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miR-17-5p knockdown inhibits proliferation, autophagy and promotes
apoptosis in thyroid cancer via targeting PTEN
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Thyroid cancer is one common endocrine malignancy with various pathological types. MicroRNAs (miRNAs) play
essential roles in development, prognosis and treatment of thyroid cancer. However, the role of miR-17-5p in thyroid
cancer progression and its mechanism remain poorly understood. The expressions of miR-17-5p and phosphatase and
tensin homolog (PTEN) were measured in thyroid cancer tissues and cells by quantitative real-time polymerase chain
reaction or western blot. Cell proliferation and apoptosis were detected by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide assay and flow cytometry, respectively. The protein levels of biomarkers in autophagy or protein
kinase B (AKT)/mechanistic target of rapamycin (mTOR) pathway were analyzed by western blot. The interaction between
miR-17-5p and PTEN was probed by luciferase activity assay. We found that miR-17-5p expression was elevated and PTEN
level was reduced in thyroid cancer tissues and cells compared with their corresponding controls. Knockdown of miR-17-5p
or overexpression of PTEN suppressed cell proliferation and autophagy but promoted apoptosis in thyroid cancer cells.
PTEN was indicated as a target of miR-17-5p and its interference reversed abrogation of miR-17-5p-mediated inhibition
of proliferation and autophagy and increase of apoptosis. Moreover, downregulation of miR-17-5p impeded the activation
of AKT/mTOR pathway in thyroid cancer cells, which was attenuated by silencing PTEN. Our data supported that knock-
down of miR-17-5p upregulated PTEN expression, therefore leading to suppression of the malignancy of thyroid cancer and

inactivation of AKT/mTOR pathway, providing a novel avenue for treatment of thyroid cancer.
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Thyroid cancer is the most common endocrine malig-
nancy with approximately 77% of cases in women world-
wide [1]. The thyroid cancer is usually classified as papillary
thyroid cancer, follicular thyroid cancer, medullary thyroid
cancer and anaplastic thyroid cancer [2]. Among them,
papillary thyroid cancer accounts for about 85% of thyroid
cancer cases. Although great developments have been gained
in diagnosis and treatment of thyroid cancer, its incidence
remains growing [3]. Therefore, there is an urgent need
to explore novel strategies for diagnosis and treatment of
thyroid cancer.

MicroRNAs (miRNAs) are a class of non-coding RNAs
with ~22 nucleotides, which play essential roles in progres-
sion of endocrine-related cancers [4]. The available evidence
indicates that miRNAs are associated with thyroid devel-
opment, function and tumorigenesis [5]. For example,
Liu et al. reported that miR-4728 inhibits cell proliferation
by regulating mitogen-activated protein kinase (MAPK)
pathway in papillary thyroid cancer [6]. Wang et al. revealed

that miR-299-5p suppresses migration and invasion by
targeting estrogen receptor alpha in papillary thyroid
cancer [7]. MiR-17-5p has been suggested to contribute to
cell proliferation and tumor growth by regulating p21 in
nasopharyngeal carcinoma [8]. Moreover, Cai et al. provided
evidence that miR-17-5p promoted cell proliferation and
metastasis via regulating transforming growth factor-f
receptor 2 (TGFBR2) in cervical cancer [9]. In addition,
miR-17-5p could induce proliferation and epithelial-mesen-
chymal transition by inhibiting SRC kinase signaling inhib-
itor 1 in osteosarcoma [10]. Previous study demonstrated
that miR-17-5p is highly expressed in thyroid cancer [11].
However, the effect of miR-17-5p on thyroid cancer progres-
sion and its underlying mechanism are largely unknown.
Phosphatase and tensin homolog (PTEN) has been appre-
ciated as an important tumor suppressor and to oppose
phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT) pathway in human cancers [12]. Accruing works have
revealed that PTEN is involved in progression of cancers and
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negatively correlated with AKT signaling in hypopharyn-
geal carcinoma, non-small cell lung cancer and esophageal
squamous cell carcinoma [13-15]. Previous study suggested
that loss of PTEN is associated with progression of papillary
thyroid cancer [16]. In this study, we sought to investigate the
roles of miR-17-5p and PTEN in thyroid cancer progression
and explore the potential interaction between miR-17-5p
and PTEN/AKT/mechanistic target of rapamycin (mTOR)
signaling pathway.

Materials and methods

Tissue samples. The 25 paired tumor samples and corre-
sponding normal tissues were collected from patients with
thyroid cancer from Tangshan Workers Hospital. All samples
were snap-frozen and stored at —-80 °C until used. All partici-
pants without history of chemotherapy or radiotherapy have
signed the informed consent. This study was approved by the
Research Ethics Committee of Tangshan Workers Hospital.

Cell culture and transfection. The human thyroid
follicular cell line Nthy-ori 3-1 and thyroid cancer cell lines
(TPC-1, FTC-133, B-CPAP and SW579) were purchased
from American Tissue Culture Collection (Manassas, VA,
USA). All cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM; Gibco, Carlsbad, CA, USA) with 10%
fetal bovine serum (FBS; Gibco), 100 U/ml penicillin and
100 pg/ml streptomycin (Gibco) at 37 °C and 5% CO,.

MiR-17-5p antagomir (antagomiR-17-5p), antagomir
negative control (antagomiR-NC), miR-17-5p agomir
(agomiR-17-5p), agomir negative control (agomiR-NC),
PTEN overexpression vector (pc-PTEN), pcDNA empty
vector (pc-NC), small interfering RNA (siRNA) against
PTEN (si-PTEN) and siRNA negative control (si-NC) were
synthesized by Genepharma (Shanghai, China). Cell trans-
fection was performed in TPC-1 and FTC-133 cells by
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
following the manufacturer’s instructions.

Quantitative real-time polymerase chain reaction
(qRT-PCR). Total RNA was isolated from tissues or cells
via using TRIzol reagent (Invitrogen) according to the
manufacturer’s instructions. The c¢DNA was obtained
by TransScript miRNA First stand cDNA Synthesis
SuperMix (TransGen Biotech, Beijing, China) and used for
qRT-PCR with SYBR green (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s instruc-
tions. The relative expressions of miR-17-5p and PTEN
were detected with U6 small RNA or GAPDH as internal
control using 2*4“ method [17]. The primers used in
this study were listed as follows: miR-17-5p (Forward,
5-CCAGGATCCTTTATAGTTGTTAGAGTTTG-3’;
Reverse, 5-CGGAATTCTAATCTACTTCACTATCTG-
CAC-3’), U6 (Forward, 5-GCTTCGGCAGCACATA-3’;
Reverse, 5-ATGGAACGCTTCACGA-3’), PTEN
(Forward, 5-AAGACAAAGCCAACCGATAC-3’; Reverse,
5-GAAGTTGAACTGCTAGCCTC-3’), GAPDH (Forward,

5-ACCTGACCTGCCGTCTAGAA-3’; Reverse, 5-TCCAC-
CACCCTGTTGCTGTA-3).

Cell proliferation. 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT) assay was
performed to measure cell proliferation. TPC-1 and FTC-133
cells (5000 cells per well) were seeded into 96-well plates
and cultured for 24, 48 or 72 h. Then cells were incubated
with 0.5 mg/ml MTT solution (Sigma, St. Louis, MO, USA)
for another 4 h. After the solubilization of formazan with
dimethyl sulfoxide (DMSO; Thermo Fisher, Wilmington,
DE, USA), the absorbance was measured at 570 nm using a
microplate reader (Bio-Rad, Hercules, CA, USA).

Cell apoptosis. Annexin V-fluorescein isothiocya-
nate (FITC)/propidium iodide (PI) apoptosis detection kit
(Solarbio, Beijing, China) was used to analyze cell apoptosis
via flow cytometry. After the culture for 72 h, TPC-1 and
FTC-133 cells were washed with cold PBS and resuspended
in binding buffer, followed by stained with 5 ul Annexin
V-FITC for 10 min and 5 pl PI for 5 min in the dark at room
temperature. The positive cells were analyzed by using a flow
cytometer (Becton Dickinson, San Jose, CA, USA).

Western blot. After washed with cold PBS, TPC-1
and FTC-133 cells were lysed by using RIPA lysis buffer
(Beyotime Biotech, Shanghai, China). Total proteins were
quantified by using BCA protein assay kit (Thermo Fisher)
and then denatured at 100°C for 10 min. Equal amounts of
proteins were separated on SDS-PAGE gel and then trans-
ferred to polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA). The membranes were blocked with 5%
non-fat milk for 1 h at room temperature, incubated with
primary antibodies overnight at 4°C and then interacted
with horseradish peroxidase-conjugated secondary antibody
for 2 h at room temperature. The antibodies against LC3, p62,
PTEN, AKT, p-AKT (Ser473), mTOR, p-mTOR (Ser2448)
or GAPDH and HRP-conjugated secondary antibody were
purchased from Cell Signaling Technology (Danvers, MA,
USA). GAPDH was used as loading control and the protein
signals were visualized using enhanced chemiluminescence
chromogenic substrate (Beyotime Biotech).

Luciferase activity assay. The putative binding sites of
miR-17-5p and PTEN were predicted by TargetScan online.
The 3’ untranslated regions (3’-UTR) sequences of PTEN
containing wild-type (WT) or mutant (MUT) binding sites
of miR-17-5p were cloned into the pMIR-REPORT vectors
(Promega, Madison, WI, USA) to synthesize luciferase
reporter vectors (WT-PTEN or MUT-PTEN). TPC-1 and
FTC-133 cells were co-transfected with luciferase reporter
vector, control vector and agomiR-17-5p or agomiR-NC
using Lipofectamine 2000 according to the manufacturer’s
protocols. After the transfection for 48 h, cells were collected
for luciferase activity analysis with luciferase assay kit
(Promega) according to the manufacturer’s instructions.

Statistical analysis. Data were expressed as the mean +
standard deviation (S.D.) from three independent experi-
ments. The relationship between the expression levels of
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miR-17-5p and PTEN was investigated by spearman rank
correlation. The differences between groups were measured
by student’s ¢ test or one-way analysis of variance (ANOVA)
using GraphPad Prism 7 (GraphPad Inc., La Jolla, CA, USA).
A p-value <0.05 was regarded as statistically significant.

Results

MiR-17-5p expression is increased in thyroid cancer.
To explore the potential role of miR-17-5p in thyroid cancer
progression, its expression was first measured in thyroid
cancer samples. Results showed that the expression of
miR-17-5p was abnormally enhanced by 3.1-fold in thyroid
cancer tissues compared with that in adjacent normal tissues
(Figure 1A). Moreover, miR-17-5p level was obviously
higher in thyroid cancer cells than that in control Nthy-ori
3-1 cells (Figure 1B). Hence, TPC-1 and FTC-133 cells with
relative higher miR-17-5p abundance were used for further
experiments.

Abrogation of miR-17-5p inhibits progression of
thyroid cancer. To investigate the effect of miR-17-5p on
thyroid cancer progression in vitro, TPC-1 and FTC-133
cells were transfected with antagomiR-17-5p or antagomiR-
NC. As a result, the abundance of miR-17-5p was effec-
tively reduced in TPC-1 and FTC-133 cells transfected with
antagomiR-17-5p compared with that in antagomiR-NC
group (Figure 2A). In addition, knockdown of miR-17-5p
significantly decreased proliferation of TPC-1 and FTC-133
cells at 72 h (Figures 2B and 2C, Figure S1A). Moreover, great
increase of apoptosis was displayed in TPC-1 and FTC-133
cells transfected with antagomiR-17-5p compared with that
in antagomiR-NC group at 72 h (Figures 2D and 2E). Besides,
inhibition of miR-17-5p led to obvious loss of LC3 II/I ratio
and increase of p62 protein level in TPC-1 and FTC-133 cells
(Figures 2F-2H).
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PTEN is a target of miR-17-5p. To explore the potential
mechanism that allows miR-17-5p participating in thyroid
cancer progression, the promising targets of miR-17-5p were
predicted by TargetScan. Bioinformatics analysis provided
the putative binding sites of miR-17-5p and PTEN, suggesting
that PTEN might be a target of miR-17-5p (Figure 3A). To
validate this prediction, we constructed WT or MUT lucif-
erase reporter vector. Results showed that overexpression
of miR-17-5p resulted in great loss of luciferase activity in
TPC-1 and FTC-133 cells transfected with WT-PTEN,
while its efficacy was lost in MUT-PTEN group (Figures 3B
and 3C). Subsequently, the effect of miR-17-5p on PTEN
expression was analyzed in thyroid cancer cells. Addition
of miR-17-5p notably decreased the level of PTEN protein
in TPC-1 and FTC-133 cells, while inhibition of miR-17-5p
caused an opposite effect (Figures 3D and 3E).

PTEN mRNA level is downregulated in thyroid cancer.
Seeing that PTEN was indicated as a target of miR-17-5p, the
expression of PTEN was detected in thyroid cancer samples.
Compared with normal samples, thyroid cancer tissues
showed low expression of PTEN at mRNA level (Figure 4A).
Similarly, the mRNA level of PTEN was markedly decreased
in TPC-1 and FTC-133 cells compared with that in Nthy-ori
3-1 cells (Figure 4B). Moreover, following the spearman
rank correlation analysis, the expression of PTEN mRNA
in thyroid cancer tissues was negatively correlated with
miR-17-5p abundance (R*=0.2461, p=0.0117) (Figure 4C).

Addition of PTEN represses progression of thyroid
cancer. To evaluate the role of PTEN in thyroid cancer
progression, TPC-1 and FTC-133 cells were transfected
with pc-PTEN or pc-NC. After the transfection, the expres-
sion of PTEN protein was effectively elevated in TPC-1 and
FTC-133 cells transfected with pc-PTEN compared with that
in pc-NC group (Figures 5A and 5B). Moreover, overexpres-
sion of PTEN significantly protected against proliferation of
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Figure 1. The expression of miR-17-5p is upregulated in thyroid cancer samples. A) The level of miR-17-5p was measured in thyroid cancer tissues and
adjacent normal tissues by qRT-PCR, n=25. B) The abundance of miR-17-5p was detected in thyroid cancer cells and normal cell line by qRT-PCR.

*p<0.05.



252

Y. P. SHI, G. L. LIU, S. LI, X. L. LIU

>
vy

Il AntagomiR-NC
AntagomiR-17-5p

o

(@)

TPCA1 FTC-133

5 15
5 £ -e- AntagomiR-NC £ -»- AntagomiR-NC
wa d * € - AntagomiR-17-5p c -+ AntagomiR-17-5p
g "‘,; 1.0 E 1.0 . E 1.0
S Py o *
$E s %05 T 05
£5"” 5 Tz a
& o o

0.0 T T 0.0 . . . 0.0 T

N D 24 h 48 h 72h 24 h 48 h 72h
& N
Q&
TPC-1 FTC-133 Il AntagomiR-NC

AntagomiR-NC  AntagomiR-17-5p

AntagomiR-NC  AntagomiR-17-5p

25 AntagomiR-17-5p N

gzo * -
g T
Z [
i . & | . ‘ | ol 2
I ' i ' ! i i , 810
o' | '] g ] ' " g
ERE SENE SN & s
O ] g e e < -
> 0 . .
Annexin V-FITC
/8("\ &
Q«
TPC-1 FTC-133
i Il AntagomiR-NC
LC3 | e -— Il AntagomiR-NC RNC
LC3 || - — — - E 15 AntagomiR-17-5p E 4 AntagomiR. 17*5p
p62 | — | m— L §= 10 ﬁ 3 * T
8= - 5o
GAPDH e s s §§ g :f
>'6 05 >
’é(a ,\’o,Q 'eo ,\f)Q 8 ] £
& N & X 3 5
& & & & & s
O 3 ) Q 0.0
2> o& ) o&
& O &S
v @ Y °
v v

Figure 2. MiR-17-5p knockdown inhibits proliferation and autophagy but promotes apoptosis in thyroid cancer cells. A) The expression of miR-17-5p
was measured in TPC-1 and FTC-133 cells transfected with antagomiR-17-5p or antagomiR-NC by qRT-PCR. B and C) Cell proliferation was detected
in TPC-1 and FTC-133 cells transfected with antagomiR-17-5p or antagomiR-NC at 24, 48 or 72 h by MTT assay. D and E) Cell apoptosis was examined
in TPC-1 and FTC-133 cells transfected with antagomiR-17-5p or antagomiR-NC by flow cytometry. F-H) The levels of LC3 II/I ratio and p62 protein
were analyzed in TPC-1 and FTC-133 cells transfected with antagomiR-17-5p or antagomiR-NC by western blot. *p<0.05.

TPC-1 and FTC-133 cells (Figures 5C and 5D, Figure S1B).
However, abundant accumulation of PTEN resulted in great
increase of apoptosis in TPC-1 and FTC-133 cells compared
with pc-NC group at 72 h (Figures 5E and 5F). In addition,
obvious suppression of LC3 II/I ratio and increase of p62
levels were detected in TPC-1 and FTC-133 cells trans-
fected with pc-PTEN compared with that in pc-NC group
(Figures 5G-5I).

Silencing PTEN reverses downregulation of miR-17-
5p-mediated inhibition of thyroid cancer progression.
To explore whether PTEN was required for miR-17-5p-
mediated progression of thyroid cancer, TPC-1 and FTC-133
cells were transfected with antagomiR-NC, antagomiR-17-5p,
antagomiR-17-5p and si-NC or si-PTEN. As a result, trans-
fection efficacy analysis revealed that transfection of si-PTEN

attenuated the promoted effect of miR-17-5p knockdown on
PTEN protein level in TPC-1 and FTC-133 cells (Figures 6A
and 6B). MTT assay showed that interference of PTEN
attenuated knockdown of miR-17-5p-mediated inhibition
of proliferation in TPC-1 and FTC-133 cells (Figures 6C
and 6D, Figure S1C). Moreover, absence of PTEN abated
downregulation of miR-17-5p-induced apoptosis of TPC-1
and FTC-133 cells (Figure 6E). Additionally, depletion of
PTEN evidently alleviated the regulatory effect of miR-17-5p
exhaustion on LC3 II/I ratio and p62 expression in TPC-1
and FT'C-133 cells (Figures 6F-6H).

MiR-17-5p knockdown inhibits AKT/mTOR pathway
by regulating PTEN in thyroid cancer cells. To further
elucidate the molecular mechanism, the potential signaling
pathway was explored in TPC-1 and FTC-133 cells trans-
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Figure 3. PTEN is a target of miR-17-5p. A) The potential binding sites of miR-17-5p and PTEN were provided by TargetScan. B and C) Luciferase
activity was analyzed in TPC-1 and FTC-133 cells co-transfected with WT-PTEN or MUT-PTEN and agomiR-17-5p or agomiR-NC. D and E) The ex-
pression of PTEN protein was measured in TPC-1 and FTC-133 cells transfected with agomiR-NC, agomiR-17-5p, antagomiR-17-5p or antagomiR-NC

by western blot. *p<0.05.
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Figure 4. The expression of PTEN is downregulated in thyroid cancer sa

mples. A and B) The expression of miR-17-5p was measured in thyroid cancer

tissues (n=25) and cells by qRT-PCR. C) The relationship between expressions of miR-17-5p and PTEN in thyroid cancer tissues was explored by spear-

man rank correlation. *p<0.05.
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Figure 5. PTEN overexpression suppresses proliferation and autophagy but increases apoptosis in thyroid cancer cells. A and B) The expression of
PTEN protein was measured in TPC-1 and FTC-133 cells transfected with pc-PTEN or pc-NC by western blot. Cell proliferation (C and D), apoptosis
(E and F) and autophagy (G-I) were detected in TPC-1 and FTC-133 cells transfected with pc-PTEN or pc-NC by MTT assay, flow cytometry or western

blot, respectively. *p<0.05.

fected with antagomiR-NC, antagomiR-17-5p, antagomiR-
17-5p and si-NC or si-PTEN. Results showed that abrogation
of miR-17-5p obviously limited the phosphorylation of AKT
(Ser473), which was overturned by interference of PTEN,
while it showed little effect on total AKT level in TPC-1
and FTC-133 cells (Figures 7A-C). Similarly, deficiency of
miR-17-5p significantly hindered the activation of mTOR
(Ser2448), which was weakened by silencing of PTEN,
whereas it failed to show efficacy for total mTOR level in
TPC-1 and FTC-133 cells (Figures 7D and 7E).

Discussion

MiRNA supplementary therapy has become one promising
strategy for the treatment of different types of thyroid cancer
[18]. MiR-17-5p, as an attractive miRNA, has been reported
to serve as an important oncogene in human cancers, such
as osteosarcoma, cervical cancer, nasopharyngeal, breast

cancer, pancreatic cancer and gastric cancer [8-10, 19-21].
However, its role in thyroid cancer remains largely unclear. In
this study, we first investigated the effect of miR-17-5p on cell
proliferation, apoptosis and autophagy in thyroid cancer and
then explored the potential underlying mechanism.

Here, we first measured the abundance of miR-17-5p in
thyroid cancer tissues and cells and found that miR-17-5p
expression was enhanced in cancer tissues and cells compared
with that in controls, which is also in agreement with
former report [11]. Subsequently, loss-of-function experi-
ments revealed that knockdown of miR-17-5p inhibited cell
proliferation but increased apoptosis in thyroid cancer cells,
suggesting miR-17-5p as an oncogene in thyroid cancer.
Moreover, autophagy has been reported to be involved in
initiation, progression and therapeutics of thyroid cancer
[22]. Hence, this study also evaluated the effect of miR-17-5p
on expressions of autophagy-related protein (LC3 and
p62). The reduction of ratio of LC3 II/I and increase of p62
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Figure 6. Interference of PTEN reverses exhaustion of miR-17-5p-mediated progression of thyroid cancer. The PTEN protein levels (A and B), cell
proliferation (C and D), apoptosis (E) and autophagy (F-H) were measured in TPC-1 and FTC-133 cells transfected with antagomiR-NC, antagomiR-
17-5p, antagomiR-17-5p and si-NC or si-PTEN by MTT assay, flow cytometry or western blot, respectively. *p<0.05.

expression uncovered that abrogation of miR-17-5p blocked
autophagy formation in thyroid cancer cells. Functional
miRNAs are known to regulate target expressions by binding
their 3’-UTR sequences. Therefore, to validate the underlying
mechanism that allows miR-17-5p participating in above
progress, we analyzed the potential targets of miR-17-5p. A
number of investigators have reported the potential relation-
ship of miR-17-5p and PTEN in gastric cancer, breast cancer,
pancreatic cancer and hepatocellular cancer [23-26]. Never-
theless, there is no direct evidence in support of the inter-

action between miR-17-5p and PTEN in thyroid cancer.
In the present work, luciferase reporter assay showed that
introduction of miR-17-5p reduced the luciferase activity of
WT-PTEN luciferase reporter vector in thyroid cancer cells,
indicating that PTEN might also be a functional target of
miR-17-5p in thyroid cancer.

PTEN has been indicated as an important tumor
suppressor and restoration of its activity created novel
avenue for cancer prevention and treatment [27]. Han et al.
have reported that inactivation of PTEN/PI3K/AKT pathway
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by western blot. *p<0.05.

suppressed tumorigenesis of papillary thyroid cancer [28].
Moreover, restoration of PTEN was suggested to attenuate
miR-146b-induced migration and invasion in thyroid cancer
[29]. These works indicated that PTEN might function as
a tumor suppressor in thyroid cancer. Similar to our effort,
qRT-PCR assay showed that PTEN abundance was decreased
in thyroid cancer tissues and cells and its addition suppressed
proliferation and autophagy but promoted apoptosis in
thyroid cancer cells, which also indicated PTEN as thyroid
cancer suppressor. In addition, rescue experiments revealed
that interference of PTEN weakened the regulatory effect of
knockdown of miR-17-5p on proliferation, apoptosis and
autophagy. This reflected that miR-17-5p addressed progres-
sion of thyroid cancer by targeting PTEN.

AKT/mTOR signaling pathway is positively implicated in
development and progression of thyroid cancer [30, 31]. The
available evidences have indicated PTEN as critical mediator
in PI3K/AKT/mTOR pathway in human cancers, including
thyroid cancer [32, 33]. Thus, to further underlie the potential
mechanism, we speculated whether miR-17-5p might facili-
tate progression of thyroid cancer by regulating PTEN/AKT/
mTOR pathway. Western blot analysis revealed that inhibi-
tion of miR-17-5p impeded the phosphorylation of AKT and
mTOR, which was reversed by silencing PTEN. These data
validated that miR-17-5p knockdown could inactivate AKT/
mTOR pathway by PTEN upregulation. In addition, mTOR
signaling is suggested as an inhibitor of autophagy-associated
cell death [34]. However, our study showed that knockdown
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of miR-17-5p-mediated proliferation inhibition was induced
by apoptosis but not autophagy. This stimulated us to hypoth-
esize that the autophagy might be modulated by mTOR
independent pathway, which needs further investigation.

In conclusion, miR-17-5p expression was increased in
thyroid cancer tissues and cells in comparison to that in
corresponding controls. MiR-17-5p deficiency inhibited cell
proliferation and autophagy, induced apoptosis, and blocked
the activation of AKT/mTOR pathway in thyroid cancer
cells, possibly by targeting PTEN. This may elucidate a new
regulatory mechanism for understanding the progression of
thyroid cancer and provide a novel avenue for treatment of
thyroid cancer.

Supplementary information is available in the online version
of the paper.
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Figure S1. The cell viability of TPC-1 and FTC-133. A) Cell viability was measured in TPC-1 and FTC-133 cells transfected with antagomiR-NC or
antagomiR-17-5p. B) Cell viability was measured in TPC-1 and FTC-133 cells transfected with pc-NC or pc-PTEN. C) Cell viability was measured in
TPC-1 and FTC-133 cells transfected with antagomiR-NC, antagomiR-17-5p, antagomiR-17-5p and si-NC or si-PTEN. *p<0.05.



