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Abstract MicroRNA-29a (miR-29a) has been reported to
play important roles in tumor initiation, development, and
metastasis in various cancers. However, the biological func-
tion and potential mechanisms of miR-29a in papillary thyroid
carcinoma (PTC) remain unclear. In the present study, we
discovered that miR-29a was frequently downregulated in
PTC tissues, and its expression was significantly associated
with tumor size, TNM stage, and lymph node metastasis.
Functional assays showed that overexpression of miR-29a
markedly suppressed PTC cell proliferation, migration, and
invasion and promoted PTC apoptosis and cell cycle arrest
at G0/G1 phase. In vivo, miR-29a overexpression decreased
tumor growth in a xenograft mouse model. Luciferase reporter
assay showed that miR-29a can directly bind to the 3′ untrans-
lated region (UTR) of AKT3 in PTC cells. Overexpreesion of
miR 29a obviously decreased AKT3 expression, thereby sup-
pressing phosphatidylinositol 3-kinase (PI3K)/AKT pathway
activation. We also confirmed that AKT3 expression was in-
creased in PTC tissue and was inversely correlated miR-29a
expression in PTC tissues. In addition, downregulation of
AKT3 by siRNA mimicked the effects of miR-29a overex-
pression, and upregulation of AKT3 partially reversed the
inhibitory effects of miR-29a. These results suggested that

miR-29a could act as a tumor suppressor in PTC by targeting
AKT3 and that miR-29a may potentially serve as an anti-
tumor agent in the treatment of PTC.
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Introduction

Thyroid cancer (TC) is the most prevalent endocrine neo-
plasm and has had a steadily increasing incidence over the last
several decades [1]. Papillary thyroid carcinoma (PTC), re-
ferred to as a differentiated neoplasia, is the most prevalent
type of tumor among thyroid malignancies, accounting for
approximately 80–90 % of all TC cases [1, 2]. Most patients
with PTC have a favorable prognosis, but the overall recur-
rence rates may be as high as 35 % [3] since clinical and
biological behaviors cannot be properly predicted.
Therefore, it is an urgent need to understand the molecular
mechanisms of PTC progression for finding novel diagnostic,
prognostic and therapeutic strategies for this disease.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs (19–25 nucleotides) that regulate gene expression at
the transcriptional or posttranscriptional level by binding to
the complementary 3′-untranslated region (3′-UTR) of mes-
senger RNAs (mRNAs) [4, 5]. Accumulating evidence
showed that miRNAs regulate a variety of basic physiological
processes, such as cell differentiation, proliferation, and sur-
vival, apoptosis, migration, and invasion [6, 7].MiRNAs have
been reported to be associated with cancer development and
progression through regulation of cellular proliferation, differ-
entiation, and apoptosis [8–10]. It has been shown that
miRNAs can function as either oncogenes or tumor suppres-
sors according to the roles of their target genes [4, 7, 9].
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Therefore, analysis of the miRNAs and the related target
genes may provide unique insight into tumorigenesis and
new strategies to improve the diagnosis or treatment of PTC.

miR-29a is a member of miR-29s family, which is a con-
served family of miRNA [11]. Decreased expression of miR-
29s has been described in multiple cancers, such as gastric
cancer [12], pancreatic cancer [13] and prostate cancer [14].
In contrast, upregulation of miR-29s was reported in breast
cancer [15], nasopharyngeal carcinoma [16], glioma [17] and
acute myeloid leukemia [18]. These studies suggested that
miR-29a functions as an oncogenic or a tumor-suppressive
miRNA in different cancers. However, the clinical significance
and its role and underlying molecular mechanism in PTC re-
main unclear. Therefore, in the present study, we analyzed the
association of miR-29a expression with clinicopathologic fea-
tures in patients suffering PTC and investigate the functional
role of miR-29a and potential mechanism of PTC by several
in vitro experiments and tumor growth of xenograft in vivo.

Materials and method

Tissue sample

Thirty pairs of human PTC and adjacent normal tissues were
harvested at Department of Thyroid Surgery, the First Hospital
of Jilin University (Changchun, China) from March 2010 to
March 2014. Tissue samples were immediately snap-frozen in
liquid nitrogen and stored at −80 °C until use. None of the
patients had received any preoperative treatment. The charac-
teristics of patients are described in Table 1. Informed consent
was obtained from all patients. This study was approved by
the Ethic Committee of Jilin University (Changchun, China).

Cell culture

The human PTC cell line, K1 cells were obtained from the
Chinese Cell Bank of the Chinese Academy of Sciences
(Shanghai, China) and were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, GIBCO, Carlsbad, CA) containing
with 10 % fetal bovine serum (FBS, Life Technologies, Inc.,
Grand Island, NY, USA), 100 U/ml penicillin (Sigma Aldrich,
St. Louis, MO, USA), or 100 mg/ml streptomycin (Sigma) at
37 °C and 5 % CO2 under a humidified incubator.

Cell transfection

miR-29a mimics (miR-29a) and corresponding miRNA
control (miR-Ctrl) were brought from Qiagen (Frederick,
MD, USA). siRNA against AKT3 (si-AKT3), siRNA con-
trol (si-Ctrl), and overexpression AKT3 plasmid were ob-
tained from GenePharma (Shanghai, China). These molec-
ular productions were transiently transfected into K1 cells

using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol. Transfection effi-
ciencies were determined in every experiment at 48 h after
transfection.

RNA extraction and quantitative reverse-transcription
PCR

Total RNA was extracted from cultured cells and tissue using
TRIzol reagent (Life Technologies, Inc., USA) according to
manufacturer’s instructions. PCR primers for miR-29a and U6
snRNAwere brought from RiBoBio (Guangzhou, China). For
miR-29a expression, total RNA was reverse-transcribed into
cDNA using the Universal cDNA synthesis kit from Exiqon
(Woburn, MA, USA) according to the manufacturer’s instruc-
tions. Quantitative PCR was performed using the Taqman
Universal PCR Master Mix (Applied Biosystems, Foster City,
CA, USA) on the StrotatageneMx3005P real-time PCR System
(Agilent StrataGene, USA). For AKT3 mRNA expression, total
RNA was reverse-transcribed into cDNA using PrimeScript™
RT reagent Kit (TaKaRa, Dalin, China). Quantitative PCR was
carried out using SYBR green PCRmaster mix (TaKaRa) under
the Strotatagene Mx3005P real-time PCR System (Agilent
StrataGene). Primers of AKT3 and GAPDH were: AKT3 for-
ward: 5′-ACCGCACACGTTTCTATGGT-3′, reverse: 5′-
CCCTCCACCAAGGCGTTTAT-3′; GADPH: forward 5′-
GGATTTGGTCGTATTGGG - 3 ′ , r e v e r s e : 5 ′ -
GTGGCTGGGGCTCTACTTC-3′. U6 snRNA or GAPDH ex-
pression was used as an endogenous control. Relative gene

Table 1 Correlation between clinicopathological features and miR-29a
expression in PTC tissues

Variables No. of cases miR-29a expression P value

Low (n%) High (n%)

Age (years) P>0.05

<60 18 8(44.4) 10(55.6)

≥60 12 6(50.0) 6(50.0)

Gender P>0.05

Male 17 8(46.2) 9(53.8)

Female 13 6(46.1) 7(53.9)

TNM stage P<0.01

I–II 18 5(27.8) 17(72.2)

III–IV 12 9(75.0) 3(25.0)

Tumor size P<0.01

<5 21 7(33.3) 16(66.7)

≥5 9 7(77.8) 3(22.2)

Lymph nodemetastasis P<0.01

No 20 5(25.0) 15(75.0)

Yes 10 9(90.0) 1(10.0)
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expression levels were calculated using the 2–ΔΔCt method. All
quantitative reverse-transcription PCR (qRT-PCR) reactions
were run in triplicate.

Cell proliferation assay

For cell proliferation assay, 2×103 transfected cells/well was
seeded in 96-well plates and were continually cultured for
72 h. At different time point (24, 48, and 72 h), 10 μl of
0.5 mg/ml 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide (MTT) was added to each well. Then,
cells were incubated for 4 h at 37 °C, the medium removed,
and precipitated formazan dissolved in 150 μl DMSO
(Sigma). After shaking for 20 min, absorbance was detected
at 490 nm using a biorad iMark Microplate Absorbance
Reader (BD Biosciences, Mansfield, MA, USA).

Cell cycle and apoptosis assays

Cell cycle and apoptosis were examined by flow cytometry at
48 h posttransfection. For cell cycle assay, transfected cells
were fixed in 10 μl ice-cold ethanol for at least 2 h and then
washed twice with PBS and resuspended in PBS containing
0.2 % Triton X-100 for permeabilization and propidium io-
dide (PI, Sigma) staining. After incubation for 30 min, the
cells were analyzed using FACS Calibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA). The data were
analyzed using CellQuest software (BD Biosciences). Each
experiment was performed in triplicate.

For cell apoptosis, transfected cells were double-stained
with fluorescein (FITC)-conjugated Annexin V and
propidium iodide (FITC-Annexin V/PI) (BD Biosciences)
and analyzed on a FACSCalibur flow cytometer (BD
Biosciences) to determine rate of apoptosis.

Cell migration and invasion assays

Cell migration assay was performed using wound healing as-
say. Briefly, transfected cells were seeded in 6-well culture
plates. When cells reached 90–95 % confluence, they were
scratched with a micropipette tip in the cell monolayer. The
cells were then allowed to migrate in an incubator. At 0 and
24 h, three fields of the wound area were photographed with a
light microscope (×100, Olympus, Tokyo, Japan). For each
image, the area that was uncovered by cells was analyzed by
using Image Pro Plus 4.5.1 software. For the invasion assays,
transfected cells in serum-free DMEM medium were placed
into the top chamber coated with Matrigel (BD Biosciences,
San Jose, CA, USA) and incubated at 37 °C for 4 h, allowing it
to solidify. DMEMmedium containing 10% FBS were added
to the lower chambers as a chemoattractant. After incubation
at 37 °C for 48 h, cells adhering to the lower membrane were
stained with 0.1 % crystal violet in 20 % methanol, imaged,

and then five randomly fields of each filter were manually
counted under light microscope (×200, Olympus, Tokyo,
Japan).

Vector construction and luciferase reporter assay

The 3′ UTR of AKT3 containing the miR-29a recognition
sequence was amplified by PCR using genomic DNA. The
PCR product was then cloned into the pGL3-control vector
(Ambion, Austin, TX, USA) at the NheI and XhoI restriction
sites. A mutant AKT3 3′ UTR was synthesized using a site-
directed mutagenesis kit (TaKaRa, Toyko, Japan).

For luciferase activity assay, K1 cells were co-transfected
with wild-type (WT) or mutant (Mut) 3′-UTR of AKT3 and
miR-29a or miR-Ctrl and were cultured for 48 h. Then, the
dual luciferase activities were examined using the Dual-
Luciferase Reporter Assay System (Promega, WI, USA), ac-
cording to the manufacturer’s instructions. Normalized data
were calculated as the ratio of Renilla/firefly luciferase
activities.

Western blotting analysis

Protein extracts were obtained from cultured cells or tissues
through a RIPA buffer (Beyotime, Beijing, China). The total
concentration of protein was measured using a bicinchoninic
acid (BCA) protein assay kit (Boster, Beijing, China). Equal
amounts of proteins (30 μg each lane) were separated on 8–
12 % sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE) gels and transferred to nitrocellulose mem-
branes (Bio-Rad, Munich, Germany). Then, membranes were
blocked with 5% non-fat milk in Tris-buffered saline for 1 h at
room temperature, followed by probing with antibodies for
AKT3 (1:1000 dilution; Cell signaling, Beverly, MA, USA),
phospho-Akt (p-Akt) (Ser473) (1:1000 dilution; Cell
Signaling), and GAPDH (1:5000 dilution; Cell Signaling),
which was used as a loading control. The membranes were
incubated with the appropriate HRP-conjugated IgG (anti-rab-
bit 1:3000 dilution; Cell Signaling, or anti-mouse 1:10,000
dilution; Santa Cruz Biotechnology), and proteins were de-
tected by with chemiluminescent detection system (ECL,
Thermo Scientific, Rockford, IL, USA).

Tumorigenicity assay in nude mice

Twenty BALB/c male nude mice (4–6 weeks, 18–22 g) were
brought from Changchun Biological Institute (Changchun,
China) and maintained under specific pathogen-free (SPF) con-
ditions. All animal experiments were performed in accordance
with a protocol approved by the Institutional Animal Care and
Use Committee of Jilin University (Changchun, China).

K1 cells (2×106) stably expressing miR-29a or miR-Ctrl
were injected subcutaneously in the flanks of nude mice (n=
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10). Tumor growth was determined every 5 days for 30 days
by measuring the length (L), width (W), and height (H) with
calipers and using the formula Volume (V)=[π/6×L×W×H].
Thirty days after inoculation, the mice were killed and tumor
tissues were striped and weighted. Parts of the tumor tissues
were snap frozen in liquid nitrogen and stored at −80 °C for
analysis for miR-29a and AKT3 expression.

Statistical analysis

The results were expressed as the mean±standard deviation
(SD) of at least three separate experiments. Statistical signifi-
cance was analyzed using Student’s t test or one-way
ANOVA. All statistical analyses were performed using SPSS
19.0 software (SPSS Inc., Chicago, IL, USA) and the
GraphPad Prism version 5.01 (GraphPad Software, San
Diego, CA, USA). Differences with P<0.05 were considered
statistically significant.

Results

MiR-29a is downregulated in human PTC tissues

We assessed miR-29a expression by qRT-PCR in the 30 PTC
tissues and matched adjacent normal tissues. It was found that
the relative expression of miR-29a in PTC tissues was signifi-
cantly lower than that those of their matched adjacent normal
tissues (P<0.01) (Fig. 1). To further investigate the clinicopath-
ological significance of miR-29a level in PTC patients, the
median value (0.59) of all 30 PTC samples were chosen as
the cutoff point for separating tumors with low relative level
of miR-29a (<0.59, 14 cases) and high relative level of miR-
29a group (>0.59, 16 cases). Then, correlations between miR-
29a expression and clinicopathologic parameters were analyzed
by the chi-square test. Correlation analysis showed that miR-

29a expression was not significantly associated with age and
gender, while the level of miR-29a negatively correlated with
TNM stage (P<0.01), tumor size (P<0.01), and lymph node
metastasis (P<0.01), which are all indicators of poor prognosis
(Table 1). These results suggested that miR-29a might involve
in PTC procession.

miR-29a inhibits PTC cell proliferation and induces
and apoptosis

To study the biological role of miR-29a in PTC, miR-29a
stably expressing cell lines of K1 was established by trans-
fection of miR-29a mimic. Successful increase of miR-29a
expression in K1 cells was confirmed by qRT-PCR
(Fig. 2a). Then, cell proliferation, cycle, and apoptosis were
determined in K1 cells transfected with miR-29a mimic or
miR-Ctrl. MTT assay showed that restoration of miR-29a
significantly inhibited cell proliferation in K1 cells (Fig. 2b)
compared to miR-Ctrl group. Cell cycle assay showed that
restoration of miR-29a in K1 cells significantly decreased
the percentage of S phase and increased percentage of G0/
G1 phase compared to miR-Ctrl group (P<0.05, Fig. 2c).
Cell apoptosis assay revealed that restoration of miR-29a in
K1 cells significantly induced cells apoptosis compared to
miR-Ctrl group (P<0.05, Fig. 2d). Thus, these results indi-
cated that miR-29a can efficiently inhibited PTC cell
growth by inhibiting cell proliferation and inducing cell
apoptosis.

miR-29a inhibits PTC cells invasion and migration

We next investigated the role of miR-29a in regulating PTC
cell migration and invasion by wounding heal and invasion
chamber assay. It was found that restoration of miR-29a sig-
nificantly inhibited cell migration (Fig. 3a) and invasion
(Fig. 3b) capacities of K1 cells.

AKT3 is a direct target of miR-29a Potential targets of miR-
29a were predicted using bioinformatic databases such as
TargetScan, miRanda and PicTar. AKT3 has been chosen as
study object since it plays a central role in the PI3K/AKT
signaling pathway and involves in multiple cellular functions
[19]. To verify whether AKT3 is a direct target of miR-29a in
PTC, a human AKT3 3′UTR fragment containing the binding
sites of miR-29a (Fig. 4a) or the mutant sites was cloned into
the pGL3 vector, then along with miR-29a mimic or miR-Ctrl
were co-transfected into K1 cells and cultured for 48 h, and
luciferase activities were determined. It was found that over-
expression of miR-29a expression obviously suppressed the
luciferase activity of wide-type AKT3 site, but the activity of
the mutant AKT3 site was not change (Fig. 4b), suggesting
that AKT3 is a directly target of miR-29a. Then, qRT-PCR
and western blotting analysis confirmed that overexpression

Fig. 1 miR-29a is downregulated in human PTC tissues. Relative levels
of miR-29a in PTC tissue (n=30) and matched adjacent normal tissues
were determined by quantitative RT- PCR (qRT-PCR). U6 was used as
loading control. **P<0.01 versus normal tissues
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of miR-29a drastically inhibited AKT3 expression on mRNA
level (Fig. 4c) and protein level (Fig. 4d) in K1 cells. In addi-
tion, we also found that overexpression of miR-29a also
inhibited phospho-Akt (p-Akt) expression, suggesting that
miR-29a could inhibit PI3K/AKT signal pathway activation
(Fig. 4d). These results indicated that miR-29a can bind di-
rectly to AKT3 and inhibits its expression.

miR-29a expression is inversely correlated with AKT3 ex-
pression in PTC tissues. Knowing AKT3 was the target of
miR-29a, we investigated the expression of AKT3 in PTC
specimens and their matched adjacent normal tissues from
30 PTC patients by qRT-PCR. It was found that AKT3
mRNA expression levels were increased in PTC tissues com-
pared to matched adjacent normal tissues (Fig. 5a) and was
negatively correlated with miR-29a expression in PTC tissues
(Fig. 5b; r=−0.518, P<0.01).

Downregulation of Akt3 had similar effects of miR-29a

To investigate the biological role of AKT3 in PTC, K1 cells
were transfected with si-AKT3 or the si-Ctrl. The knockdown

efficiency of AKT3 was verified by qRT-PCR and western
blot (Fig. 6a, b). After si-AKT3 treatment, MTT, apoptosis,
would healing, and invasion assays were performed. As pre-
sented in Fig. 6c–f, downregulation of AKT3 by si-AKT3 in
K1 cells inhibited cell proliferation and induced apoptosis, as
well as suppressed cell migration and invasion capabilities. In
other words, reduction of AKT3 mimicked the effect of miR-
29a overexpression.

Overexpression of AKT3 rescues the effects of miR-29a

To investigate the functional relevance of AKT3 targeting by
miR-29a, we assessedwhether overexpression of AKT3 could
rescue the effects of miR-29a on PTC cells proliferation, ap-
optosis, migration, and invasion. To this end, overexpression
of AKT3 plasmid was transfected into K1 cells along with
miR-29a mimics or miR-Ctrl. It was found that overexpres-
sion of AKT3 plasmid combination with miR-29a could in-
crease AKT3 expression on mRNA level (Fig. 7a) and protein
level (Fig. 7b) compared to miR-29a alone. In addition, our
results also showed that overexpression of AKT3 in K1 cells

Fig. 2 miR-29a inhibits
proliferation and induces
apoptosis in PTC cells. a qRT–
PCR determined miR-29a ex-
pression in K1 cells transfected
with miR-29a mimic or miR-Ctrl.
b–d Cell proliferation (b), cycle
procession (c), and apoptosis (d)
were determined in K1 cells
transfected with miR-29a mimic
or miR-Ctrl. *P<0.05, **P<0.01
versus miR-Ctrl
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could reverse the effect of miR-29a on cell proliferation, apo-
ptosis, migration, and invasion (Fig. 7c–f). These data indicat-
ed that miR-29a exerts inhibition effect on PTC growth and
metastasis partially by targeting AKT3.

miR-29a suppresses PTC growth in vivo Having been
shown in vitro that miR-29a possessed tumor-suppressive ac-
tivities, we undertook to evaluate its role in vivo. To this aim,

the human K1 cells stably expression miR-29a or miR-Ctrl
was implanted subcutaneously into nude mice to allow tumor
formation. Tumors grew slower in the K1/miR-29a group than
that of the K1/miR-Ctrl group (Fig. 8a). At the 30th day post-
injection, the mice were killed, and tumor tissue was stripped.
A significant decrease in tumor size (Fig. 8b) and weight
(Fig. 8c) was observed in mice injected with K1/miR-29a
compared to the group injected with K1/ miR-Ctrl.

Fig. 3 miR-29a inhibits
migration and invasion of PTC
cells. a Cell migration was
determined in K1 cells transfected
with miR-29a mimic or miR-Ctrl
by wound healing assay. b Cell
invasion was determined in K1
cells transfected with miR-29a
mimic or miR-Ctrl by invasion
chamber assay. P<0.05,
**P<0.01 versus miR-Ctrl

Fig. 4 AKT3 is a direct target of miR-29a. a The predicted binding sites
for miR-29a in the 3′UTR of AKT3 and the mutations in the binding sites
are shown. b Relative luciferase activity was determined in K1 cells co-
transfection with wide-type or mutant-type 3′ UTR AKT3 reporter plas-
mids and miR-29a or miR-Ctrl.Wtwide-type,Mut mutant-type. c AKT3

mRNA expression in K1 cells transfected with miR-29a ormiR-Ctrl were
determined by qRT-PCR. d AKT3 and p-AKT protein expression in K1
cells transfected with miR-29a mimic or miR-Ctrl were determined by
Western blot. qRT-PCR and Western blot data were normalized to
GAPDH. *P<0.05, **P<0.01 versus miR-Ctrl
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Furthermore, we also determined miR-29a and AKT3 expres-
sion in tumor tissue. We found that the miR-29a expression
significantly increased (Fig. 8d), whereas AKT3 expression
remarkably decreased both on mRNA level (Fig. 8e) and pro-
tein level (Fig. 8f) in K1/miR-29a group compared to K1/
miR-Ctrl group. These results suggest that miR-29a suppress
PTC growth in vivo by targeting AKT3.

Discussion

It is well known that miRNAs play critical roles as either
oncogenes or tumor suppressors in human various cancers
including thyroid cancer [20]. Recently, a number of
miRNAs involved in PTC cell proliferation, migration, and
invasion have been identified [21–24]. For instance, Ma
et al. found that miR-34a functions, as an oncogene in PTC,

can promote cell proliferation and inhibit apoptosis in papil-
lary thyroid carcinoma by targeting growth arrest specific1
(GAS1) via PI3K/Akt/Bad pathway [25]. Liu et al. reported
that miR-204-5p can inhibit cell proliferation and colony for-
mation, block cell cycle progression, and enhance apoptosis
in vitro and suppress tumorigenicity in vivo by targeting
IGFBP5 [26]. Gu et al. found that miR-539 inhibited cell
migration and invasion in human thyroid cancer cells by
targeting CARMA1 (CARD domain and MAGUK domain-
containing protein-1) [27]. Guan et al. showed that miR-144
inhibited thyroid cancer cell invasion and migration via direct-
ly targeting ZEB1 and ZEB2 [28]. Here, we found that miR-
29a expression is downregulated in PTC tissue, and that res-
toration of miR-29a inhibited proliferation, migration, and in-
vasion, induced cell apoptosis in vitro, and suppressed tumor
growth in nude mice model. These findings suggested that
miR-29a might act as a therapy agent for treatment of PTC.

Fig. 5 miR-29a expression is inversely correlated with AKT3 expression
in PTC tissues. aAKT3mRNA expression in 30 cases of PTC tissue and
matched normal tissues were determined by qRT-PCR.GAPDHwas used

as an internal control. *P<0.05, **P<0.01 versus normal tissues. b The
reverse relationship between AKT3 mRNA expression and miR-29a ex-
pression was explored by Spearman’s correlation

Fig. 6 Downregulation of AKT3 mimicked effects of overexpression
miR-29a. a, b AKT3 expression on mRNA level (a) and protein level
(b) was detected in K1 cells transfected with si-AKT3 or si-Ctrl. GAPDH

was used as an internal control. c–f Cell proliferation (c), apoptosis (d),
migration (e), and invasion (f) were determined in K1 cells transfected
with si-AKT3 or si-Ctrl. *P<0.05, **P<0.01 versus si- NC group
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miR-29a is one of the members of miR-29 family,
which also includes miR-29b and miR-29c [29].
Accumulating evidences have shown that miR-29 family
was aberrantly expressed in several types of human can-
cers and was involved in complex regulatory process by
targeting multiple factors associated with several signal

pathways including PI3K/AKT pathway and Wnt/β-
catenin signaling pathway, suggesting its key role in car-
cinogenesis and cancer progression [11, 30–33]. Recent
studies have found that miR-29a is upregulated in breast
cancer [15], nasopharyngeal carcinoma [16], glioma [17],
and acute myeloid leukemia [18]. However, some

Fig. 7 Overexpression of AKT3 rescues the effects of miR-29a. a, b
AKT3 expression on mRNA level (a) and protein level (b) in K1 cells
co-transfected with AKT3 overexpression plasmid andmiR-29amimic or
miR-Ctrl. GAPDH was used as an internal control. c–f Cell proliferation

(c), apoptosis (d), migration (e), and invasion (f) were determined in K1
cells transfectedwithmiR-29amimic with/without AKT3 overexpression
plasmid. *P<0.05, **P<0.01 versus miR-29a

Fig. 8 miR-29a inhibits PTC growth in vivo. a Growth curves for tumor
volumes were established based on the tumor volume measured every
5 days until 30 days. b Graphs of the tumor tissue. c Tumor tissues
weights. d miR-29a expression in tumor tissue were determined by

qRT-PCR. U6 was used to an internal control. e, f AKT3 expression on
mRNA level (e) and protein level (f) in tumor tissue were determined.
GAPDH was used to an internal control. *P<0.05, **P<0.01 versus
miR-Ctrl
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researches reveal that miR-29a is downregulated in gas-
tric cancer [12], pancreatic cancer [13], and prostate can-
cer [14]. These inconsistent findings indicate that dysreg-
ulation of miR-29a in various cancers may be dependent
on the cellular microenvironment, details tumor type, and
its target genes, which need further investigation in dif-
ferent cancers. Here, to investigate the potential role of
miR-29a in PTC, we investigated the expression of miR-
29a in 30 PTC samples and their paired adjacent normal
tissues by qRT-PCR. We found that miR-29a was signif-
icantly downregulated in PTC clinical specimens, and its
expression was negatively correlated with TNM stage,
tumor size, and lymph node metastasis. Function assay
showed that miR-29a inhibited PTC cell growth, migra-
tion, and invasion in vitro and suppressed tumor growth
in vivo partially by targeting AKT3. Based on these find-
ings, we suggested that miR-29a might act as a tumor
suppressor in PTC.

miRNAs usually exert their biologic functions by regulat-
ing targeting gene expression [34]. To further investigate pos-
sible functional mechanisms of miR-29a in PTC and to iden-
tify target genes of miR-29a, in this study, we used three
bioinformatics algorithms to predict gene targets for miR-
29a and found that AKT3 contains a highly conserved miR-
29a binding site on the 3′UTR. AKT3 is one of the members
of AKT3 family, which also includes AKT1 and AKT2 [6].
AKT is a central protein mediating signals from receptor ty-
rosine kinases and phosphatidylinositol 3-kinase (PI3K) [35].
As a key component of the PI3K/AKT pathway, AKT regu-
lates multiple biological processes, such as cell proliferation,
apoptosis, cell cycle procession, migration, and invasion [36,
37]. It has been shown that AKT pathway plays important
roles in the initiation and development of various cancers,
including thyroid cancer [38]. In our current study, we dem-
onstrated an important molecular association between miR-
29a and AKT3. The results of luciferase activity assay showed
that miR-29a could directly target the 3′-UTRs of AKT3.
Western bolt assay showed that miR-29a could inhibit
AKT3 and p-AKT protein expression. Downregulation of
AKT3 had similar effects of miR-29a overexpression.
Finally, overexpression of AKT3 could partially rescue the
miR-29a-induced effects. These findings suggested that
miR-29a exerted suppressive effect on PTC growth and me-
tastasis partially by targeting AKT3.

In conclusion, the present study first showed that miR-29a
was significantly decreased in PTC tissues, and its expression
was negatively correlated with TNM stage, tumor size, and
lymph node metastasis, and that miR-29a inhibited PTC cell
proliferation, migration, and invasion, induced cell apoptosis,
as well as suppressed PTC tumor growth in vivo via targeting
AKT3. These findings suggested that miR-29a might act as a
tumor suppressor in PTC and that restoration of miR-29a
might have therapeutic potential for PTC.
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