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Abstract
MicroRNA (miRNA) has been reported to exert important functions in papillary thyroid carcinomas (PTC). However, the role 
of miRNA in aggressive PTC (APTC) remains unclear. Here, we investigated the diagnostic potentials and mechanisms of 
miR-221/222 in APTC. Results showed that miR-221/222 were markedly up-regulated in PTC, compared with the adjacent 
normal tissue (ANT). A high expression of miR-221/222 were associated with a primary tumor, regional lymph node, and 
distant metastasis (TNM) stage, multicentricity, lymph node metastasis, and extra-thyroidal extension. Receiver operating 
characteristic (ROC) curve analysis indicated that miR-221/222 could be used as APTC diagnostic markers. Moreover, miR-
221/222 tremendously promoted migration and invasion and inhibited apoptosis and autophagy in PTC cells. A luciferase 
assay showed that miR-221/222 inhibited the fluorescent activity of autophagy-related protein 10 (ATG10). Furthermore, 
miR-221/222 decreased ATG10 mRNA and protein levels. Silencing of ATG10 significantly abrogated the effect of miR-
221/222 on apoptosis and autophagy. We suggested that miR-221/222 can promote migration and invasion, and inhibit 
autophagy and apoptosis by targeting ATG10 in APTC.

Keywords  microRNA-221/222 · Receiver operating characteristic curve · Diagnostic markers · Aggressive papillary 
thyroid carcinoma · qRT-PCR

Introduction

Papillary thyroid carcinoma (PTC) is the most common type 
of thyroid carcinoma, accounting for more than 90% of all 
thyroid cancers (Kitahara and Sosa 2016). The incidence of 
advanced-stage PTC is steadily increasing, which is largely 
driven by an increasing worldwide trend in thyroid cancer 
incidence (Wang and Sosa 2018; Zheng et al. 2009). Aggres-
sive PTC (APTC) is an aggressive form of PTC with colum-
nar variants and moderate differentiation (Costa et al. 2008). 
Thus, aggressiveness was the primary cause of progression 
and recurrence of PTC. PTC could be readily diagnosed 
using a cytological examination of a nodule aspirated using a 
fine-needle due to the fact that a solitary thyroid nodule usu-
ally appears in thyroid carcinoma patients (Sherman 2003). 
Fine needle aspiration cytology of the thyroid has inherent 
limitations, producing 20–30% of determinate results. How-
ever, this limitation might be overcome using a molecular 
diagnosis (Eszlinger et al. 2017). Therefore, the investigation 
and identification of diagnostic biomarkers could contribute 
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to the exploration of effective schemes for APTC diagnosis 
and therapy.

MicroRNAs (miRNAs) are 20–25 nucleotides in length, 
which are small non-coding RNA strands that are evolution-
ary conserved (Lemcke and David 2018). Many miRNAs 
could derive from genetics and exert a coordinated expres-
sion and function; for example, miR-221 and miR-222 (miR-
221/222) are expressed in the same single transcript, which 
was found to belong to the X chromosome (Jeong et al. 
2017). Studies have reported that the dysregulation of miR-
221/222 was ubiquitously detected, and that they could serve 
as oncogenes in all types of tumors, such as gastric cancer 
(Ning et al. 2017), prostate carcinoma (Galardi et al. 2011), 
glioblastoma (Galardi et al. 2011), breast cancer (Shah and 
Calin 2011), and cervical cancer (Yang et al. 2016). In a pre-
vious review, miR-221/222 have incurred broad attention as 
a targeting choice in cancer therapies and might be described 
as diagnostic, prognostic, and therapeutic biomarkers in var-
ious diseases, including cancer (Song et al. 2017; Di Martino 
et al. 2016; Sredni et al. 2010; Zhang et al. 2016). MiRNAs 
are also expected to identify mutation-negative malignant 
nodules, as part of the rule-in approach, and are consid-
ered to provide additional markers (Eszlinger et al. 2017). 
Studies have reported that miR-221 (Deng et al. 2017) and 
miR-222 (Lee et al. 2013) could serve as potential biomark-
ers in recurrent PTC. However, whether miR-221/222 could 
be considered diagnostic biomarkers of APTC has not been 
studied.

Autophagy is an evolutionarily conserved mechanism 
of lysosomal-mediated bulk degradation of cytoplasmic 
components in all eukaryotic cells, and plays an important 
role in cellular homeostasis (Karakaş and Gözüaçik 2014; 
Yu et al. 2019). Autophagy also plays an important role in 
maintaining cellular homeostasis (Gomes and Dikic 2014) 
and resisting foreign pathogens, together with the immune 
system (Zhao et al. 2017). In recent years, many laboratories 
have made tremendous contributions to the understanding 
and appreciation of physiologically significant molecules 
of the autophagy process (Nakatogawa et al. 2009; Lev-
ine and Kroemer 2008; Mizushima 2007; Xie and Klion-
sky 2007). It has been reported that miRNA-221 induces 
autophagy by inhibiting HDAC6 expression and promotes 
apoptosis of pancreatic cancer cells (Yang et al. 2018). MiR-
221 targets TP53INP11 to inhibit autophagy of colorectal 
cancer (CRC) cells (Liao et al. 2018). However, whether 
miR-221/222 affect autophagy and apoptosis of PTC cells, 
remains unclear.

In our study, to explore the diagnostic potential of miR-
221/222 in APTC, the correlation between the expression of 
miR-221/222 and APTC was analyzed using ROC curves. 
The role of miR-221/222 in autophagy and apoptosis was 
measured using western blot (WB) and FACS. Moreover, 
we used a luciferase assay to confirm the interaction of 

miR-221/222 with autophagy-related protein 10 (ATG10) 
to illustrate the miR-221/222 mechanism.

Methods

Clinical specimens

To study the expression of miR-221/222 in PTC and nor-
mal tissues, the tissues of PTC and their matched adjacent 
normal tumor tissues (ANT) were obtained from PTC 
patients (n = 10) undergoing curative-intent surgery at the 
Department of Surgery, Jing’An District Central Hospital, 
between July 2010 and May 2013. This study was approved 
by the ethics committee of Jing’An District Central Hospital 
(Shanghai, China). All patients provided a written informed 
consent. All tissues of PTC and their ANT were immediately 
separated during surgery, snap-frozen in liquid nitrogen, 
and preserved at − 80 °C. The clinical information for these 
patients is presented in Table 1.

Additionally, to investigate the association of miR-
221/222 with aggressive PTC, 47 APTC and 40 PTC 
patients were included. The inclusion criteria of APTC: (1) 
The PTC was confirmed by its pathology. (2) The tumors 
display extra-thyroidal extension and invasion of adjacent 
tissues or organs, which was confirmed using combined 
CT or Magnetic Resonance Imaging (MRI) manifestations, 
findings during operation, intraoperative frozen examination, 
and postoperative paraffin pathological results. The clinico-
pathologic variables were collected and included age, sex, 
tumor size, TNM stage, multicentricity, LN metastasis, and 
APTC. The clinicopathological information of patients with 
PTC is presented in Table 2.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)

Trizol reagent (Invitrogen, MA, USA) was used to extract 
RNA from PTC tissues and their ANT. NanoDrop 1000 
(Thermo Fisher Scientific, MA, USA) was used to evaluate 

Table 1   Clinical information of patients with PTC

PTC papillary thyroid carcinoma

Characteristics Patient (n = 10)

Mean age (range), years 59.1 ± 8.65
Male:female 7:3
Differentiation degree
 High 2
 Medium 6
 Low 2

Proportion of tumor (%) 50 ± 15.97
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the concentration and quality of the RNA. For the detection 
of mature miRNA, miRNAs were reverse transcribed into 
complementary DNA (cDNA) using Thermo Scientific™ 
RevertAidAM First Strand cDNA Synthesis kit (#K1622). 
qRT-PCR involved the appropriate TaqMan miRNA assay 
(Applied Biosystems Inc., Carlsbad, USA) and was per-
formed using an ABI Q6 detection system (Applied Biosys-
tems Inc., Carlsbad, USA). The comparative threshold (Ct) 
cycle method (2–ΔΔCt) was used to assess the relative expres-
sion of miRNA (Yang et al. 2016). Quantification of U6 
served as an endogenous control. Table 3 shows the primer 
sequences, which were designed and synthesized (Yingbio, 
Shanghai, China).

Cell culture and cell transfection

Human PTC cell line K1 and human renal epithelial cell 
line 293 T (tool cell) was obtained from the Cell Bank of 
Type Culture Collection of Chinese Academy of Sciences 
in China. Cells were cultured in RPMI 1640 medium (Corn-
ing, NY, USA), supplemented with 10% fetal bovine serum 
(FBS) (Sangon Biotech, Shanghai, China), 100 U/mL peni-
cillin G, and 100 g/mL streptomycin (Sigma-Aldrich Co., St. 
Louis, USA) and maintained at 37 °C in a humidified cell 
incubator containing 5% CO2. The cells were selected for 

further experiments at the exponential phase. The cultured 
K1 cells (3 × 105) were uniformly seeded in six-well cultured 
plates. After cells were completely adherent, they were tran-
siently transfected at 37 °C for 24 h with miR-221/222 mim-
ics, mimics negative control (NC), miR-221/222 inhibitor, 
inhibitor NC, and miR-221/222 inhibitor + ATG10 siRNA 
(designed and synthesized by Invitrogen, MA, USA) with a 
final concentration of 50 nM, together with NC or ATG10 
siRNA, using Lipofectamine™ 2000 (Invitrogen, MA, 
USA).

Flow cytometric analysis of apoptosis

K1 cells were sourced from the Cell Bank of Type Cul-
ture Collection of Chinese Academy of Sciences, and were 
transfected with miR-221/222 mimics, mimics NC, miR-
221/222 inhibitor, and inhibitor NC. Then, they were seeded 
onto 6-well dishes and at 60–80% confluency. Cells were 
harvested with EDTA and fixed in 75% ethanol for 30 min 
at 4 °C, followed by a wash with phosphate-buffered saline 
(PBS, pH 8.0) (Corning, NY, USA) containing 2% FBS. 
Next, cells were treated with 1.8 ng/mL annexin-V-FITC 
(Roche Applied Science, Indianapolis, USA) for 15 min, 
under refrigeration (4 °C), and protected from light, and 
stained with propidium iodide (PI) (Becton Dickinson, CA, 
USA). Finally, the samples were rapidly analyzed using 
the FACS Calibur flow cytometer equipped with the FACS 
DIVA software.

Transwell assay

A transwell assay was used to estimate the effects of miR-
221/222 on the migration and invasion abilities of K1 cells. 
After the cells were washed with PBS, 0.25% Trypsin–EDTA 
was added and digestion lasted for 3 min. The cells were 
resuspended in serum-free RPMI1640 (10–040-CVR) 
(Corning, NY, USA) medium. K1 cells (2 × 105/mL in 
serum-free medium) were placed in the top chamber of the 
transwell migration chamber (0.8 μm 24-well, FALCON) 
(BD Biosciences, CA, USA), whereas the lower chamber 
was loaded with 0.8 mL of medium containing 10% FBS. 
After 24 h, the K1 cells that had not migrated onto the tran-
swell membrane surface were removed. Migrating cells on 
the lower membrane surface were fixed and stained using 
a crystal violet staining solution (C0121) (Beyotime Bio-
technology Technology Co., Ltd, Shanghai, China). Six 
visual fields were randomly chosen for counting. In vitro 
invasion assays were done under the same conditions as the 
transwell migration assay, but in invasion chambers (Bio-
Coat™ Matrigel® 0.8 μm 24-well, BioCoat, Tianjin, China) 
and Matrigel-coated transwells (BD Biosciences, CA, USA). 
The experiment was repeated three times.

Table 2   Clinicopathological phenotypes of patients with PTC

PTC papillary thyroid carcinoma

Characteristics Patient (n = 87)

Mean age (range), years 46 ± 0.88
Male:female 1:1.7
Tumor size (cm) 1.50 ± 0.88
Extra-thyroidal extension 54.02% (47/87)
Lymph node (LN) metastasis 56.32% (49/87)
TNM stage (AJCC)
 I 20
 II 23
 III 18
 IV 26

Table 3   Primers for the detection of miR221/222 by RT-qPCR

Primer Sequence

miR-221 F: 5′ CGC​AGC​CTG​GCA​TAC​AAT​G 3′
R: 5′ AGT​GCG​TGT​CGT​GGA​GTC​G 3′

miR-222 F: 5′ GCG​GGA​GCT​ACA​TCT​GGC​TA 3′
R: 5′ AGT​GCG​TGT​CGT​GGA​GTC​G 3′

U6 F: 5′ CGA​TAC​AGA​GAA​GAT​TAG​CAT​GGC​ 3′
R: 5′ AAC​GCT​TCA​CGA​ATT​TGC​GT 3′
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Western blot analysis

The cells were washed three times using PBS. Then, they 
were lysed using radio-immunoprecipitation assay (RIPA) 
lysis buffer (Beyotime Institute of Biotechnology, Shanghai, 
China) containing protease inhibitors (Pierce, USA). Total 
protein was quantified using a Bradford protein assay (Bio-
Rad Laboratories, Inc., Hercules, USA). An equal amount of 
proteins was separated on an SDS-PAGE gel, and then trans-
ferred onto polyvinylidene difluoride membranes (Millipore, 
CA, USA). A blocking solution was added overnight at 4 °C. 
Membranes were incubated with a high-affinity anti-LC3II 
antibody (1:1000) (Abcam, Cambridge, USA), anti-ATG10 
antibody (1:1000) (Abcam, Cambridge, USA), anti-GAPDH 
antibody (1:1000, 60,004–1-Lg) (Proteintech, Chicago, 
USA) at room temperature for 2 h, and then, with goat anti-
rabbit HRP-IgG infrared-dye-conjugated secondary antibod-
ies (1:10,000) (Abcam, Cambridge, USA) at 25 °C for 1 h. 
Anti-GAPDH antibody (1:1000, 60,004–1-Lg) (Proteintech, 
Chicago, USA) was used as a loading control. After washes, 
the immunoreactive bands were detected using the enhanced 
luminol-based chemiluminescent substrate (ECL, GE, USA) 
and analyzed using the Image Lab 6.0.1 software (Bio-Rad 
Laboratories, Hercules, USA).

Luciferase Reporter assay

For the luciferase assay, approximately 5 × 103 293 T cells 
were added into a six-well plate and incubated at 37 °C 
until the cells were 60–80% confluent. The cells were rinsed 
2–3 times with PBS. 293 T cells were seeded in 24-well 
plates and co-transfected with the pGL-3 vector contain-
ing the wild-type or the mutant type of mimics NC, miR-
221/222 mimics, inhibitor NC, and miR-221/222 inhibitor 
using Lipofectamine 2000 (Invitrogen, MA, USA). pRL-
SV40 (Promega, WI, USA) was used as the control vector. 
The luciferase reporter assay system (Promega, WI, USA) 
was utilized to determine the relative luciferase activity 
of PTC cells, 48 h after transfection. The specific activity 
is expressed as the fold change of the experimental group 
compared to the miR-control group. The tests were repeated 
independently in triplicates.

Statistical analysis

Statistical analysis was carried out using the SPSS 12.0 and 
the data was visualized using the software GraphPad prism 
8.0. The P values were used to evaluate the significance of 
miR-221/222 relative expression (2−ΔΔCT) using student’s 
t-test. All experiments were performed at least three times 
in triplicates for each group. For the multivariate analysis, 
risk scores of miR-221/222 were obtained by calculating 
the 2−ΔΔCT values after performing qRT-PCR. Receiver 

operating characteristic (ROC) curve was generated using 
SPSS 12.0 statistical software. The area under the ROC 
curve (AUC) was performed to evaluate survival prediction. 
The data were displayed as mean ± standard deviation (SD) 
and a difference with a P < 0.05 was considered statistically 
significant.

Results

Expression of miR‑221/222 were significantly 
up‑regulated in PTC

To study the characteristics of miR-221/222 in PTC malig-
nancy, the expression levels of miR-221/222 in the tissue of 
PTC and their ANT were determined using qRT-PCR. The 
results (Fig. 1) showed that miR-221 expression increased 
about 35-fold in PTC, compared with their ANT (n = 10) 
(P = 0.006). For miR-222, there was a 23-fold increase in 
PTC compared with their ANT (n = 10) (P = 0.001).

MiR‑221/222 were associated 
with clinicopathological aggressive phenotypes 
of PTC

To further confirm the correlation between miR-221/222 
and clinicopathological phenotypes of PTC, the expression 
levels of miR-221/222 were determined under the differ-
ent conditions of clinicopathological phenotypes of PTC, 

Fig. 1   The different expression of miR-221/222 in papillary thyroid 
carcinoma (PTC) and their adjacent normal tissue (ANT). Quantita-
tive real-time polymerase chain reaction (qRT-PCR) was performed 
to detect the relative expression of miR-221/222 in PTC tissues and 
their ANT of PTC patients, n = 10. The results showed that miR-
221/222 were up-regulated in PTC tissues, compared with their ANT 
(the fold-change of miR-221 was about 35, and that of miR-222 was 
about 23). The data were analyzed using student’s t-test. Red and 
black histograms represent ANT and PTC groups, respectively. Error 
bars indicate mean ± SD (**P < 0.01)
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using qRT-PCR. Table 4 reveals that the expression of miR-
221/222 does not significantly correlate with age. At the 
same time, expression of miR-221/222 was dramatically 
correlated with TNM stage, tumor size, multicentricity, LN 
metastasis, and extra-thyroidal extension. Interestingly, the 
highly expressed miR-221/222 was significantly positively 
correlated with PTC invasiveness.

MiR‑221/222 act as diagnostic biomarkers for APTC

Clinicopathological diagnoses were the gold standard 
to assess the diagnostic accuracy of miRNAs using ROC 
curve analysis. To determine the diagnostic potential of 
miR-221/222 in APTC, ROC curves were constructed in 
PTC (n = 40) and APTC (n = 47) (Fig. 2). ROC curve analy-
sis generated the AUC values of 0.660 for miR-221 (95% 
confidence interval (CI) 0.524–0.797), 0.653 for miR-222 
(95% CI 0.512–0.794) in PTC, 0.803 for miR-221 (95% CI 
0.735–0.871), and 0.802 for miR-222 (95% CI 0.737–0.868) 
in APTC. In addition, the 0.087 and 0.251 were the opti-
mal cutoff values for miR-221 and miR-222, respectively, in 
APTC. With these cutoff values, the sensitivity and specific-
ity values of miR-221 were 80.74 and 74.8%, respectively, 
and those of miR-222 were 78.3 and 73.2%, respectively.

MiR‑221/222 inhibit autophagy in PTC cells

To verify the function of miR-221/222 in PTC cells, we 
transfected miR-221/222 mimics and inhibitor in K1 cells. 
The results showed that the expression of miR-221/222 

was significantly increased in cells transfected with miR-
221/222 mimics, but significantly decreased in cells trans-
fected with miR-221/222 inhibitors, compared with the NC 
(Fig. 3a, b). WB results confirmed that the expression of 
autophagy protein LC3II was decreased and the protein level 
of autophagy-associated gene p62 (SQSTM1) was increased 
in miR-221/222 mimics, compared with the mimics NC; 
the expression of LC3II was increased and that of P62 was 
decreased in miR-221/222 inhibitors, compared with the 
inhibitor NC (Fig. 3c, d). This result indicated that miR-
221/222 inhibit autophagy in PTC cells.

MiR‑221/222 promote migration and invasion 
and inhibit apoptosis in PTC cells

To investigate whether miR-221/222 can regulate migration 
and invasion in PTC cells, we did a further verification using 
a transwell assay. MiR-221/222 significantly promoted cel-
lular migration and miR-221/222 inhibitor suppressed cell 
migration, compared with the control group (Fig. 4a, b). 
MiR-221/222 significantly promoted cellular invasion and 
miR-221/222 inhibitor suppressed cell invasion, compared 
with the control group (Fig. 4c, d). Flow cytometry was 
operated to evaluate apoptosis of PTC cells transfected with 
miR-221/222 mimics or miR-221/222 inhibitor. The results 
showed that miR-221/222 mimics suppressed cell apopto-
sis and that miR-221/222 inhibitor promoted cell apoptosis, 
compared with the control group (Fig. 4e, f). Hence, these 
data indicated that miR-221/222 promoted migration and 
invasion, and reduced apoptosis in PTC cells.

Table 4   Correlation 
of miR-221/222 with 
clinicopathological phenotypes 
of patients with PTC

Clinicopathological 
feature

Number miR-221 level 
(mean ± SD)

P value miR-222 level 
(mean ± SD)

P value

Age(year)
 < 45 35 3.55 ± 0.63 0.625 2.79 ± 1.10 0.018
 ≥ 45 52 3.72 ± 1.98 3.17 ± 0.25

Size(cm)
 ≤ 1 30 2.97 ± 0.18 < 0.0001 2.36 ± 0.52 < 0.0001
 > 1 57 3.94 ± 0.68 3.34 ± 0.73

TNM stage (AJCC)
 I + II 43 2.30 ± 0.96 < 0.0001 2.36 ± 0.52 < 0.0001
 III + IV 44 3.30 ± 0.61 2.85 ± 0.44

Mulifocality
 Yes 51 3.53 ± 0.12 < 0.0001 3.36 ± 0.50 < 0.0001
 No 36 3.04 ± 0.55 2.82 ± 0.62

Lymph node (LN) metastasis
 Yes 49 3.59 ± 0.63 < 0.0001 3.86 ± 0.41 < 0.0001
 No 38 2.60 ± 0.63 2.78 ± 0.64

Extra-thyroidal extension
 Yes 47 4.88 ± 0.98 < 0.0001 4.56 ± 0.76 < 0.0001
 No 40 2.57 ± 0.86 2.17 ± 0.75
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Fig. 2   The diagnosis potentials of miR-221/222 in aggressive PTC 
(APTC). The Receiver operating characteristic (ROC) curves were 
constructed using the expression of miR-221/222 to determine the 
diagnostic potential of miR-221/222 in PTC (n = 40) and APTC 
(n = 47). AUC for miR-221/222 demonstrates accuracy in terms of 
sensitivity and specificity in APTC. The ROC curve yielded a miR-

221/222 area under the ROC curve (AUC) value higher in APTC, 
compared to PTC (the AUC value of miR-221 was 0.660, and that 
of miR-222 was 0.803). The optimal cutoff value of miR-221 was 
0.0087 (sensitivity, 80.74%; specificity, 74.8%) and that of miR-222 
was 0.251 (sensitivity, 78.3%; specificity, 73.2%) in APTC. (Red and 
green represent APTC and PTC, respectively.)

Fig. 3   The effect of miR-221/222 on autophagy of PTC cells. a, b 
The expression levels of miR-221/222 were quantified using qRT-
PCR, following transfection. c, d Western blot (WB) was used to 
verify the expression of autophagy protein LC3II and P62, Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) was used as a control. 

(miR, microRNA; mimics, overexpression; inhibitor, interference; 
mimics NC, overexpression negative control; inhibitor NC, interfer-
ence negative control. **P < 0.01 was considered statistically signifi-
cant. Error bars indicate mean ± SD)
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ATG10 is targeted and regulated by miR‑221/222

Bioinformatic analysis identified ATG10 as a potential miR-
221/222 target. Further verification using a luciferase assay, 
showed that an overexpression of miR-221/222 inhibited lucif-
erase activity of wild-type ATG10, while luciferase activity 
of mutant ATG10 in 293 T cells was not affected, compared 
with mimics NC (Fig. 5a). In addition, the levels of ATG10 
expression were detected using qRT-PCR and WB analysis 
following transfection. These results show that miR-221/222 
mimics down-regulated the expression of ATG10 mRNA and 
protein, while the expression of ATG10 protein was promoted 
by miR-221/222 inhibitor in K1 cells (Fig. 5b–e). The above 
data proved that miR-221/222 can target ATG10.

ATG10 siRNA could rescue miR‑221/222 
inhibitor mediated enhancement of autophagy 
and apoptosis

To further explore the role of miR-221/222, we examined 
LC3II and P62 protein levels in inhibitor NC, miR-221/222 

inhibitor, miR-221/222 inhibitor, and ATG10 siRNA cells. 
WB confirmed that LC3II levels were enhanced by miR-
221/222 inhibitor and then rescued by ATG10 siRNA 
(Fig. 6a). In addition, P62 level was down-regulated in miR-
221/222 inhibitor cells, compared with the inhibitor con-
trol group, and this effect was abrogated by ATG10 siRNA, 
to promote autophagy (Fig. 6b). Flow cytometry analysis 
showed that miR-221/222 inhibitor promoted the apoptosis 
of PTC cells compared to the control group, while ATG10 
siRNA suppressed this effect (Fig. 6c). Thus, our results 
demonstrated that miR-221/222 inhibits the autophagy pro-
cess of PTC via inhibition of ATG10 activation.

Discussion

For most PTC patients, the prognosis is excellent. How-
ever, an aggressive behavior is seen in some cases and 
approximately 25% of patients have presented established 
or developing distant metastases (Danysh et al. 2016). 
Aggressiveness is the primary cause of progression and 

Fig. 4   The effect of miR-221/222 on migration, invasion, and apop-
tosis of PTC cells. a, b The transwell assay shows the effect of inter-
ference or overexpression of miR-221/222 on the migration of PTC 
cells. c, d Transwell assay shows the effect of miR-221/222 on the 
invasion of PTC cells. e, f Flow cytometry shows the effect of miR-

221/222 on the apoptosis of PTC cells. The test was repeated inde-
pendently in triplicates. Two-sample and other variance t tests were 
used for data treatment. (miR, microRNA; mimics, overexpression; 
inhibitor, interference; mimics NC, overexpression negative control; 
inhibitor NC, interference negative control. The scale is 20 μm.)
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recurrence of PTC. A recent study has revealed that miR-
221/222 could serve as diagnostic biomarkers in PTC 
recurrence (Lee et al. 2013; Dai et al. 2017). However, the 
diagnostic biomarkers and mechanism of miR-221/222 in 
APTC have not yet been studied. In this study, we revealed 
that high-expressed miR-221/222 were significantly cor-
related with aggressive clinicopathological phenotypes 
of PTC, and miR-221/222 might be considered potential 
diagnostic biomarkers of APTC. We verified that miR-
221/222 stimulate the migration and invasion and inhibits 

autophagy and apoptosis by targeting and down-regulating 
ATG10 in PTC cells.

Some clinicopathologic factors have been shown to be 
associated with the characteristics of PTC, which include 
progression and a poor prognosis, including age, tumor size, 
TNM stage, multifocality, LN metastasis, and extra-thyroi-
dal extension (Kim et al. 2012; Jeon et al. 2012). MiR-221 
might improve PTC cell proliferation and invasion by sup-
pressing the expression of TIMP3 (Diao et al. 2017). Our 
research found that the expression of miR-221/222 tended 

Fig. 5   Autophagy-related protein 10 (ATG10) is a target of miR-
221/222. a Luciferase reporter assay was used to detect the luciferase 
activity of wt and mut ATG10 in PTC cells. Wt and mut of the puta-
tive miR-221/222 targeting sequence in ATG10 mRNA. b, c qRT-
PCR shows the expression of ATG10 protein in PTC cells following 
transfection. d, e WB analysis shows ATG10 protein levels, GAPDH 
was used as a control. The test was repeated independently in tripli-

cates. Two-sample and other variance t-tests were used for data treat-
ment. Error bars indicate mean ± SD. (**P < 0.01 was considered to 
be statistically significant; mimics, overexpression; inhibitor, inter-
ference; mimics NC, overexpression negative control; inhibitor NC, 
interference negative control; miR, microRNA; wt, wild-type; mut, 
mutant)
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to be increased in different aggressive clinicopathological 
phenotypes of PTC. The expression of miR-221/222 was 
significantly correlated with TNM stage, multicentricity, 
LN metastasis, and extra-thyroidal extension. The expres-
sion of miR-221/222 was also dramatically high-regulated 
in PTC compared with their ANT, which further emphasized 
the high-expression trend of miR-221/222 in PTC. Some 
studies have described that miR-221/222 may exert predic-
tive roles in cancer (Di Martino et al. 2016). For example, 
AUC values of miR-221 (AUC 0.84) and of miR-222 (AUC 
0.92) were yielded using ROC curve analysis in glioma and 
demonstrated that miR-221/222 were associated with a poor 
survival rate of glioma patients (Zhang et al. 2016). In this 
study, ROC results clearly showed that miR-221/222 was 
identified as a predictive diagnostic biomarker for APTC. 
MiR-221/222 are the most sensitive miRNAs for PTC (He 
et al. 2005). The investigation and identification of diagnos-
tic biomarkers could contribute to the exploration of effec-
tive schemes of APTC diagnosis and therapy. All reports 
suggested that miR-221/222 might play a pivotal role in the 

occurrence and progression of PTC. Thus, we expect that 
miR-221/222 might be an indicator and target for APTC.

Autophagy is a dual function participant in catabolic 
degradation processes by eliminating damaged organelles, 
misfolded or aggregated proteins, and facilitating the over-
coming of cellular stress during cancer progression (Wang 
et al. 2016a, b; Gugnoni et al. 2016; Mathew et al. 2007). 
For the first time, Jo et al. (2012) reported that the increased 
expression of ATG10 was correlated with lymphatic vascu-
lar invasion and lymph node metastasis in CRC. ATG10 may 
be a new prognostic biomarker for gastric cancer (Cao et al. 
2016). Xie et al. (2016) found that ATG10 rs10514231 may 
affect lung adenocarcinoma. Recently, miR-221 has been 
reported to induce autophagy by inhibiting HDAC6 expres-
sion and to promote apoptosis of pancreatic cancer cells 
(Yang et al. 2018). MiR-221 targets TP53INP11 to inhibit 
autophagy of CRC cells (Liao et al. 2018). The above data 
indicated that autophagy has a complex impact on the devel-
opment of cancer. However, the regulation of miR-221/222 
on autophagy is still unclear, especially regarding their role 

Fig. 6   MiR-221/222 inhibits autophagy and apoptosis by ATG10. a, 
b WB was used to verify the effects of miR-221/222 inhibitor or miR-
221/222 inhibitor and ATG10 siRNA on autophagy protein LC3II 
and P62. c Flow cytometry shows the effect of miR-221/222 inhibitor 
or miR-221/222 inhibitor and ATG10 siRNA on the apoptosis of PTC 

cells. The test was repeated independently in triplicates. Two-sample 
and other variance t-tests were used for treatment. (miR, microRNA; 
mimics, overexpression; inhibitor, interference; mimics NC, overex-
pression negative control; inhibitor NC, interference negative control)
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in autophagy regulation in PTC. Wang et al. (2016a) evalu-
ated the ability of autophagy by detecting the expression 
level of LC3-I, LC3-II and P62. In the present study, we 
demonstrated that miR-221/222 inhibit autophagy activ-
ity and apoptosis of PTC cells by targeting tumor protein 
ATG10.

Our study suggested that miR-221/222 are significantly 
associated with aggressive clinicopathological phenotypes 
of PTC. We also demonstrated that miR-221/222 may signif-
icantly promote migration and invasion, suppress autophagy 
and apoptosis of PTC cells by down-regulation of ATG10 
expression. Thus, ATG10 is a new target of miR-221/222 in 
PTC cells and miR-221/222 might be a promising therapeu-
tic target for APTC.
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