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Aim: Aberrantly expressed microRNAs (miRNAs) are involved in many diseases including

cancer. The expression of miR-15a was reported to be downregulated in papillary thyroid

carcinoma (PTC) compared to control tissue. However, the mechanism underlying this

downregulation remains unclear.

Methods: The effects of miR-15a on the proliferation and invasion of PTC cells were

evaluated by CCK-8 and transwell assays, respectively. Expression levels of AKT and

rearranged during transfection (RET) in cells were assessed using Western blotting. The

correlation of RET and miR-15a was validated by luciferase reporter assay. Moreover, in

vivo assay was performed to demonstrate the effect of miR-15a on tumor growth.

Results: We confirmed that the expression of miR-15a was significantly lower in PTC tissue

than that in normal tissue. Overexpression of miR-15a notably inhibited PTC cell prolifera-

tion and invasion via promoting apoptosis. Additionally, RET was found to be a target of

miR-15a and this correlation was confirmed by dual-luciferase assay and Western blot.

Furthermore, in vivo study revealed that overexpression of miR-15a inhibited tumor growth

via downregulating the levels of RET and phosphorylated AKT.

Conclusion: In the present study, we demonstrated that miR-15a played an antitumor role in

regulating PTC via targeting RET/AKT pathway. Therefore, miR-15a may serve as a

potential molecular target for the treatment of PTC.
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Introduction
Thyroid carcinoma (TC), the most common malignancy of the endocrine system,

accounted for 94% of the endocrine system cancers and 66% of the deaths due to

endocrine organ cancer. TC includes four histological subtypes: papillary thyroid

carcinoma (PTC), follicular TC, medullary TC, and anaplastic TC. Among them,

PTC accounts for more than 80% of the TC patients.1

MicroRNA (miRNA) is a small noncoding RNA molecule (about 22 nucleo-

tides) and found in plants, animals, and viruses. It functions in RNA silencing and

post-transcriptional regulation of gene expression. By base-pairing with comple-

mentary sequences within mRNA molecules, it could silence its paired mRNA.

Several miRNAs have been reported to link with cancers, such as lung cancer,

ovarian cancer, breast cancer, prostate cancer, and so on.2–5 The expressions of

miRNAs between cancer and normal tissues vary greatly among different cancer

types.2–5 Specific patterns of miRNA expression, either overexpressed or
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downexpressed compared with normal tissues, have also

been identified in tumors, including TCs.6–11 It was

reported that miRNA-146b, miRNA-221, miRNA-222,

and miRNA-181b were overexpressed in PTCs as com-

pared with that in normal thyroid tissues, and such upre-

gulations were positively associated with tumor

aggressiveness.12–16

miR-15a was found dysregulated in pancreatic cancer

tissue compared to normal tissue, and an in vitro study

confirmed that upregulation of miR-15a inhibited the via-

bility of pancreatic cancer cells.17 In prostate cancer, miR-

15a regulated prostate cancer cells by targeting multiple

oncogenic activities.18 In addition, miR-15a was also

reported to be aberrantly expressed in ovarian cancer,

non-small cell lung cancer, lymphocytic leukemia, and so

on.19–21 A recent miRNA expression profiling study

demonstrated that miR-15a had a >2-fold decrease in

expression between PTC tissue and normal tissues.22

However, the mechanism underlying this differential

expression remains unclear. Therefore, the present study

aimed to explore the antitumor effects of miR-15a on

human PTC cells TPC-1 in vitro and in vivo.

Materials and methods
Patient sample collection
A total of 30 patients with PTC who received surgery and

30 healthy people without any abnormal conditions in the

thyroid were treated at West China Hospital of Medicine.

Clinical samples used in the present experiment were

obtained from January 2014 to February 2019. Written

informed consent was obtained from all participants. The

study protocol was approved by the situational Ethics

Committee at West China Hospital of Medicine and in

accordance with the Declaration of Helsinki. The samples

were stored in a refrigerator at −80°C. The differential

expression of miR-15a between patients with PTC and

healthy people was detected with RT-qPCR.

Cell culture and cell transfection
Human PTC cell line TPC-1 was purchased from ATCC.

TPC-1 cells were cultured in DMEM medium supplemen-

ted with 5% FBS, 100 U/mL penicillin, 1 μg/mL strepto-

mycin, and 100 μg/ml amphotericin at 37°C and 5% CO2

atmosphere. TPC-1 cells were transfected with miR-15a

mimics, miR-15a inhibitor, and miR-NC with

Lipofectamine® 2000 (Thermo Fisher Scientific, Waltham,

MA, USA). miR-15a mimics and inhibitor were purchased

from Genepharma (Shanghai, China). Total RNAs were

extracted from TPC-1 cells with TRIzol® 48 hrs after

transfection.

Quantitative RT-PCR
Total RNAs extracted from tissue or TPC-1 cells were

reversely transcribed to cDNA using the NCode™

miRNA first-strand cDNA synthesis (Invitrogen,

Carlsbad, CA, USA). according to the manufacturer’s

instructions. qRT-PCR analysis for miR-15a was per-

formed in triplicate by the aid of SYBR® Green PCR

Master Mix (Applied Biosystems, Foster City, CA,

USA). U6 snRNA level was used for normalization.

The fold change of miRNA for different comparing

groups was calculated using the 2-ΔΔCT method. The

primers for miR-15a measurement are as follows:

reverse-transcription primer: GTCGTATCCAGTGCA

GGGTCCGAGGTATTCGCACTGGATACGACCTCAA-

A; forward primer: 5ʹ-TAGCAGCACATAATGG-3ʹ;

reverse primer: 5ʹ-GTGCAGGGTCCGAGGT-3ʹ. The

primers for U6: F, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ;

R, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ.

Cell proliferation assay
The cell proliferation value was measured by Cell

Counting kit-8 assay (CCK-8, Dojindo, Kumamoto,

Japan) at 24, 48, and 72 hrs after transfection in triplicate.

CCK-8 reagent (10 μL) was added into TPC-1 cells fol-

lowed by incubation of 1 hr at 37°C. Next, the absorbance

was measured at 450 nm using a microplate reader (L-117;

Thermo Fisher Scientific).

Cell apoptosis assay
TPC-1 cells at 48 hrs after transfection were washed by

cold PBS and centrifuged at 1000 g for 5 mins. The

residue was resuspended in 100 μL binding buffer.

Subsequently, 4 μL Annexin V-fluorescein isothiocyanate

and 3 μL propidium iodide were added. Following incu-

bationg for 15 mins at room temperature (RT), 200 μL
binding buffer was added and measured by an FCM flow

cytometer (BD Bioscience, San Jose, CA, USA). The same

experiments were performed in triplicate.

Matrigel invasion assay
The cell invasion assay was conducted with BioCoat

Matrigel Invasion Chambers (Corning Incorporated,

Corning, NY, USA) according to the manufacturer’s pro-

tocol. The upper chamber was precoated with 100 μL
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Matrigel and exposed to UV light for 2 hrs. Following

transfection with miR-15a mimics, the HUVECs, in

serum-free medium, were added in double to the upper

well. Subsequently, the cells were incubated at 37°C for 24

hrs. Next, cells on the surface of the upper chamber

membrane were discarded with cotton swabs. The cells

on the underside of the membrane were fixed in 100%

methanol and stained with a solution containing 50% iso-

propanol, 1% formic acid, and 0.5% crystal violet.

Subsequently, cells were counted using a light microscope.

Samples were run in sextuple for each experiment.

Dual-luciferase reporter system assay
The wild-type (WT) or mutant (MT) 3′UTR of rearranged

during transfection (RET) was cloned into the Renilla

luciferase gene. A mutant 3′UTR of RET was cloned by

use of GeneChem (Shanghai, China). The TPC-1 cells

were co-transfected with the vectors carrying WT 3′UTR

or MT 3′UTR and miR-15a mimics. Cells were collected

48 hrs after transfection and analyzed using the Dual-

Luciferase Reporter Assay System (Promega

Corporation, Fitchburg, MA, USA). Luciferase activity

values were normalized relative to that of the Renilla

luciferase internal control.

Western blot analysis
A total of 30 μg of samples were run on 10% SDS-PAGE.

The proteins were then transferred to NC filter membranes.

The membranes were blocked overnight in 5% skim milk in

Tris-buffered saline. For immunoblotting, the membranes

were incubated at 4°C overnight with the RET antibody

(cat. #14,556, 1:500; Cell Signaling Technology, Danvers,

MA, USA), phospho-RET (Tyr905) antibody (cat. #3221,

Cell Signaling Technology), AKT (C67E7) rabbit mAb (cat.

#4691, Cell Signaling Technology), phospho-Akt (Ser473)

(193H12) rabbit mAb (cat. #4058, Cell Signaling

Technology, Inc.), PI3 kinase p110α (C73F8) rabbit mAb

(cat. #4249, Cell Signaling Technology), phospho-PI3 kinase

p85 (Tyr458)/p55 (Tyr199) (E3U1H) rabbit mAb (cat.

#17366, Cell Signaling Technology), and β-actin (13E5)

rabbit mAb (cat. #4970, Cell Signaling Technology). Next,

membranes were incubated with the appropriate peroxidase-

conjugated secondary antibody for 2 hrs at RT. Subsequently,

the NC membranes were incubated with enhanced chemilu-

minescence reagent (Santa Cruz Biotechnology, Dallas, TX,

USA) to develop the blots. All values were normalized to

those of β-actin.

In vivo animal study
To investigate the effects of miR-15a on PTC cell line TPC-1

in vivo, animal study was performed. Fifteen male BALB/

nude mice (aged 6–8 weeks) were purchased from Shanghai

Slac Animal Center (Shanghai, China) and housed within a

constant temperature of 18–23°C and 55–65% humidity.

A total of 5×106 TPC-1 cells and treatment reagents

(blank, miR-NC, and miR-15a mimics, 50 nM) were

injected subcutaneously into the right armpit area of the

mice. Tumor volume was measured by caliper according

to the formula: 1/2 × (length × width) weekly. When the

tumor volume reached about 200 mm3, nude mice were

randomly divided into 3 groups (4 mice/group): blank,

miR-NC, and miR-15a mimics. Each mouse was intratu-

morally injected with 50 mM miR-15a mimics, miR-NC,

or PBS twice weekly for 4 weeks until euthanasia under

anesthesia. Body weight and tumor weight were recorded

during the entire procedure. Tumor tissues were resected

and stored at −20°C before analysis. All animal experi-

ments were performed in accordance with institutional

guidelines, following a protocol approved by the Ethics

Committees of West China Hospital of Medicine. National

Institutes of Health guide for the care and use of laboratory

animals was followed by us.

TUNEL assay
Apoptotic cells on paraffin-embedded tissue were detected

using Apo-BrdU-IHC™ Kit (Pheonix Flow System,

SanDiego, CA, USA) according to the manufacturer’s

instruction. Tumor samples were fixed by methanol at 4°

C for 24 hrs, followed by dehydration and embedment in

paraffin. Samples were deparaffinized and rehydrated upon

the conduction of TUNEL assay. The samples were incu-

bated with 100 μL antibody solution and 100 mL DAB

solution at RTfor 15 mins. Methyl green was applied as a

counterstain. TUNEL positively stained cells represent the

cells undergoing apoptosis.)

Statistical analysis
Version 7.0 Prism (GraphPad, San Diego, CA, USA) was

used to conduct data analysis. The comparison for the two

groups was analyzed by Student’s t-test. The comparison

among multiple groups was analyzed with one-way

ANOVA followed by Tukey’s test. Each expreiment was

executed at least three time, and all data were expressed as

the mean±SD. P<0.05 indicates a statistically significant

difference.
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Results
Differentiate expressions of miR-15a in

human PTC tissues and normal tissues
To investigate the potential role of miR-15a in human PTC,

we compared the expression level of miR-15a in human PTC

tissues and normal tissues from healthy people without any

abnormal conditions in the thyroid. Results revealed that the

level of miR-15a was significantly lower in PTC tissues than

that in normal tissues (P<0.05, area under curve =0.7854;

Figure 1A and B). This observation indicated the potential

function of miR-15a in the pathogenesis of PTC.

miR-15a mimics inhibited PTC cell

proliferation and invasion via promoting

apoptosis
CCK-8 assay was performed to determine the effect of

miR-15a mimics on the viability of TPC-1. As indicated

in Figure 2A, 10 nM miR-15a mimics significantly

increased the expression of miR-15a in TPC-1 cells. In

addition, CCK-8 assay revealed that miR-15a mimics

time-dependently inhibited the proliferation of TPC-1

cells (Figure 2B), which was further confirmed by EdU

staining (Figure 2C and D).

To demonstrate the effect of miR-15a mimics on cell

apoptosis, flow cytometry was performed. The results

showed that the apoptosis rate of TPC-1 was significantly

increased to about 6 folds compared to the NC group after

the treatment with miR-15a mimics (Figure 2E and F).

Next, we evaluated the effect of miR-15a mimics on the

invasion capacity of TPC-1 by performing the Matrigel

assay. As depicted in Figure 2G and H, miR-15a mimics

markedly inhibited invasion of TPC-1 cells compared with

NC group.

MiR-15a inhibitor promoted proliferation

and invasion of TPC-1
In order to validate the role of miR-15a in TPC-1 cells, miR-

15a inhibitor was used. After transfection with miR-15a

inhibitor (10 nM) for 48 hrs, the expression of miR-15a in

TPC-1 cells was significantly decreased compared with the

NC group (Figure 3A). In addition, CCK-8 assay revealed

that miR-15a inhibitor markedly increased the proliferation

capability of TPC-1 cells (Figure 3B). Based on the result of

transwell assay, the invasion ability of TPC-1 in the miR-15a

inhibitor group was notably increased compared with the NC

group (Figure 3C and D). Collectively, these results demon-

strated that downregulation of miR-15a promoted TPC-1 cell

proliferation and invasion.

RETwas the direct target of miR-15a
As predicted by miRanda, miRDB, and TargetScan, there

was complementarity between miR-15a and RET

(Figure 4A), indicating that RET might be a putative target

of miR-15a. In order to confirm the correlation of RET and

miR-15a in PTC-1 cells, we established constructs which

expressed wild-type RET (WT-RET) and mutant RET (MT-

RET).23 The promoter activities of WT-RET)and MT-RET

constructs were determined by dual-luciferase assay after 24

hrs of transfection. Co-transfection of WT-RET with miR-

15a mimics specifically decreased luciferase expression,

while such decrease of luciferase expression was not

observed in cells co-transfected with MT-RET and miR-
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15a mimics (Figure 4B). These data indicated that RET was

a putative target of miR-15a.

The function of RET in tumorigenesis requires activa-

tion of the phosphatidylinositol 3-kinase/AKT signaling

pathway.24 To evaluate the role of AKT from RET signal

pathway in the tumorigenesis of papillary carcinomas, the

protein levels of RET, p-RET, p-PI3K, and p-AKT were

assessed. Western blot results indicated that the expressions

of RET, p-RET, p-PI3K, and p-AKT were downregulated

by miR-15a mimics, but upregulated by miR-15a inhibitor

(Figure 4C). The ratios of p-RET/total-RET, p-PI3K/total-

PI3K, and p-AKT/total-AKT were quantified and depicted

in Figure 4D–F. These results indicated that miR-15a

affected the tumorigenesis of TPC-1 cells via regulation of

AKT pathway.

miR-15a mimics inhibited tumor growth

in nude mice
Next, we further investigated the effect of miR-15a on

tumor growth of TPC-1 xenografts in vivo. We observed

that miR-15a mimics markedly inhibited tumor growth in

nude mice compared to the control group (Figure 5A and

B). In addition, the tumor volume of miR-15a mimics

group was significantly smaller than that of the control

group (Figure 5C). Meanwhile, qPCR results showed the

level of miR-15a in tumor tissues was notably upregulated

in miR-15a mimics group compared with the control group

(Figure 5D). Furthermore, the cell apoptosis in tumor

tissues was detected with TUNEL assays. As expected,

samples from miR-15a mimic group had more positive-

stained cells (apoptotic cells) than those from control

groups. These findings suggested that miR-15a mimics

induced apoptosis in vivo, which was in accordance with

in vitro observations (Figure 5E).

Moreover, the protein levels of RET, p-RET, p-PI3K,

and p-AKT were also decreased in tumors treated with

miR-15a mimics, compared with NC group (P<0.05,

Figure 5F, G, and I). These data further confirmed that

upregulation of miR-15a inhibited PTC tumor growth via

inhibiting RET/AKT pathway.

Discussion
In the present study, the function and target gene of miR-

15a in PTC cells were investigated. We found that miR-

15a was downexpressed in human PTC tissues. According

to the results of proliferation, apoptosis, and invasion

assay, overexpression of miR-15a significantly inhibited

cell proliferation and invasion of TPC-1 and enhanced

apoptosis of TPC-1. However, downregulation of miR-

15a stimulated proliferation and invasion of TPC-1. We
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also demonstrated that AKT pathway is involved in the

regulation of RET by miR-15a. And the in vivo experi-

ments revealed that upregulation of miR-15a mimics could

inhibit tumor growth, and AKT pathway was involved in

the regulation of RET by miR-15a.

This study suggested that miR-15a was downex-

pressed in human PTC tissues, which was echoed with

previous reports.22,25 The functions of miR-15a in cell

survival, proliferation, and invasion have already been

confirmed in other cancer types. Bonci et al revealed

that knockdown of miR-15a could promote survival,

proliferation, and invasiveness of untransformed prostate

cells, whereas reconstitution of miR-15a expression

could result in growth arrest, apoptosis, and marked

regression of prostate tumor xenografts. These evidence

indicated that miR-15a could regulate tumor-suppressor

genes in prostate cancer through the control of cell

survival, proliferation, and invasion.18 It was also

reported that miR-15a inhibited cell proliferation,

invasion, and migration in invasive pituitary tumor

tissues.26 On the other hand, several miRNAs have

been reported to be functional in PTC. For example,

upregulation of miR-34a promoted cell proliferation

and inhibited apoptosis.27 Overexpression of miR-101

could inhibit cell proliferation in PTC.28 Although dys-

regulation of miR-15a was reported in PTC, there is

barely a report on the mechanism underlying effect of

miR-15a on PTC. In this study, we found upregulation

of miR-15a significantly inhibited TPC-1 cell prolifera-

tion and invasion and enhanced the apoptosis, indicating

that miR-15a could be a potential therapeutic target for

the treatment of PTC.

The RET proto-oncogene, encoding the RET receptor

tyrosine kinase, plays essential roles in the pathogenesis

of PTC.29 Activating mutations of RET are important in

cell survival, apoptosis, and proliferation, and function

as oncogene through regulating the activation of multi-

ple signal pathways, including the PI3K/AKT
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pathway.30 AKT, the human homolog of the viral onco-

gene v-Akt, is related to protein kinases A (PKA) and C

(PKC) in humans. The pathway that involves AKT

inactivates several proapoptotic factors, including

BAD, procaspase-9, and Forkhead (FKHR) transcription

factors.31,32 AKT also activates transcription factors

which promote ant-apoptotic genes, including cyclic-

AMP response element-binding protein, IκB kinase,

and so on. Several miRNAs were reported to associate

with AKT pathway. miR-34b inhibited cell proliferation,

colony formation, and migration/invasion and triggered

G0/G1 cell-cycle arrest and apoptosis by directly target-

ing the AKT and its downstream proliferative genes.33

miRNA-221 and miRNA-222 induced apoptosis via the

KIT/AKT signaling pathway in gastrointestinal stromal

tumors.34 Based on these evidence, we investigated the

protein expression level of RET and p-Akt in TPC-1

cells. As expected, RET and p-Akt were downregulated

by overexpression of miR-15a and upregulated by inhi-

bition of miR-15a in TPC-1 cells. These results sug-

gested that the AKT pathway is involved in the PTC

regulation by miR-15a.

Collectively, as a specific regulator of AKT path-

way, miR-15a served a vital role in PTC.

Overexpression of miR-15a inhibited the activation of

AKT pathway, which inhibited the cell proliferation

and promoted the process of apoptosis. Therefore,

miR-15a may have the potential to be used as a
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Figure 4 RETwas the direct target of miR-15a expression levels in TPC-1 cells. (A) The differential DNA sequence of wild-type-RET (WT) and mutant-RET (MT). (B) The
luciferase activity was measured by using the dual-luciferase reporter assay in TPC-1 cells. Cells in both WTand MT groups were treated with miR-NC or miR-15a mimics.

(C) Western blot demonstrated the effect of miR-15a mimics and inhibitor on the expression level of RET, p-RET, p-PI3K, and p-AKT. (D- F) Quantification of p-RET/total-

RET, p-PI3K/total-PI3K, and p-AKT/total-AKT in each group. **Indicates P<0.05, compared to NC group.
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biomarker in identifying PTC and therapeutic target for

treatment of PTC. Further research on the functions

between miR-15a and signaling pathways will provide

an essential insight into basic and clinical knowledge

of PTC.
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