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 Background: Lin28 is a gene involved in many biological processes, including development, glucose metabolism, and 
tumorigenesis. Let-7 miRNA is a tumor-suppressor gene that is frequently inactivated in cancer cells. The role 
of c-Myc (a target gene of let-7) and the Lin28-let-7-c-Myc pathway in the growth and malignancy of thyroid 
cancer is unclear. The purpose of the present study was to evaluate the expression of Lin28A, let-7a, and c-Myc 
in human papillary thyroid carcinoma (PTC) and to investigate their potential mechanisms in the progression 
of PTC.

 Material/Methods: Lin28A and c-Myc expression were assessed in PTC tissues and PTC cell lines using immunohistochemistry, 
Western blotting, and real-time PCR. CCK-8 and Transwell assays were performed to evaluate PTC cell prolifer-
ation, migration, and invasion in cells in which the expression of Lin28A was downregulated by RNA interfer-
ence or in which let-7a was overexpressed after transfection with let-7a mimics.

 Results: The expression of Lin28A and c-Myc was upregulated in PTC tissues and cell lines, whereas the expression of 
let-7a was downregulated in PTC cell lines. Clinically, Lin28A was linked to a higher tumor/node/metastasis stage 
and the presence of lymph node metastases. Moreover, knockdown of Lin28A activated let-7a processing and 
inhibited the expression of the downstream gene c-Myc, suppressing cell proliferation, migration, and invasion. 
Similar results were obtained after let-7a overexpression.

 Conclusions: The Lin28A/let-7a/c-Myc pathway is involved in cancer growth and malignant behavior in PTC and is a poten-
tial target for therapeutic intervention in this disease.

 MeSH Keywords: Genes, myc • MicroRNAs • RNA-Binding Proteins • Thyroid Neoplasms

 Abbreviations: PTC – papillary thyroid carcinoma; NG – nodular goiter; mRNA – messenger RNA; miRNA – microRNA; 
qRT-PCR – quantitative real-time polymerase chain reaction; CCK-8 – cell counting kit-8
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Background

Thyroid cancer is the most common malignant endocrine 
tumor, and papillary thyroid cancer (PTC) accounts for 80% of 
thyroid malignancies [1,2]. Most PTCs are indolent malignan-
cies, with an estimated 5-year relative survival rate of approx-
imately 95% [3]. However, PTC is clinically challenging because 
traditional treatment provides little benefit [4]. To develop ef-
fective treatments for PTC, it is important to fully understand 
the mechanisms involved in the development, progression, 
and metastasis of this disease.

Lin28 is a highly conserved RNA-binding protein that was orig-
inally regarded as a vital regulator of developmental timing in 
Caenorhabditis elegans [5]. The lethal-7 (let-7) microRNAs (miR-
NAs) are tumor suppressors and prognostic factors found in 
numerous types of cancer [6,7]. Lin28 can repress the biogen-
esis of mature let-7, binding to the terminal loops of pre-let-7 
elements [8,9]. c-Myc, one of the downstream target genes of 
the Lin28/let-7 axis, is an important oncogene involved in the 
proliferation and migration of cancer cells [10,11]. Earlier studies 
indicated that the Lin28/let-7/c-Myc pathway played a signifi-
cant role in the development and progression of some human 
cancers [12]. However, knowledge of this pathway in human 
PTC is limited. In this study, we investigated the involvement 
of the Lin28/let-7/c-Myc pathway in the progression of PTC.

Material and Methods

Patients and materials

A total of 87 formalin-fixed and paraffin-embedded tissue 
specimens were obtained from the First Affiliated Hospital of 
Shantou University Medical College. Among these, 57 were thy-
roid carcinoma radical surgery specimens from patients with 
PTC, and 30 were specimens from patients with nodular goi-
ters (NG). Among the 57 patients with PTC, 48 were female 
and 9 were male. The mean age was 45.8±13.5 years (range 
18–80 years). Tumor stage was identified using the criteria of 
the American Joint Committee on Cancer. No patient received 
preoperative chemotherapy or radiotherapy. Written informed 
consent was obtained from the patients or their families.

Immunohistochemistry for Lin28A and c-Myc

Immunohistochemistry (IHC) was performed on paraffin-embedded 
thyroid cancer tissue sections using mouse monoclonal antibodies 
against Lin28A (Cell Signaling Technology, Danvers, MA, USA) or 
rabbit monoclonal antibodies against human c-Myc (Zhongshan, 
Beijing, China) at a 1: 200 dilution. For the negative controls, iso-
type-matched antibodies were used. Tissue sections were ob-
served under a microscope (CX21FS1, Olympus, Tokyo, Japan).

Cell culture

The Nthy-ori-3-1, TPC-1, and BCPAP cell lines were purchased 
from GuangZhou JENNIO Biotech Technology (Guangzhou, 
China). Nthy-ori-3-1 and TPC-1 cells were cultured in RPMI 
1640 (GIBCO, Invitrogen, Carlsbad, CA, USA), supplemented with 
10% fetal bovine serum (FBS) (GIBCO, Melbourne, Australia). 
BCPAP cells were cultured in Dulbecco’s modified Eagle’s me-
dium (DMEM) (GIBCO) containing 10% FBS of Australia origin. 
All the cells were cultured at 37°C in 5% CO2.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using an mRNA extraction kit (Takara, 
Dalian, China) according to the manufacturer’s instructions, and 
the concentration and purity of the RNA were detected using 
ultraviolet spectrophotometry (Bio-Rad, Hercules, CA, USA). 
Reverse transcription was carried out using 1 μg of total 
RNA and a PrimeScript® RT Master Mix – Perfect Real-Time 
kit (Takara) according to the manufacturer’s instructions. 
Reverse transcription was performed under the following 
conditions: 37°C for 15 min followed by 85°C for 5 s and 
storage at 4°C. The qPCR reactions (25 μL total volume) con-
tained 2 μL cDNA, 12.5 μL l× SYBR Premix Ex Taq (Takara), 
and 0.5 μL of each primer (10 μM). The 25-μL reactions were 
incubated in a 96-well optical plate at 95°C for 30 s, fol-
lowed by 40 cycles at 95°C for 5 s and 60°C for 30 s using the 
CFX Connect Real-Time system (Bio-Rad). b-actin was used 
as the internal control and each experiment was repeated 
3 times. The sequences of the qPCR primers used were as 
follows: Lin28A forward: 5’-TTGTCTTCTACCCTGCCCTCT-3’; 
Lin28A reverse: 5’-GAACAAGGGATGGAGGGTTTT-3’; c-Myc 
forward: 5’-CGTCCTCGGATTCTCTGCTC-3’; c-Myc reverse: 
5’-GCTGGTGCATTTTCGGTTGT-3’. miRNA qPCR was performed 
using a Mir-X miRNA First-Stand Synthesis Kit (Clontech, 
Mountain View, CA, USA) according to the manufacturer’s 
instructions. U6 was used as the internal control. The 
primer sequence used for quantification of let-7a was 
5’-UGAGGUAGUAGGUUGUAUAGUU-3’.

Western blotting

Proteins were extracted with RIPA containing phenylmethane-
sulfonylfluoride (PMSF; 100 μM, Panera, Guangzhou, China) 
and protease inhibitor (Biotool, Houston, TX, USA). Thereafter, 
the concentration of protein was determined using a bicincho-
ninic acid (BCA) kit (Panera). Sodium dodecyl sulfate (SDS)-
loading buffer (Panera) was added to each sample. The proteins 
were resolved using 10% SDS-polyacrylamide gel electropho-
resis, then transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). The membranes 
were blocked with 10% skim milk at 20–25°C for 1 h, then 
incubated overnight with a primary antibody against human 
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Lin28A, c-Myc, b-actin, or glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) at 4°C. All primary antibodies were pur-
chased from Cell Signaling Technology and diluted to 1: 1000. 
After washing, membranes were incubated with a rabbit-anti-
human IgG peroxide-conjugated antibody (1: 10 000, Jackson 
ImmunoResearch Laboratories, West Grove, PA, USA) at 20–25°C 
for 1 h. The antigen-antibody complexes were detected using 
an enhanced chemiluminescent (ECL) system (Bio-Rad). The 
experiments were repeated 3 times, and b-actin was used as 
a loading control.

Cell transfection

PTC cells were cultured to 70–90% confluence and transiently 
transected with short interfering RNAs targeting Lin28A 
(Lin28A-siRNAs), let-7a mimic, or negative control oligonu-
cleotides (GenePharma, Suzhou, China) using Lipofectamine 
3000 (Invitrogen) according to the manufacturer’s pro-
tocol. The siRNA sequences were as follows: Lin28A siR-
NA-1 sense: 5’-CAGUGGAGUUCACCUUUAATT-3’ and anti-
sense: 5’-UUAAAGGUGAACUCCACUGTT-3’; Lin28A siRNA-2 
sense: 5’-CAACCUACUUUCGAGAGGATT-3’ and antisense: 
5’-UCCUCUCGAAAGUAGGUUGTT-3’. TPC-1 cells were trans-
fected with 50 nM Lin28A-siRNAs, let-7a mimic or negative 
control (NC) and BCPAP cells were transfected with 30 nM 
Lin28A-siRNAs, let-7a mimic or NC.

Cell proliferation assay

Cell proliferation assays were conducted using a Cell Counting 
Kit-8 (CCK-8, DOJINDO, Kumamoto, Japan) according to the 
manufacturer’s instructions. The cells (5±103 cells/well) were 
seeded in 96-well plates. At the indicated time points, 10 µL 
of the CCK-8 solution was added to each well and the cells 
were incubated for 3 h. The optical density (OD) was measured 
at a wavelength of 450 nm using an auto-microplate reader 
(Thermo Fisher Scientific, Inc). Average OD values were used 
to estimate the number of cells in each group.

Cell migration and invasion assays

PTC cells (1×105 cells/well) in serum-free medium were plated 
in the upper inserts of 24-well Boyden chambers (Corning, New 
York, NY, USA). The lower chamber was filled with DMEM or 
RPMI 1640 supplemented with 10% FBS. After incubation at 
37°C for 48 h, the cells on the upper surface of the filter were 
scraped off. The cells on the lower surface of the filter were 
washed, stained, and counted in at least 5 randomly selected 
fields per well under a microscope (magnification, 100×). Cell 
invasion assays were performed as described in the cell mi-
gration assays with the Transwell inserts coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis

The SPSS software package version 19.0 (IBM, Armonk, NY, 
USA) was used for statistical analyses. All data are presented 
as the mean ± the standard deviation (SD) and were analyzed 
using the c2 test. Differences between groups were evaluated 
by the t test (2 groups) and the one-way analysis of variance 
using the Student-Newman-Keuls post hoc test or an inde-
pendent-samples t test (multiple-group comparison). All the 
experiments were repeated at least 3 times. Values of P<0.05 
indicated statistically significant differences.

Results

Lin28A and c-Myc were overexpressed in PTC specimens

First, we investigated the expression of Lin28A and c-Myc in 
the 87 human thyroid tissue specimens. Lin28A was expressed 
mainly in the cytoplasm and was found in 27 (47.4%) of the 57 
PTC cases and in 5 (16.7%) of the 30 NG samples (P=0.005; Table 
1 and Figure 1). In addition, Lin28A was expressed in 66.7% 
(12/18) of the PTC samples from patients with lymph node 
metastases, whereas Lin28A was expressed less frequently in 
samples from patients without lymph node metastases (36.6%, 
P=0.047). Regarding the relationship between Lin28A expres-
sion and tumor/node/metastasis (TNM) classification, 75% of 
the samples from patients with PTC stage III–IV were positive 
for Lin28A, whereas only 40% of the samples from patients 
with stage I–II PTC were positive for Lin28A (P=0.031). Overall, 
more Lin28A was expressed in samples from patients at a late 
TNM stage and in tissues with lymph node metastases. There 
was no significant difference in Lin28A expression when con-
sidering sex, age, and tumor size as factors (Table 2).

c-Myc was expressed mainly in the cytoplasm and was found in 
22 (38.6%) of the 57 samples from patients with PTC and in 4 
(13.3%) of the 30 NG samples (P=0.014; Table 3 and Figure 1). 
In addition, 66.7% (12/18) of the PTC samples from patients 
with lymph node metastases were positive for c-Myc, whereas 
the samples from patients without lymph node metastases ex-
pressed c-Myc less frequently (25.6%, P=0.003). There was no 
significant difference in c-Myc expression when considering 
sex, age, tumor size, and TNM stage as factors (Table 4).

Lin28A and c-Myc were upregulated and let-7a was 
downregulated in PTC

The levels of Lin28A and c-Myc mRNA in the 2 PTC cell lines 
investigated in this study (TPC-1 and BCPAP cells) were higher 
than those in normal thyroid cells (Nthy-ori-3-1, P<0.05 and 
P<0.01, respectively, Figure 2A). Additionally, more Lin28A 
mRNA was expressed in BCPAP cells than in TPC-1 cells (P<0.01, 
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Total
Lin28A

P-valve
Positive n Positive percentage

PTC 57 27 47.4

NG 30 5 16.7 0.005

Table 1. Lin28A expression in PTC and nodular goiter.

IgG control

Lin28A

c-Myc

PTC NG

Figure 1.  Lin28A and c-Myc were overexpressed in PTC tissues. Representative IHC staining of Lin28A and c-Myc (brown staining) in 
human PTC and NG samples. Scale bar, 200 μm.

 characteristic Total
Lin28A

P-valve
Positive n Positive percentage

Gender

0.848 Male 9 4 44.4

 Female 48 23 47.9

Age

0.091 <45 32 12 37.5

 >45 25 15 60.0

Tumor size (cm)

0.392 <4.0 45 20 44.4

 ³4.0 12 7 58.3

Lymph node metastasis

0.047 Absent 39 15 38.5

 Present 18 12 66.7

TNM

0.031 I–II 45 18 40.0

 III–IV 12 9 75.0

Table 2. Clinical characteristics of Lin28A in PTC tissue.
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Figure 2A). There was no significant difference in the expres-
sion of c-Myc mRNA between TPC-1 and BCPAP cells. We ob-
tained similar results when we investigated Lin28A and c-Myc 
protein expression. Lin28A levels were higher in BCPAP cells 
than in TPC-1 cells and the lowest in normal thyrocytes (P<0.05, 
Figure 2B). c-Myc was upregulated in PTC cells compared 
with that in normal thyrocytes (P<0.05, Figure 2B). In contrast 
to what we observed with mRNA expression, c-Myc protein 
levels were higher in BCPAP cells than in TPC-1 cells (P<0.05, 
Figure 2B). Conversely, the expression of let-7a was lower in 
PTC cells than in normal thyrocytes (P<0.05, Figure 2A). Among 
the 2 PTC cell lines investigated, the expression of let-7a was 
lower in BCPAP cells than in TPC-1 cells (P<0.05, Figure 2A).

Relationships among Lin28A, let-7a, and c-Myc expression 
in PTC

Lin28 was previously found to inhibit the processing of 
let-7 in mammalian cells, preventing its accumulation [13]. 
To assess whether Lin28A regulated let-7a in PTC cells, we 

suppressed Lin28A expression in TPC-1 (Figure 3A, 3B) and 
BCPAP (Figure 4A, 4B) cells using RNA interference. Lin28A 
knockdown was associated with upregulation of let-7a mRNA 
in TPC-1 (P<0.01, Figure 3A) and BCPAP (P<0.001, Figure 4A) 
cells compared with that in control cells. Meanwhile, the ex-
pression of c-Myc decreased in the same cells, both at the 
mRNA (P<0.01, Figure 3A and P<0.05, Figure 4A) and protein 
(P<0.01, Figure 3B and P<0.01, Figure 4B) levels.

To explore whether let-7a exerted its effect upstream of 
c-Myc to regulate the expression of Lin28A, we overexpressed 
let-7a in TPC-1 and BCPAP cells. The transfection of let-7a 
mimics was associated with increased let-7a levels (P<0.001, 
Figure 3C and P<0.001, Figure 4C). We found that augmenta-
tion of let-7a expression suppressed Lin28A and c-Myc levels in 
TPC-1 and BCPAP cells relative to that in control cells (Figures 
3C, 3D, 4C, 4D). These data may indicate the existence, in PTC, 
of a double-negative feedback loop between Lin28 and let-7, 
involving c-Myc.

Total
c-Myc

P-valve
Positive n Positive percentage

PTC 57 22 38.6

NG 30 4 13.3 0.014

Table 3. c-Myc expression in PTC and nodular goiter.

 characteristic Total
c-Myc

P-valve
Positive n Positive percentage

Gender

0.272 Male 9 2 22.2

 Female 48 20 41.7

Age

0.066 <45 32 9 28.1

 >45 25 13 52.0

Tumor size (cm)

0.361 <4.0 45 16 35.6

 ³4.0 12 6 50.0

Lymph node metastasis

0.003 Absent 39 10 25.6

 Present 18 12 66.7

TNM

0.806 I–II 45 17 37.8

 III–IV 12 5 41.7

Table 4. Clinical characteristics of c-Myc in PTC tissue.
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Inhibition of Lin28A or overexpression of let-7a 
suppressed PTC cell proliferation

The effects of Lin28A and let-7a on the proliferation of PTC 
cells are not known. To evaluate these phenomena, we first 
performed CCK-8 assays in TPC-1 and BCPAP cells upon down-
regulation of Lin28A. Both TPC-1 and BCPAP cells transfected 
with Lin28A-siRNA exhibited lower rates of growth compared 
with control cells (Figure 5A, 5C). Thereafter, we investigated 
whether let-7a also regulated PTC cell growth. The transfection 
of let-7a mimics inhibited the proliferation of TPC-1 and BCPAP 
cells (Figure 5B, 5D). These data demonstrate that downregu-
lation of Lin28A or overexpression of let-7a inhibited the pro-
liferation of PTC cells.

Lin28A and let-7a affected tumor migration and invasion 
in PTC

PTC cell migration was investigated following Lin28A knock-
down. The migration of TPC-1 and BCPAP cells was inhibited 
after Lin28A silencing (Figure 6A). Similar results were obtained 

upon overexpression of let-7a through the transfection of let-7a 
mimics (Figure 6C). To confirm that Lin28A functions as an 
oncogene in PTC, we explored the influence of Lin28A on the 
invasion of TPC-1 and BCPAP cells in vitro. We found that the 
ability of TPC-1 and BCPAP cells to invade was significantly re-
duced after Lin28A downregulation (Figure 6B).

We demonstrated above that ectopic let-7a suppressed the 
expression of Lin28A. To further demonstrate that the effect 
of Lin28A on the invasion of PTC cells occurred through let-7a, 
we upregulated let-7a in these cells. Our results indicated that 
ectopic expression of let-7a markedly inhibited TPC-1 cell in-
vasion (P<0.001, Figure 6D) and BCPAP (P<0.05, Figure 6D). 
Taken together, these data confirm that Lin28A promotes PTC 
cell invasion, whereas let-7a suppressed it.

Discussion

Mammalian Lin28 has 2 paralogs, Lin28A and Lin28B, which 
are highly expressed in most tumor tissues and cell lines. 
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Figure 2.  Lin28A and c-Myc were overexpressed in PTC cell lines. (A) qPCR analysis was used to detect the mRNA expression of Lin28A, 
c-Myc, and let-7a. The expression of Lin28A and c-Myc was higher in TPC-1 and BCPAP PTC cells compared with that in 
normal human thyrocytes (Nthy-ori-3-1 cells). Let-7a miRNA was expressed at lower levels in PTC cells than in Nthy-ori-3-1 
cells. (B) Western blot analysis was used to detect the protein levels of Lin28A and c-Myc in normal human thyrocytes, TPC-1 
and BCPAP cells. The analysis showed increased Lin28A and c-Myc levels in PTC cells. b-actin and GAPDH were detected as 
loading controls. Data are expressed as means ±SD of 3 independent experiments. * P<0.05; ** P<0.01; *** P<0.001.
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Figure 3.  Relationship among Lin28A, c-Myc, and let-7a in TPC-1 cells. (A) qPCR analysis was used to detect the expression of Lin28A, 
c-Myc, and let-7a in TPC-1 cells transfected with Lin28A-siRNAs. Knockdown of Lin28A cells was associated with lower c-Myc 
expression and higher let-7a expression. (B) Western blot analysis was used to detect the protein expression of Lin28A and 
c-Myc in TPC-1 cells transfected with Lin28A-siRNAs. Knockdown of Lin28A was associated with lower c-Myc levels. (C) qPCR 
analysis was used to detect the mRNA expression of let-7a, Lin28A, and c-Myc in TPC-1 cells transfected with let-7a mimics. 
The overexpression of let-7a was associated with a decrease in Lin28A and c-Myc expression. (D) Western blot analysis 
was used to detect Lin28A and c-Myc protein expression in TPC-1 cells transfected with let-7a mimics. The expression of 
Lin28A and c-Myc was downregulated by the overexpression of let-7a. Data are expressed as means ±SD of 3 independent 
experiments. * P<0.05; ** P<0.01; *** P<0.001, compared with media-only group (un).
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Figure 4.  Relationship among Lin28A, c-Myc, and let-7a in BCPAP cells. (A) qPCR analysis was used to detect the mRNA expression 
of Lin28A, c-Myc, and let-7a in BCPAP cells transfected with Lin28A-siRNAs. The knockdown of Lin28A was associated with 
lower c-Myc and higher let-7a expression. (B) Western blot analysis was used to detect the protein expression of Lin28A and 
c-Myc expression in BCPAP cells transfected with Lin28A-siRNAs. The knockdown of Lin28A was associated with lower c-Myc 
levels. (C) qPCR analysis was used to detect the mRNA expression of let-7a, Lin28A, and c-Myc in BCPAP cells transfected 
with let-7a mimics. The overexpression of let-7a was associated with a decrease in Lin28A and c-Myc mRNA expression. 
(D) Western blot analysis was used to detect Lin28A and c-Myc protein expression in BCPAP cells transfected with let-7a 
mimics. The expression of Lin28A and c-Myc was downregulated by the overexpression of let-7a. Data are expressed as 
means ±SD of 3 independent experiments. * P<0.05; ** P<0.01; *** P<0.001, compared with media-only group (un).
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In addition, both are involved in cancer differentiation, inva-
sion, and metastasis [12, 14]. One recent study indicated that 
Lin28 plays a role in paclitaxel resistance in breast cancer [15]. 
Additionally, overexpression of Lin28 was reported in cancers 
of the prostate, ovary, liver, kidney, and colon [16–23]. In the 
present study we discovered that Lin28A was highly expressed 
in PTC tissues and cell lines. In addition, the expression of 
Lin28A was correlated with lymph node metastasis and TNM 
stage in PTC. The PTC cell line, TPC-1, expressed a rearranged 
form of RET, and BCPAP cells harbored the BRAF V600E gene 
mutation [24,25]. Studies have suggested that BCPAP and TPC-1 
cells displayed notable differences in their proliferation rates 
(higher in BCPAP than in TPC-1 cells) and that BCPAP cells pro-
duced tumors with aggressive clinical behaviors in orthotropic 
nude mice [26]. This may be why more Lin28A was expressed 
in BCPAP cells than in TPC-1 cells.

The let-7 family of miRNA was first identified in C. elegans; its 
members are tumor suppressors and are downregulated in 
some cancers, such as gastric, colon, and lung cancers [6,27–29]. 
A recent study showed that let-7a is involved in PTC tumor-
igenesis by negatively regulating AKT2 [30]. Our study indi-
cated that let-7a was expressed at low levels in PTC cell lines 

compared to a normal thyroid cell line and was expressed the 
least in BCPAP cells. c-Myc is a member of the Myc gene family. 
It is a common oncogene and a highly pleiotropic transcription 
factor known to control proliferation, metabolism, differentia-
tion, and apoptosis [31,32]. c-Myc is a helix-loop-helix leucine 
zipper transcription factor that is known to be abnormally ex-
pressed in human malignancies and is a proven downstream 
target gene of the Lin28/let-7 axis [11,33–35]. In human can-
cers, its expression is deregulated, and it is considered an indi-
cator of poor prognosis [36–38]. In our study, c-Myc was highly 
expressed in PTC tissues and PTC cell lines. Clinically, its ex-
pression is correlated with lymph node metastasis.

Previous studies have indicated that Lin28 binds to the termi-
nal loop of the precursors of the let-7 family miRNAs and blocks 
their processing into mature miRNAs [18,39]. In addition, let-7 
suppressed the translation of Lin28 by binding to the 3’ UTR of 
Lin28 [13,40]. Lin28 also de-repressed c-Myc by inhibiting let-7, 
and c-Myc transcriptionally activated Lin28 [41,42]. Therefore, 
the Lin28/let-7/c-Myc axis might play a significant role in the 
characteristic miRNA expression profiles observed in various 
tumors [43,44]. To prove that the Lin28A/let-7a/c-Myc path-
way exists in PTCs and affects the biological behavior of PTC 
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Figure 5.  Inhibition of Lin28A or overexpression of let-7a suppressed the proliferation of PTC cells. The numbers of Lin28A-silenced 
TPC-1 cells (A), let-7a-overexpressing TPC-1 cells (B), Lin28A-silenced BCPAP cells (C), and let-7a-overexpressing BCPAP cells 
(D) were determined individually at the indicated time points (0–72 h) by CCK-8 assay. Data are shown as means ±SD of 3 
independent experiments. * P<0.05; ** P<0.01; *** P<0.001, compared with media-only group (un).
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cells, we first silenced the expression of Lin28A and detected 
the expressions of c-Myc and let-7a. Knockdown of Lin28A was 
associated with a decrease in c-Myc expression and an increase 
in let-7a levels. We also found that overexpression of let-7a, 
after transfection with let-7 mimics, noticeably downregulated 
Lin28A and c-Myc expression. Pan et al. demonstrated that 
Lin28 inhibited the expression of let-7, suppressed cell prolif-
eration, and promoted cell cycle progression in human small 
cell lung cancer cells [45]. A breast cancer study indicated that 
the migration of Lin28-silenced MDA-MB-231 cells was mark-
edly reduced and the opposite effect was observed upon Lin28 
overexpression [46]. Similarly, we found that knockdown of 
Lin28A diminished PTC cell proliferation, migration, and in-
vasion. Moreover, our study indicates that overexpression 
of let-7a impaired cellular proliferation, migration, and inva-
sion. Further studies are required to investigate the role of the 
Lin28A/let-7a/c-Myc pathway in other types of thyroid cancer.

Conclusions

In the present study we found that high expression of Lin28A 
was associated with lymph node metastasis and late TNM 
stage in PTC and that the expression of Lin28A and c-Myc 
was correlated. Moreover, we showed that the Lin28A/let-7a/
c-Myc pathway affected the growth and malignant behavior 
of PTC. These findings demonstrate the multifactorial nature 
of the Lin28A/let-7a/c-Myc pathway and indicate that it might 
be a target for therapeutic intervention in PTC in the future.
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Figure 6.  Inhibition of Lin28A or overexpression of let-7a suppressed PTC cell migration and invasion. Representative images and 
relative quantification of Transwell migration assay (A) and invasion assay (B) in Lin28A-silenced TPC-1 and BCPAP cells. 
Representative images and relevant quantification of Transwell migration assay (C) and invasion assay (D) in TPC-1 and 
BCPAP cells overexpressing let-7a. ** P<0.01; ** P<0.01; *** P<0.001, compared with media-only group (un).
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