 cells (Figure 3A).

Moreover, formed colonies of K1 cells trans-
fected with miR-296-5p mimics were fewer and 
smaller compared with those of controls (Figure 
4A).

Effects of MiR-296-5p on Cell Cycle
We next explored whether miR-296-5p had 

an influence on cell cycle progression. Flow cy-
tometry analyses showed that the overexpression 
of miR-296-5p by transfection led to the G2/M 
phase arrest (Figure 3B), which was consistent 
with the relevant literature report18.

Effects of MiR-296-5p on Cell Apoptosis
The apoptotic rate of K1 cells was detect-

ed by TUNEL assay. As shown in Figure 4B, 
after the transfection of miR-296-5p mimics, 
the percentage of apoptotic cells significant-
ly increased compared with that in miR-NC 
and mimics+PLK1 groups. The results indicated 
that apoptosis of PTC cells induced miR-296-5p 
overexpression could be partially reversed by 
PLK1 (Figure 4B).

Discussion

The incidence rate of thyroid cancer has 
rapidly grown over the past decades. Among 
subtypes of thyroid cancer, PTC presents poor 
prognosis and low survival rate due to its in-
sidious onset, easy lymph node metastasis in 
the early stage and lack of specific symptoms19. 
As for some PTC patients resistant to radioac-
tive iodine-131 treatment and accompanied with 
progressive lymph node metastasis, efficacious 
targeted therapy and early diagnosis are very 
crucial. Many kinds of miRNAs are implicated 
in the incidence and development of PTC20. For 
example, miR-101 could inhibit the incidence of 
PTC by degrading USP2221. MiR-449 could sup-
press the PTC cell proliferation through targeted 
regulation of RET kinase β-catenin pathway22. 
MiR-137 could restrain the development of PTC 
by suppressing CXCL1223. MiR-96 played a role 
of oncogene in the PTC cells by degrading fork-
head box protein O1 (FOXO1) and regulating 
AKT/FOXO1/Bun signal transduction pathway24. 
In this research, RT-qPCR results showed that the 
expression of miR-296-5p in PTC tissues and cell 
lines decreased evidently compared with that of 
corresponding controls, implying that miR-296-
5p might exert certain regulatory effects on the 
occurrence and development of PTC.

One miRNA is able to control multiple tar-
get genes, and the same target gene could be 
regulated by several miRNAs, thus forming 
complex regulatory networks during the occur-
rence and development of tumors25. Therefore, 
in-depth research on the molecular mechanism 
of miRNA in the incidencee and development 
of tumor diseases might provide new targets for 
early diagnosis and treatment. To investigate the 
low expression of miR-296-5p in PTC and its 

Figure 3. A, MiR-296 decreased the cell proliferation (***p < 0.001). B, MiR-296 caused the G2/M arrest (*p < 0.05, **p < 0.01 
vs. NC group; #p < 0.05, ##p < 0.01 vs. Mimics group). 
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regulatory effects on the biological behaviors of 
PTC, PLK1 was screened and verified to be its 
target gene.

The PLK family, as a group of highly con-
served serine/threonine kinases, plays a vital role 
in cell cycle progression26,27 and deoxyribonucleic 
acid (DNA) damage response28,29, which was re-
cently considered as potential anticancer targets. 
Five members of the PLK family (PLK1-5) have 
been discovered in the mammalian cells. All 
the PLK members have similar structures, with 
a catalytic domain of serine/threonine kinase 
in the N-terminus, and the regulatory domain 
in the C-terminus includes one (PLK-4) or two 
(PLK1-PLK3) polo-box domains (PBDs)30. PLKs 
are highly expressed in approximately 80% of hu-
man tumors with different origins, but are barely 
expressed in healthy non-dividing cells, so PLKs 
are served as attractive and selective targets for 
developing anticancer drugs30,31. 

As the first discovered in Drosophila by 
Golsteyn et al32, PLK1 encodes proteins with 
a molecular weight of about 67 KD, located at 
16p12.2. Its messenger RNA (mRNA) is nearly 
2.3 KB in length. PLK1 overexpression could 
lead to enlarged volume or increased number 
of cell centrosomin. The abnormal centrosomin 
would result in incorrect aneuploidy division of 
the chromosome, thereby causing fallacious sig-
nal transduction and uncontrolled regulation of 
cell cycle, as well as triggering the tumorigen-
esis. Therefore, PLK1 is capable of promoting 
the occurrence and development of tumors33. 
Some researches demonstrated that the PLK1 is 
generally upregulated in multiple tumor tissues. 
Zhou et al18 found G2/M arrest and apoptosis 
of lung cancer cells after PLK1 knockdown 
at both mRNA and protein levels. Feng et al34 
discovered that the mRNA level of PLK1 was 
relatively high esophageal squamous cell carci-

Figure 4. The effects of miR-296-5p on cell colony formation and apoptosis. A, Assessment of colony formation. B, Apoptosis 
level tested by TUNEL staining. All data were presented as means ± standard deviations. (**p < 0.01 vs. NC group; ##p < 0.01 
vs. Mimics group). 
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noma tissues and cell lines. Its expression level 
was correlated with the TNM staging, regional 
lymph node metastasis and prognosis of esoph-
ageal carcinoma. Duan et al35 revealed that 
osteosarcoma patients with moderate expres-
sion of PLK1 had a remarkably higher 5-year 
survival rate than patients with high expression 
of PLK1. Also, PLK1 is overexpressed in a va-
riety of cancers and closely associated with the 
prognosis of a majority of tumor patients36-39. In 
this research, miR-296-5p was overexpressed 
through mimic transfection. PLK1 expression 
was inhibited by miR-296-5p in K1 cells. The 
transfection of miR-296-5p mimics in K1 cells 
arrested G2/M phase inhibited proliferative and 
colony formation capacities, which could be re-
versed by PLK1. It is indicated that miR-296-5p 
could inhibit the proliferation of PTC cells and 
promote their apoptosis by targeting PLK1.

Conclusions

We demonstrated that miR-296-5p inhibits the 
abnormal proliferation and accelerates the apop-
tosis of PTC cells by regulating downstream tar-
get gene PLK1. Therefore, PLK1 could be a good 
target for PTC treatment.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Mackenzie EJ, Mortimer RH. 6: Thyroid nodules and 
thyroid cancer. Med J Aust 2004; 180: 242-247.

  2)	 Davies L, Welch HG. Increasing incidence of thy-
roid cancer in the United States, 1973-2002. JA-
MA 2006; 295: 2164-2167.

  3)	 Zhu Z, Gandhi M, Nikiforova MN, Fischer AH, Ni-
kiforov YE. Molecular profile and clinical-patho-
logic features of the follicular variant of papil-
lary thyroid carcinoma. An unusually high prev-
alence of ras mutations. Am J Clin Pathol 2003; 
120: 71-77.

  4)	 Cui L, Zhang Q, Mao Z, Chen J, Wang X, Qu J, 
Zhang J, Jin D. CTGF is overexpressed in papillary 
thyroid carcinoma and promotes the growth of 
papillary thyroid cancer cells. Tumour Biol 2011; 
32: 721-728.

  5)	 Veiga LH, Neta G, Aschebrook-Kilfoy B, Ron E, De-
vesa SS. Thyroid cancer incidence patterns in Sao 
Paulo, Brazil, and the U.S. SEER program, 1997-
2008. Thyroid 2013; 23: 748-757.

  6)	 Frohlich E, Wahl R. The current role of targeted 
therapies to induce radioiodine uptake in thyroid 
cancer. Cancer Treat Rev 2014; 40: 665-674.

  7)	 Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-
297.

  8)	 Hale BJ, Yang CX, Ross JW. Small RNA regulation 
of reproductive function. Mol Reprod Dev 2014; 
81: 148-159.

  9)	 Liu Q, Yang W, Luo Y, Hu S, Zhu L. Correlation be-
tween miR-21 and miR-145 and the incidence 
and prognosis of colorectal cancer. J BUON 
2018; 23: 29-35.

10)	 Gao XB, Chen CL, Tian ZL, Yuan FK, Jia GL. MicroR-
NA-791 is an independent prognostic factor of 
papillary thyroid carcinoma and inhibits the prolif-
eration of PTC cells. Eur Rev Med Pharmacol Sci 
2018; 22: 5562-5568.

11)	 Qiu W, Yang Z, Fan Y, Zheng Q. MicroRNA-613 in-
hibits cell growth, migration and invasion of pap-
illary thyroid carcinoma by regulating SphK2. On-
cotarget 2016; 7: 39907-39915.

12)	 Minna E, Romeo P, Dugo M, De Cecco L, Todoerti K, 
Pilotti S, Perrone F, Seregni E, Agnelli L, Neri A, Gre-
co A, Borrello MG. miR-451a is underexpressed 
and targets AKT/mTOR pathway in papillary thy-
roid carcinoma. Oncotarget 2016; 7: 12731-12747.

13)	 Xue KC, Hu DD, Zhao L, Li N, Shen HY. MiR-577 
inhibits papillary thyroid carcinoma cell prolifera-
tion, migration and invasion by targeting SphK2. 
Eur Rev Med Pharmacol Sci 2017; 21: 3794-3800.

14)	 Chen YT, Kitabayashi N, Zhou XK, Fahey TJ, Scogna-
miglio T. MicroRNA analysis as a potential diag-
nostic tool for papillary thyroid carcinoma. Mod 
Pathol 2008; 21: 1139-1146.

15)	 Lee KH, Lin FC, Hsu TI, Lin JT, Guo JH, Tsai CH, 
Lee YC, Lee YC, Chen CL, Hsiao M, Lu PJ. MicroR-
NA-296-5p (miR-296-5p) functions as a tumor 
suppressor in prostate cancer by directly target-
ing Pin1. Biochim Biophys Acta 2014; 1843: 2055-
2066.

16)	 Li T, Lu YY, Zhao XD, Guo HQ, Liu CH, Li H, Zhou L, 
Han YN, Wu KC, Nie YZ, Shi YQ, Fan DM. MicroR-
NA-296-5p increases proliferation in gastric can-
cer through repression of Caudal-related homeo-
box 1. Oncogene 2014; 33: 783-793.

17)	 Savi F, Forno I, Faversani A, Luciani A, Caldiera S, 
Gatti S, Foa P, Ricca D, Bulfamante G, Vaira V, Bo-
sari S. miR-296/Scribble axis is deregulated in hu-
man breast cancer and miR-296 restoration re-
duces tumour growth in vivo. Clin Sci (Lond) 
2014; 127: 233-242.

18)	 Zhou Q, Bai M, Su Y. [Effect of antisense RNA tar-
geting Polo-like kinase 1 on cell cycle of lung can-
cer cell line A549]. Ai Zheng 2005; 24: 149-154.

19)	 Eggener S. Commentary on “African American 
men with very low-risk prostate cancer exhib-
it adverse oncologic outcomes after radical pros-
tatectomy: should active surveillance still be an 
option for them?” Sundi D, Ross AE, Humphreys 
EB, Han M, Partin AW, Carter HB, Schaeffer EM, 



MiR-296-5p suppresses papillary thyroid carcinoma cell growth via targeting PLK1

2091

Johns Hopkins University, Baltimore, MD. J Clin 
Oncol 2013; 31(24):2991-7. [Epub 2013 Jun 17]. 
doi: 10.1200/JCO.2012.47.0302. Urol Oncol 2014; 
32: 936.

20)	 Tomsic J, Fultz R, Liyanarachchi S, Genutis LK, Wang 
Y, Li W, Volinia S, Jazdzewski K, He H, Wakely PJ, 
Senter L, de la Chapelle A. Variants in microRNA 
genes in familial papillary thyroid carcinoma. On-
cotarget 2017; 8: 6475-6482.

21)	 Zhao H, Tang H, Huang Q, Qiu B, Liu X, Fan D, 
Gong L, Guo H, Chen C, Lei S, Yang L, Lu J, Bao G. 
MiR-101 targets USP22 to inhibit the tumorigen-
esis of papillary thyroid carcinoma. Am J Cancer 
Res 2016; 6: 2575-2586.

22)	 Li Z, Huang X, Xu J, Su Q, Zhao J, Ma J. miR-449 
overexpression inhibits papillary thyroid carcino-
ma cell growth by targeting RET kinase-beta-cat-
enin signaling pathway. Int J Oncol 2016; 49: 
1629-1637.

23)	 Dong S, Jin M, Li Y, Ren P, Liu J. MiR-137 acts as a 
tumor suppressor in papillary thyroid carcinoma 
by targeting CXCL12. Oncol Rep 2016; 35: 2151-
2158.

24)	 Song HM, Luo Y, Li DF, Wei CK, Hua KY, Song JL, Xu 
H, Maskey N, Fang L. MicroRNA-96 plays an on-
cogenic role by targeting FOXO1 and regulating 
AKT/FOXO1/Bim pathway in papillary thyroid car-
cinoma cells. Int J Clin Exp Pathol 2015; 8: 9889-
9900.

25)	 Garzon R, Marcucci G, Croce CM. Targeting mi-
croRNAs in cancer: rationale, strategies and chal-
lenges. Nat Rev Drug Discov 2010; 9: 775-789.

26)	 Barr FA, Sillje HH, Nigg EA. Polo-like kinases and 
the orchestration of cell division. Nat Rev Mol Cell 
Biol 2004; 5: 429-440.

27)	 Liu L, Zhang M, Zou P. Polo-like kinase 1 is essen-
tial to DNA damage recovery. Leuk Lymphoma 
2010; 51: 1079-1089.

28)	 Takai N, Hamanaka R, Yoshimatsu J, Miyakawa I. 
Polo-like kinases (Plks) and cancer. Oncogene 
2005; 24: 287-291.

29)	 Winkles JA, Alberts GF. Differential regulation of 
polo-like kinase 1, 2, 3, and 4 gene expression in 
mammalian cells and tissues. Oncogene 2005; 
24: 260-266.

30)	 Schoffski P. Polo-like kinase (PLK) inhibitors in 
preclinical and early clinical development in on-
cology. Oncologist 2009; 14: 559-570.

31)	 Johnson EF, Stewart KD, Woods KW, Giranda VL, 
Luo Y. Pharmacological and functional compar-
ison of the polo-like kinase family: insight into 
inhibitor and substrate specificity. Biochemistry 
2007; 46: 9551-9563.

32)	 Golsteyn RM, Schultz SJ, Bartek J, Ziemiecki A, Ried T, 
Nigg EA. Cell cycle analysis and chromosomal lo-
calization of human Plk1, a putative homologue of 
the mitotic kinases Drosophila polo and Saccha-
romyces cerevisiae Cdc5. J Cell Sci 1994; 107 (Pt 
6): 1509-1517.

33)	 Yang X, Li H, Zhou Z, Wang WH, Deng A, Andri-
sani O, Liu X. Plk1-mediated phosphorylation of 
Topors regulates p53 stability. J Biol Chem 2009; 
284: 18588-18592.

34)	 Feng YB, Lin DC, Shi ZZ, Wang XC, Shen XM, Zhang 
Y, Du XL, Luo ML, Xu X, Han YL, Cai Y, Zhang ZQ, 
Zhan QM, Wang MR. Overexpression of PLK1 is 
associated with poor survival by inhibiting apop-
tosis via enhancement of survivin level in esoph-
ageal squamous cell carcinoma. Int J Cancer 
2009; 124: 578-588.

35)	 Duan Z, Ji D, Weinstein EJ, Liu X, Susa M, Choy E, 
Yang C, Mankin H, Hornicek FJ. Lentiviral shRNA 
screen of human kinases identifies PLK1 as a po-
tential therapeutic target for osteosarcoma. Can-
cer Lett 2010; 293: 220-229.

36)	 Jeong SB, Im JH, Yoon JH, Bui QT, Lim SC, Song 
JM, Shim Y, Yun J, Hong J, Kang KW. Essential 
role of polo-like kinase 1 (Plk1) oncogene in tu-
mor growth and metastasis of tamoxifen-resistant 
breast cancer. Mol Cancer Ther 2018; 17: 825-
837.

37)	 Zhang Z, Zhang G, Kong C. High expression of po-
lo-like kinase 1 is associated with the metastasis 
and recurrence in urothelial carcinoma of bladder. 
Urol Oncol 2013; 31: 1222-1230.

38)	 Han DP, Zhu QL, Cui JT, Wang PX, Qu S, Cao QF, 
Zong YP, Feng B, Zheng MH, Lu AG. Polo-like ki-
nase 1 is overexpressed in colorectal cancer and 
participates in the migration and invasion of col-
orectal cancer cells. Med Sci Monit 2012; 18: 
BR237-BR246.

39)	 Sero V, Tavanti E, Vella S, Hattinger CM, Fanelli M, 
Michelacci F, Versteeg R, Valsasina B, Gudeman B, 
Picci P, Serra M. Targeting polo-like kinase 1 by 
NMS-P937 in osteosarcoma cell lines inhibits tu-
mor cell growth and partially overcomes drug re-
sistance. Invest New Drugs 2014; 32: 1167-1180.


