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Aim: The aim of this study was to detect the effects and potential mechanisms of microRNA-221 

on a series of biological behaviors of papillary thyroid carcinoma (PTC) cells in vitro and in vivo.

Methods: First, we analyzed the relationship between the expression of miR-221 and several 

clinicopathological features of PTC patients and then detected the expression of the miR-221 

in tumor tissues and cell lines. The effects of miR-221 on proliferation and invasion of PTC 

cells were verified by cell counting kit-8 (CCK-8) assay, wound healing assay and transwell 

assay. Western blot assay was applied to explore the correlation between miR-221 and RECK 

expression in PTC K1 cells. Finally, a xenograft model was established to further confirm the 

tumor-promoting effects of miR-221 in vivo.

Results: Our data indicated that miR-221 was relatively upregulated in metastatic PTC tissues. 

MiR-221 promoted the proliferation, migration and invasion activities of PTC K1 cells, following 

variations of epithelial–mesenchymal transition (EMT)-related protein expression. We identi-

fied RECK as a direct target of miR-221, revealed its expression to be inversely correlated with 

miR-221 in PTC samples and showed that its reintroduction reverses miR-221-induced PTC 

invasiveness. In addition, miR-221 was also verified to promote tumor growth and increase 

tumor volume and weight in vivo. Taken together, miR-221/RECK axis could be an effective 

way to regulate biological behaviors of PTC.

Conclusion: MiR-221 may be involved in PTC cell invasion and metastasis by targeting 

RECK, indicating that the miR-221/RECK pathway could be studied further as a potential new 

diagnostic or prognostic biomarker for PTC.
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Introduction
Thyroid cancer, the incidence of which has continuously and sharply increased 

worldwide in the last 10  years, represents the most common malignant tumor in 

endocrine system diseases.1,2 A large number of epidemiological data indicate that 

the incidence of thyroid malignancy is affected by hormones, heredity and environ-

mental factors, such as radioactivity, goiter-causing substances, iodine deficiency, etc. 

In addition, Hashimoto’s thyroiditis may also lead to the occurrence of thyroid cancer. 

Papillary thyroid carcinoma (PTC), with a higher degree of differentiation and early 

lymph node metastasis, accounts for approximately 85% of the malignant thyroid 

tumors.3 By 2019, PTC is predicted to be the 8th most common cancer in women in 

mainland China.4 Current clinical strategies, such as radical operation, chemotherapy, 
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radiotherapy and other adjuvant therapies, offer curable 

treatment with 5-year survival rate over 90%. Nevertheless, 

distant metastasis and recurrence still occurred in several 

subtypes of PTC, and the 5-year survival rate of advanced 

PTC is still less than 50%.5 Accordingly, revealing the 

potential molecular mechanisms is of critical importance for 

improving the condition of PTC patients, prognosis and the 

quality of life after operation.

MiRNA is a kind of endogenous small RNA with a length 

of around 25 nucleotides, which plays various important roles 

in early development, fat metabolism, cell differentiation 

and other biological activities.6 Recent studies strengthen 

the evidence that the aberrant expression of miRNAs is 

closely related to the occurrence and development of human 

malignancies. As anti-oncogenes or oncogenes, miRNAs 

participate in the proliferation, apoptosis and invasion of 

tumor cells, indicating that they are of great value to study 

the mechanisms of miRNA in tumor progression.7 Up to 

now, plenty of miRNAs were reported to be involved in 

the progression of PTC. For instance, Huang et al8 reported 

that overexpression of miR-219-5p suppressed PTC cell 

migration and promoted apoptosis by targeting the estrogen 

receptor (ER)-α. Zhu et al’s research showed that miR-182 

could facilitate cell proliferation and invasion through direct 

suppression of close homolog of LI (CHL1).9 Overexpres-

sion of miR-144-3p was reported to promote the PTC cell 

proliferation and cell cycle progression by regulating the cell 

cycle-related proteins such as cyclin D1, cyclin-dependent 

kinase (CDK) 2 and cell division cycle 25A (CDC25A). 

Besides, the aberrant expression of miR-144-3p could obvi-

ously affect the epithelial–mesenchymal transition (EMT) of 

PTC via regulating the expression of E-cadherin, N-cadherin 

and vimentin.10 MiR-146b was shown to be significantly 

overexpressed in PTC tissues with central compartment 

lymph node infiltration and associated with high-risk PTC 

with BRAF mutation. Furthermore, miR-146b expression is 

an independent risk factor for poor prognosis in PTC together 

with advanced tumor stage.11 In another study, overexpres-

sion of miR-146b-5p was shown to significantly increase 

the PTC cell proliferation through modulation of the TGF-β 

signaling pathway.12 Cong et al13 detected the expression of 

microRNAs in nearly 500 PTC specimens and 60 normal 

thyroid specimens obtained from The Cancer Genome Atlas 

database, which indicated that miR-221 was upregulated in 

PTC tissues compared with normal thyroid tissues. However, 

very little is currently known about and reported on the func-

tion of miR-221. Therefore, it is crucial to investigate the role 

and relevant mechanisms of miR-221 in PTC. In the present 

research, we aim to explore various biological behaviors of 

miR-221 and to detect the possible targets and the regulatory 

pathway that miR-221 might be involved in.

Materials and methods
Patients studied and tissue collection
Thirty PTC cancer samples and adjacent normal thyroid 

papillary tissues were collected from the Department of 

Pathology, Renji Hospital of Shanghai Jiao Tong University 

between October 2014 and May 2016. The corresponding 

paracancerous normal tissues from the same PTC patients 

were obtained 3 cm beyond the boundary of PTC tissues. 

All tissues were collected and immediately frozen in liquid 

nitrogen until RNA and protein extraction. Besides, no other 

treatments were conducted in these patients before surgery 

and tissue sampling (Table 1). The informed consents were 

signed by all the patients involved before operation. Written 

informed consent was obtained from each patient before the 

surgery. In addition, this work was conducted in accordance 

with the Declaration of Helsinki and was approved by 

the ethics committee of the Renji Hospital of Shanghai Jiao 

Tong University.

Cell lines and cultures
Human PTC cell lines (TPC-1, K1 and BCPAP) and human 

thyroid follicular epithelial cells (Nthy-ori 3-1) were pur-

chased from Biochemistry and Cell Biology Institute of 

the Chinese Academy of Sciences (Shanghai, China). Cells 

were maintained in RPMI 1640 medium supplemented 

with 10% FBS (Thermo Fisher Scientific, Waltham, MA, 

USA), 100 U/mL penicillin G and 100 g/mL streptomycin 

(Sigma-Aldrich Co., St Louis, MO, USA) at 37°C in a 

humidified 5% CO
2
 incubator.

Table 1 Association between miR-221 expression and 
clinicopathological characteristics in 30 surgical PTC patients

Variables Category miR-221 expression P-value

Low, n (%) High, n (%)

Age (years) ,55 8 (50.0) 8 (50.0) 0.691

$55 6 (42.9) 8 (57.1)

Gender Male 5 (45.5) 6 (54.5) 0.833

Female 9 (52.6) 10 (47.4)

Tumor 
size (cm)

#5 9 (45.0) 11 (55.0) 0.870

$5 5 (40.0) 5 (60.0)

Lymph node 
metastasis

No 11 (73.3) 4 (26.7) 0.000

Yes 3 (20.0) 12 (80.0)

TNMa stage 
(AJCC)

I–II 10 (55.6) 8 (44.4) 0.031

III–IV 4 (33.3) 8 (66.7)

Note: aAccording to 6th edition AJCC/UICC TNM stage system.
Abbreviations: AJCC, American Joint Committee on Cancer; PTC, papillary 
thyroid carcinoma; UICC, Union for International Cancer Control.
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RNA preparation and real-time PCR
The total RNA was extracted from the PTC cells with the 

help of TRIzol reagent (Thermo Fisher Scientific). To reverse 

transcribe the cDNA, the Omniscript RT (Qiagen NV, 

Venlo, the Netherlands) was employed using 1 μg of the 

extracted RNA. The cDNA was then used as a template 

for quantitative real-time PCR (qRT-PCR) with the help 

of Taq PCR Master Mix Kit (Qiagen NV) according to 

the manufacturer’s instructions. The primer sequences 

used in the present study were as follows: RECK, forward 

5′-AGCAACCGAGCCCGTATGT-3′ and reverse 5′-CC 

GAGTAGGCAGCACACACA-3′; U6, forward 5′-TGG 

GGTTATACATTGTGAGAGGA-3′ and reverse 5′-GTGTG 

CTACGGAGTTCAGAGGTT-3′; and β-actin, forward 

5′-ATGGATGATGATATCGCCGCGCTC-3′ and reverse 

5′-TTTCTCCATGTCGTCCCAGTTGG-3′. β-Actin was 

used as the internal control. The relative expression levels 

of each gene were detected and normalized using the 2−ΔΔCt 

method relative to U6 or β-actin. Experiments were per-

formed in triplicate.

Lentivirus production and cell 
transfection
RECK overexpression lentivirus was purchased from 

GeneChem (Shanghai, China), and GV358-EGFP empty 

vector lentivirus was used as negative controls. K1 cell was 

infected with the lentivirus supernatants and selected with 

3 mg/mL puromycin to produce K1 cell with stable overex-

pression of RECK (K1 RECK) or its control cell (K1 CON). 

miR-221 mimics (miR-221) and their corresponding negative 

control miRNAs (miR-con) were obtained from GenePharma 

(Shanghai, China).

Cell viability and colony formation assay
Approximately 1×105 K1 cells were seeded in 96-well culture 

plates and grown in the incubator for 24 h, 48 h, 72 h, 96 h 

and 120  h, respectively. Before detection, 10  μL of cell 

counting kit-8 (CCK-8; Beyotime, Shanghai, China) solu-

tion was added to each well. Plates were incubated for 1 h in 

the incubator, and the absorbance was monitored at 490 nm 

using a microplate reader. Three independent experiments 

were performed for colony formation assay, and the trans-

fected cells were trypsinized and seeded into 6-well plates 

(5×103 cells/well). After 2 weeks, the cells were fixed with 

10% formaldehyde for 15 min, stained with 1.0% crystal 

violet (both from Sigma-Aldrich Co.) for 10 min and then 

counted and photographed under a light microscope (Olym-

pus Corporation, Tokyo, Japan).

Wound healing assay
K1 cells (5×106 per well) were cultured in 6-well plates for 

24 h. Cell layers were subsequently scratched with a stan-

dard 200 µL sterile plastic tip, washed 3 times with PBS 

solution and then cultured in serum-free medium for 24 h 

and 48 h, respectively. The cells migrated into the gap were 

observed under a phase microscope qualitatively (Olympus 

Corporation). The experiments were repeated twice and 

representative photographs are shown.

Transwell assay
Cell invasion and migration were assessed using 24-well 

Corning Costar inserts with 8  μm pores (Corning Costar 

Corp., Cambridge, MA, USA). The upper surface of each 

insert was coated with Matrigel (BD, Franklin Lakes, NJ, 

USA; diluted 1: 8) for 6 h in an incubator. A total of 5×105 

serum-starved K1 cells were added to upper chambers and 

incubated at 37°C for different time periods. Non-migrating 

or non-invading cells were removed with cotton buds from 

the top chambers. Cells remaining in bottom chambers were 

fixed with 100% methanol, stained with 0.1% crystal violet in 

2% ethanol and quantified visually in 10 random fields using 

bright-field optics. Experiments were performed in triplicate, 

and data are reported as mean ± SD of cell numbers.

Western blot analysis
Specimens from each group were homogenized using RIPA 

buffer (Sigma-Aldrich Co.), and lysates were separated using 

SDS-PAGE. Proteins were transferred to nitrocellulose mem-

branes and blocked with 5% nonfat milk in PBS (Beyotime) 

containing 0.05% Tween 20. Western blot was performed 

using the following antibodies: RECK (ab88249, 1:500; 

Abcam, Cambridge, UK); Snail (3879S, 1:1,500; Cell Signaling 

Technology, Danvers, MA, USA); vimentin (5741S, 1:1,500; 

CST); E-cadherin (14472S, 1:2,000; CST) and β-actin (ab8227, 

1:5,000; Abcam); N-cadherin (4061S, 1:1,000; CST) and β-actin 

(ab8227, 1:5,000; Abcam); anti-rabbit horseradish peroxidase-

conjugated secondary antibody (A15021, 1:4,000; Zhongshan 

Biotech, Guangdong, People’s Republic of China); and anti-

mouse horseradish peroxidase-conjugated secondary antibody 

(A17533, 1:4,000; Zhongshan Biotech).

Dual luciferase reporter assays
The full-length RECK 3′-UTR was amplified from nor-

mal human cDNA and cloned into the NotI/XhoI sites 

downstream of the stop codon of Renilla luciferase in the 

pGL-control vector (Promega Corporation, Fitchburg, WI, 

USA). The corresponding mutant constructs were created 

by mutating the seed regions of the miR-221-binding sites. 
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For the luciferase assay, approximately 5×103 K1 cells were 

added into a 6-well plate and incubated at 37°C until the 

cells were 60%–80% confluent. K1 cells were cotransfected 

with miR-221 mimic or miR-con and 200 ng plasmid pGL3-

RECK WT or pGL3-RECK MUT using Lipofectamine 2000 

(Thermo Fisher Scientific) according to the manufacturer’s 

protocol. Forty-eight hours after transfection, the cells were 

collected and luciferase activity was detected via the Dual-

Luciferase Reporter Assay system (Promega Corporation). 

The specific activity is expressed as the fold change of the 

experimental group vs the miR-con group. The tests were 

repeated independently in triplicate.

In vivo studies
Six-week-old female BALB/c nude mice (20–25  g) were 

purchased from the Animal Center of Shanghai Jiao Tong 

University School of Medicine (Shanghai, China) and main-

tained under specific pathogen-free conditions. K1 cells stably 

expressing miR-221 or miR-con were suspended in ~100 µL 

PBS and then injected subcutaneously into the rear flank of 

mice (3 per groups, 5×106  cells/mouse). Tumor volumes, 

calculated by the formula V = length × width2/2 (mm3), were 

measured with a slide caliper every week until the animals were 

sacrificed. Five weeks after injection, all mice were sacrificed 

and tumor tissues were resected and weighed. Tumor tissues 

were used to perform immunohistochemistry (IHC) staining, 

and total protein of all specimens was extracted to detect the 

expression of RECK by Western blot. All animal protocols in 

the present research were approved and supervised by the Insti-

tutional Animal Care and Use Committee of Renji Hospital.

Statistical analysis
Values were demonstrated as mean ± SD from 3 independent 

experiments. Data were analyzed by GraphPad prism 5.01 

using Student’s t-test (for comparison between 2 groups) or 

ANOVA as appropriate. The association between miR-221 

expression and clinicopathological variables was assessed 

by the Chi-square tests. The correlation between RECK and 

miR-221 expression was evaluated using Spearman’s cor-

relation analysis. The values were considered significant at 

P,0.05 and P,0.01.

Results
miR-221 expression and clinicopathological 
features in PTC patients
To reveal the clinical significances of miR-221 in PTC 

disease, we divided the 30 PTC patients into high miR-221 

expression group (n=16) and low miR-221 expression group 

(n=14) using the mean value (0.421±0.04) of relative expres-

sion levels in all 30 PTC specimens as a cutoff. As shown in 

Table 1, we found that upregulation of miR-221 was associ-

ated with TNM stage and lymph node metastasis, indicating 

that these 2 clinicopathological features are predictors of poor 

long-term prognosis. Nevertheless, no obvious correlations 

were found between miR-221 and age, tumor size or gender 

in the PTC patients.

High expression of miRNA-221 in PTC 
clinical specimens and cell lines
As shown in Figure 1A, miR-221 expression was sig-

nificantly lower in normal thyroid tissues compared to PTC 

specimens with lymph node metastasis, indicating that the 

metastasis of PTC might be closely related to upregulation of 

miR-221. To further illustrate the problem, we then explored 

the expression of miR-221 in several PTC cell lines (TPC-1, 

K1 and BCPAP) and human thyroid follicular epithelial 

cells (Nthy-ori 3-1) by qRT-PCR (Figure 1B). We found 

that the expression level of miR-221 is upregulated in PTC 

cell lines compared with levels in the human Nthy-ori 3-1 

cell line. We therefore generated stable K1 cell line with 

up/downregulated miR-221 expression using an adenovirus 

delivery system. miR-221 was demonstrated by PCR analysis 

(Figure 1C).

miR-221 strengthens K1 cell growth 
in vitro
Compared to the control group, K1 cells transfected with 

miR-221 mimics showed an increased cell proliferation 

capacity. On the contrary, anti-miR-221-transfected K1 

cells grew at a significantly lower rate as compared with the 

corresponding control group. These findings demonstrated 

that aberrant expression of miR-221 could regulate K1 cell 

proliferation in both CCK-8 assays and colony-forming 

assays (Figure 1D–H).

miR-221 upregulates cell migration and 
invasion in vitro
To investigate the effect of miR-221 on migration and inva-

sion ability of PTC cells, wound healing assays (Figure 2A 

and B) and transwell assays (Figure 2C–E) were conducted in 

K1 cells transfected with miR-221, anti-miR-221 or respective 

controls. Consistent with the abovementioned clinical data, 

upregulation of miR-221 in K1 cells obviously enhanced the 
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Figure 1 miR-221 promotes cell growth and colony formation in PTC cells.
Notes: (A) qRT-PCR analysis of miR-221 expression in normal thyroid tissues and primary PTC specimens with lymph node metastasis from 15 patients. (B) qRT-PCR 
analysis of miR-221 expression in 3 human PTC cell lines (TPC-1, K1 and BCPAP) and human thyroid follicular epithelial cells (Nthy-ori 3-1). (C) The relative expression 
levels of miR-221 in K1 cells were confirmed by qRT-PCR after transfection with miR-221, miR-con, anti-miR-221 and anti-miR-con. (D and E) Cell proliferation and 
(F–H) colony formation were determined in K1 cells after transfection with miR-221, anti-miR-221 and their corresponding control (n=3). *P,0.05 and **P,0.01 vs control.
Abbreviations: miR-con, negative control miRNAs; PTC, papillary thyroid carcinoma; qRT-PCR, quantitative real-time PCR.
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abilities of cell migration and invasion. In addition, inhibiting 

miR-221 expression obviously attenuated the abovemen-

tioned biological activities of K1 cells in vitro. In conclu-

sion, these data demonstrated that miR-221 could evidently 

promote migration and invasion of PTC cells in vivo.

miR-221 promotes EMT in K1 cells
Since EMT is closely correlated with tumor metastasis abili-

ties, we then examined several EMT markers in K1 cells 

transfected with miR-221, anti-miR-221 or their respective 

control. Consistent with our hypothetical conclusion, qRT-

PCR and Western blotting results all showed that the expres-

sion of E-cadherin was lower in miR-221 mimic-transfected 

groups compared with that in miR-con controls, whereas 

the level of N-cadherin, vimentin and Snail was obviously 

higher in K1 cells transfected with miR-221 (Figure 3A–C). 

Activation of the EMT transcription factor Snail and down-

regulation of the epithelial marker E-cadherin along with 

the upregulation of mesenchymal markers N-cadherin and 

vimentin demonstrate the progress of EMT. Therefore, the 

abovementioned findings indicated that aberrant expression 

of miR-221 could suppress EMT, which was in accordance 

with its inhibitory action on migration and invasion of 

K1 cells.

miR-221 upregulates invasion via RECK 
in human PTC cells
To reveal the mechanism by which miR-221 enhances K1 

cell metastasis, we searched for potential target genes of 

miR-221 using 2 publicly available databases, TargetScan 

and miRanda. Our analysis of the 3′-UTR sequence of RECK 

identified a possible binding site for miR-221 (Figure 4A). 

To test the function of this potential binding site, we inserted 

wild-type or mutant 3′-UTR sequences immediately down-

stream of the luciferase reporter gene and coexpressed these 

with either miR-221 or miR-con in K1 cells. qRT-PCR and 

Western blotting analyses showed that miR-221 overexpres-

sion significantly reduced the levels of RECK mRNA and 

protein in K1 cells (Figure 4B and C). Furthermore, as shown 

in Figure 4D, miR-221 overexpression leads to an obvious 

Figure 2 miR-221 regulates K1 cell migration and invasion.
Notes: (A and B) Wound healing assays were performed in K1 cells stably expressing miR-221, anti-miR-221 or the control. (C–E) Representative images of migration and 
invasion assays. K1 cells transfected with miR-221, anti-miR-221 and their corresponding control were cultured in transwell chambers, and the number of migratory and 
invasive cells is shown (n=3). *P,0.05 and **P,0.01 vs control.
Abbreviation: miR-con, negative control miRNAs.
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abatement in relative luciferase activity, whereas activity 

did not drop at all in the mutant 3′-UTR reporter, indicat-

ing that functionality relies on the intact seed sequence. 

Together, these findings strongly support a direct suppression 

of RECK by miR-221 by means of mRNA degradation as 

well as translational repression. We then detected whether 

RECK took effects in miR-221-mediated PTC progression. 

After the transfection of miR-221, K1 RECK cells were 

liable to restore the scratch wounds compared with K1-con 

cells (Figure 4E). Similar results could be found by tran-

swell assays (Figure 4F and G). These findings indicated 

that RECK upregulation was able to suppress the promot-

ing metastasis effects of miR-221 in PTC cells and acted as 

an important mediator in miR-221 regulating invasion and 

migration of PTC cells. Next, we evaluated whether miR-221 

negatively regulated RECK in an EMT-based pathway. Our 

findings revealed that protein levels of RECK, Snail and 

vimentin were markedly upregulated in response to miR-221 

overexpression in K1-con cell, whereas these changes were 

not found in K1 RECK cells. Likewise, under the stress of 

miR-221 overexpression, E-cadherin protein was markedly 

decreased in K1-con cells but not affected in K1 RECK 

cells (Figure 4H). These findings suggested that miR-221 

had the potential to regulate the expression of EMT markers 

(Snail, vimentin and E-cadherin) in K1 cells and that these 

regulations were modulated by RECK. Moreover, RECK 

overexpression could reverse the effect of miR-221 on these 

EMT markers in PTC cells.

miR-221 enhances growth of K1 cells 
in vivo
Five weeks later, the mice were executed, and tumor weights 

were measured. As shown in Figure 5A–C, tumors grew 

faster in the miR-221 group than in the miR-con group. 

The average weight of tumors resulting from miR-221 was 

significantly higher than that of tumors derived from the 

miR-con group (1,754±138 mg vs 907±87 mg, P,0.01). 

Furthermore, to determine whether miR-221 downregulated 

RECK at the protein level in xenografts, we detected RECK 

expression by Western blot assays. The RECK protein 

level was decreased in the miR-221 group compared with 

the miR-con group (Figure 5D). In addition, immunohis-

tochemical staining of Ki-67 antigen indicated that the 

increased tumor growth in mice was, in part, due to higher 

proliferation caused by the upregulation of miR-221. The 

number of Ki-67-antigen-positive cells was higher in the 

tumor derived from miR-221 cells than that in miR-con cells 

(Figure 5E and F).

Figure 3 miR-221 promotes EMT in K1 cells.
Notes: Human PTC K1 cells were transfected with miR-221, anti-miR-221 or their respective control. qRT-PCR (A and B) and Western blotting (C) assays were conducted 
to analyze the expression of E-cadherin, N-cadherin, Snail and vimentin (n=3). *P,0.05 and **P,0.01 vs control.
Abbreviations: EMT, epithelial–mesenchymal transition; miR-con, negative control miRNAs; PTC, papillary thyroid carcinoma.
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Figure 4 miR-221 regulates EMT-related proteins via RECK.
Notes: (A) Diagram of miR-221 sequence matching the seed region in the RECK 3′-UTR and the mutation-bearing construct. (B) RECK protein levels in miR-221 K1 cells or 
miR-con cells were examined by Western blotting. (C) RECK mRNA levels were detected via qRT-PCR, and β-actin was used as an internal control. (D) Relative luciferase 
activity in miR-221 or miR-con expressing K1 cells cotransfected with a wild-type or mutant RECK 3′-UTR luciferase reporter construct. (E) K1 cells with stable overexpression 
of RECK were transfected with miR-221 or miR-con mimics, and their migration potentials were detected via wound healing assays. (F and G) K1 cells with stable overexpression 
of RECK were transfected with miR-221 or miR-con, and their migration and invasion potentials were demonstrated via the transwell assays. (H) K1 cells transfected with 
miR-221 exhibited upregulated Snail and vimentin expression and downregulated E-cadherin expression. K1 cells with stable RECK overexpression and transfection with 
miR-221 showed no significant alterations in Snail, vimentin and E-cadherin expression (n=3). Data are presented as mean ± SD. *P,0.05 and **P,0.01 vs control.
Abbreviations: EMT, epithelial–mesenchymal transition; miR-con, negative control miRNAs; qRT-PCR, quantitative real-time PCR.
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Figure 5 miR-221 promotes tumor growth of K1 xenografts in nude mice.
Notes: K1/miR-221 or K1/miR-con cells were intravenously injected into nude mice (n=5). (A) Representative images of tumors in different treatment groups. (B) Growth 
curves for tumor volumes in xenografts of nude mice in each treatment group. (C) Tumor weights in each treatment group. (D) The expression of RECK in xenografts by 
Western blotting. (E and F) Immunohistochemistry results of proportion of Ki 67+ proliferating cells in miR-con and miR-221 xenografts. *P,0.05 and **P,0.01 vs control.
Abbreviation: miR-con, negative control miRNAs.

Discussion
MiR-221 belongs to the miR-221/222 cluster, which locates on 

the X chromosome and shares some identical seed sequences 

with its homologous miRNA, miR-222.14–17 Previous findings 

have indicated that miR-221 was obviously upregulated in 

multiple types of tumor tissues.18–22 For instance, miR-221 

was upregulated in ovarian cancer tissues, and patients with 

increased miR-221 expression levels had a reduced disease-

free survival and overall survival compared with those with 

low miR-221 expression. Transfection of ovarian cancer cells 

with miR-221 inhibitor induced APAF1 protein expression, 

suppressed cell proliferation and migration and promoted 

tumor cell apoptosis.23 Furthermore, Fornari et al24 reported 

that miR-221 is upregulated in 80% of the liver cancer cells 

and has an oncogenic function via the inhibition of CDKN1C/

p57 and CDKN1B/p27 protein expression. MiR-221 

enhanced breast cancer cell growth, migration and invasion, 

meanwhile propagated the self-renewal of breast cancer stem 

cells, possibly via targeting the PTEN/Akt pathway.25 MiR-

221 played an important role in the control of cancer stem cell 

homeostasis, and miR-221 was expressed at higher level in 

the stem cell population of primary and T47D cells compared 

to differentiated cells.26
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The invasion and metastasis processes of tumor cells 

are composed of multisteps. Degradation of extracellular 

matrix by matrix metalloproteinase plays an important role 

in the invasion and metastasis of tumor cells. Some in vivo 

and in vitro studies have shown that RECK could block the 

degradation of extracellular matrix by negatively regulating 

the functions of MMP2 and MMP9 and thus inhibit the inva-

sion and metastasis activities of tumor cells.27 In addition, the 

expression of RECK protein is reduced or even lost during 

tumor progression, and so it is very important to restore the 

expression of RECK protein in tumor cells to inhibit the 

invasion and metastasis of tumor cells.28 A number of studies 

have reported the effect of RECK in tumor progression. 

RECK restrained gastric cancer cell proliferation via inhib-

iting the NOTCH signaling pathway.29 Collectively, RECK 

functions as a multirole regulator involved in tumorigenesis. 

The antitumor activity of RECK was documented in breast 

cancer by inhibiting erbB signaling, which is associated with 

chemoresistance.30 RECK was downregulated by miR-96 

and ultimately led to proliferation and chemoresistance in 

esophageal cancer.31 MiR-221-RECK axis was confirmed 

to be an important path modulating Helicobacter pylori 

infection-related gastric cancer development.32 Shen et al33 

reported that upregulation of miR-590-5p could significantly 

enhance the cell growth and metastasis and decrease the sus-

ceptibility of gastric cancer cells to cisplatin and paclitaxel 

in vitro. Besides, reintroduction of RECK suppressed the 

tumor promotion effects of miR-590-5p by inhibiting cell 

growth and metastasis and increasing drug sensitivity. In the 

present study, we revealed a novel metastasis mechanism of 

PTC by which RECK was negatively affected by miR-221 

and possessed a negative correlation with E-cadherin protein, 

enabling thyroid cancer cell metastasis by the regulation of 

EMT-related proteins.

Conclusion
The primary findings of the present study indicate that 

miR-221 is obviously upregulated in PTC tissue and cell 

lines, and its expression level in tumor tissues was signifi-

cantly correlated with lymph node metastasis or TNM stage. 

Besides, upregulation of miR-221 in PTC cells enormously 

enhances cell growth, colony formation, migration and inva-

sion in vitro, as well as promotes xenograft growth in mice. 

Furthermore, we confirm RECK as an important target gene 

of miR-221 and find that miR-221 inhibits RECK expression 

and regulates EMT-related proteins, which contribute to the 

promotion of PTC cell metastasis. Overall, we elucidate 

a novel mechanism responsible for thyroid tumorigenesis 

and indicate that the miR-221/RECK axis may be a useful 

therapeutic target for PTC.
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