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Abstract. – OBJECTIVE: The current study 
aimed to explore the roles of miR-31 and SOX11 
in papillary thyroid carcinoma (PTC).

PATIENTS AND METHODS: Fifty-four paired 
human PTC specimens and matched normal thy-
roid tissues were obtained. Meanwhile, human 
thyroid epithelial cell Nthy-ori3-1 and PTC cells 
were cultured. The effects of miR-31 on PTC cell 
proliferation, invasion and migration were de-
tected by cell proliferation assays and transwell 
assay, respectively. SOX11 expression in tissue 
samples was examined by immunohistochemical 
staining analyses (IHC). The correlation between 
SOX11 and miR-31 was clarified by Dual-Lucifer-
ase reporter assay. The relative mRNA and protein 
expression were detected by quantitative Real 
Time-Polymerase Chain Reaction (qRT-PCR) and 
Western blot. In addition, the xenograft model 
experiments were performed.

RESULTS: Declined miR-31 expressions were 
frequently identified in PTC, leading to poorer 
overall survival (OS) and worse clinicopatholog-
ic features of PTC patients. Moreover, functional 
assays indicated that miR-31 overexpression 
could notably repress PTC cell proliferation, in-
vasion and migration abilities by regulating the 
extracellular regulated protein kinases (ERK) 
and protein kinase B (Akt) signaling pathways 
and epithelial-mesenchymal transition (EMT). In 
addition, the results of the Luciferase reporter 
assay demonstrated that SOX11 was a direct 
functional target of miR-31 in PTC cells. In vivo, 
miR-31 restoration significantly suppressed the 
tumor growth of xenograft PTC models.

CONCLUSIONS: Our findings indicated that 
miR-31 exerted anti-PTC functions via target-
ing SOX11 and modulating the ERK and Akt sig-
naling pathways and EMT. MiR-31 may potential-
ly serve as a novel biomarker in future therapeu-
tics of PTC.
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qRT-PCR: quantitative Real Time-Polymerase Chain 
Reaction; ERK: extracellular regulated protein kinases; 
Akt: protein kinase B; EMT: epithelial-mesenchymal 
transition; FAM83D: family with sequence similarity 
83, member D; SPHK: sphingosine kinase 1; DAB2IP: 
disabled homolog 2-interacting protein; SOX11: SRY-re-
lated high-mobility group box 11; RPMI-1640: Roswell 
Park Memorial Institute-1640; cDNA: complementa-
ry deoxyribose nucleic acid; GAPDH: glyceraldehyde 
3-phosphate dehydrogenase; MTT: 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyl tetrazolium bromide; DMSO: 
dimethyl sulfoxide; RIPA: radioimmunoprecipitation 
assay; SDS-PAGE: sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis; PVDF: polyvinylidene diflu-
oride; TBST: Tris-Buffered Saline and Tween; VEGFA: 
vascular endothelial growth factor A; BAP1: BRCA-1 
associated protein; SATB2: special ATrich sequence 
binding protein 2.

Introduction

Thyroid carcinoma is a prevalent endocrine 
system malignant tumor with steadily increas-
ing incidence in the past decades1. Papillary 
thyroid carcinoma (PTC) accounts for about 
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80% of all thyroid carcinomas2. Generally, the 
prognosis of most PTC patients is relatively 
good3. Nevertheless, metastases and recurrence 
in PTC patients usually occur, resulting in 
worse clinical outcomes and poor responses to 
standard therapeutic approaches4. Additionally, 
most of the PTC patients have died mainly due 
to the lack of therapeutic strategies and specific 
diagnostic biomarkers. Hence, it is necessary 
to clarify the potential mechanisms underlying 
the formation and development of PTC for the 
identification of novel therapeutic and diagnos-
tic biomarkers.

In recent years, microRNAs (miRNAs) have 
increasingly become the focus of researchers 
owing to their pivotal roles in regulating genes5,6. 
Dysregulation of miRNAs has been found in 
various tumors, playing stimulative or suppres-
sive roles in tumorgenesis7,8. For example, Yan 
et al9 proposed that miR-495 suppressed colorec-
tal cancer progression by regulating family with 
sequence similarity 83, member D (FAM83D); 
Zhao et al10 demonstrated that miR-125b im-
paired bladder cancer proliferation and migra-
tion by regulating sphingosine kinase 1 (SphK1); 
Feng et al11 found that miR-556-3p promoted hu-
man bladder cancer proliferation, invasion and 
migration via negative regulation of disabled ho-
molog 2-interacting protein (DAB2IP) expres-
sions. However, very little has currently been 
known about the effects of miR-31 on PTC tu-
morigenesis. Hence, it is important to elucidate 
the roles and underlying mechanisms of miR-31 
in PTC progression.

Epithelial-mesenchymal transition (EMT), 
cells in which progress could gain mesenchy-
mal characteristics and lose the epithelial dis-
position, has been proven to play vital roles in 
tumor invasion and migration12. Accumulating 
evidence has indicated that EMT is implicat-
ed in PTC pathogenesis and progression13,14. 
Furthermore, extracellular regulated protein 
kinases (ERK) and protein kinase B (Akt) sig-
naling pathways have been reported to exert 
key functions in regulating cell survival, pro-
liferation and growth of various tumors. Kang 
et al15 revealed that miR-326 inhibited melano-
ma progression by suppressing AKT and ERK 
signaling pathways. Zhou et al16 found that glu-
cose-regulated protein 78 contributed to col-
orectal carcinoma proliferation and tumorigen-
esis via AKT and ERK pathways. Therefore, we 
speculated that AKT and ERK pathways and 
EMT were involved in PTC progression.

SOX11 (SRY-related high-mobility group box 
11) is a member of the SOX family, which has 
been confirmed to be implicated in various cellu-
lar processes, including cell proliferation, growth, 
migration, differentiation and invasion17-19. Ab-
errant SOX11 expressions have been identified 
in certain types of solid malignancies such as 
ovarian cancer20, medulloblastoma21, endometrial 
cancer22 and prostate cancer23. Additionally, the 
functions of SOX11 in tumor progression are tu-
mor type-dependent. For instance, SOX11 played 
oncogenic roles in mantle cell lymphoma24, while 
exerted tumor suppressive functions in prostate 
carcinoma25. The present study aimed to explore 
the effects of SOX11 as well as the association be-
tween SOX11 and miR-31 in PTC development.

Patients and Methods

Patients and Tissue Samples
Fifty-four pairs of human PTC specimens and 

matched normal thyroid tissues were obtained 
from PTC patients who underwent thyroid cancer 
resection surgery at the Liaocheng People’s Hos-
pital from May 2015 to October 2017. No patients 
had received chemotherapy or radiotherapy prior 
to tissue collections. Written informed consent 
was provided by all the enrolled patients. All tis-
sue specimens were immediately frozen in liquid 
nitrogen and stored at 80°C for further assays. 
This study was approved by the Ethics Commit-
tee of Liaocheng People’s Hospital.

Cell Culture
Human thyroid epithelial cell Nthy-ori3-1 and 

PTC cells (BCPAP, TPC-1, K1 and HTH83) were 
purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). All cells 
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640; HyClone, South Logan, 
UT, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, Grand Island, NY, USA) in a 
humidified incubator with 5% CO2 at 37°C.

Cell Transfections
MiR-31 mimics, inhibitor and corresponding 

negative control (NC) were obtained from Ge-
nePharma Co., Ltd. (Shanghai, China). Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA) was 
utilized to transfect the miRNAs into PTC cells 
according to the manufacturer’s proposals. 48 h 
after transfections, cells were harvested and sub-
jected to further assays
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Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) was utilized to isolate the total RNAs from 
the tissue samples and cultured PTC cells accord-
ing to the manufacturer’s proposals. Then, the 
Prime-Script RT reagent Kit (TaKaRa, Dalian, 
China) was used to synthesize complementary de-
oxyribose nucleic acid (cDNA). Quantitative Real 
Time-Polymerase Chain Reaction (RT-PCR) was 
performed with SYBR Premix Ex Taq II (TaKa-
Ra Bio Inc., Dalian, China) on an ABI 7900 HT 
system (Applied Biosystems, Foster City, CA, 
USA). U6 or glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as the internal 
control for miR-31 or SOX11 respectively. The 
relative gene expressions were quantified by the 
2-ΔΔCT method. The primer sequences for qRT-PCR 
were as follows: MiR-31: Forward: 5’-ACGCGG-
CAAGATGCTGGCA-3’; Reverse: 5’-CAGTGCT-
GGGTCCGAGTGA-3’;SOX11: Forward: 5’-GGT-
GGATAAGGATTTGGATTCG-3’; Reverse: 
5’-GCTCCGGCGTGCAGTAGT-3’; U6: Forward: 
5’-TGGAACGATACAGAGAAGATTAGCA-3’; 
Reverse: 5’-AACGCTTCACGAATTTGCGT-3’; 
GAPDH: Forward: 5’-GAAGGTGAAGGTCG-
GAGTC-3’; Reverse: 5’-GAAGATGGTGATGG-
GATTTC-3’.

Cell Proliferation Assays 
The MTT (3-(4,5-dimethyl thiazol-2-yl)-2,5-

diphenyl tetrazolium bromide) assays (Sigma-Al-
drich, St. Louis, MO, USA) were carried out to 
detect cell proliferation abilities of transfected 
PTC cells. The PTC cells were seeded into the 96-
well plate 24 h post-transfection. Then, the cells 
were incubated at 37°C and proliferation abili-
ty was evaluated every 24 h for 3 days follow-
ing the manufacturer’s protocols. In brief, MTT 
solution (20 μL, 5 mg/mL) was added into each 
well, and the cells were incubated for another 4 
h at 37°C. Then, the reactions were stopped and 
the purple colored crystals were dissolved by the 
addition of 150 μL dimethyl sulfoxide (DMSO; 
Sigma-Aldrich, St. Louis, MO, USA). The optical 
density (OD)490 of each well was examined with a 
microplate reader (Thermo Fisher Scientifc, Inc., 
Waltham, MA, USA).

Invasion and Migration 
Assays

Transwell assay was conducted to determine 
the functions of miR-31 in PTC cell invasion and 
migration capacities using transwell chamber (8-

μm pore size; Corning Co., Corning, NY, USA). 
For invasion assay, chambers were pre-coated 
with Matrigel (BD Biosciences, Franklin Lakes, 
NJ, USA). Transfected PTC cells which were re-
suspended in serum-free medium were plated into 
the top chamber while medium containing 10% 
fetal bovine serum (FBS) was added into the bot-
tom chamber as a chemoattractant. For migration 
assays, the transfected PTC cells were seeded into 
the upper chambers pre-coated without Matrigel. 
Thereafter, PTC cells were incubated at 37°C for 
24 h. Afterward, non-invading or non-migrat-
ing cells were wiped off completely with cotton 
swabs while those adhering to the bottom of the 
membrane were fixed and stained with methanol 
and crystal violet, respectively. Then, cells from 
five randomly selected visual fields were photo-
graphed and counted using a microscope (Olym-
pus, Tokyo, Japan). 

Dual-Luciferase Reporter 
Assay

The SOX11 sequences which contained pu-
tative wild-type (WT) or mutant (MUT) miR-
31 binding sites (SOX11-3’UTR-WT or SOX11-
3’UTR-WT), were synthesized and inserted 
into pmirGLO vectors (Promega, Madison, WI, 
USA). Next, PTC cells were cotransfected with 
pmirGLO vector containing SOX11-3’UTR-WT 
or SOX11-3’UTR-MUT together with miR-31 
mimics using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). Then, the Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI, 
USA) was utilized to determine the relative Lu-
ciferase activity of PTC cells 48 h after transfec-
tions.

Western Blots
Total proteins were isolated from the cul-

tured PTC cells using radioimmunoprecipitation 
assay (RIPA) lysis buffer containing protease 
inhibitors (Pierce, Waltham, MA, USA). Then, 
a bicinchoninic acid (BCA) protein assay kit 
(Pierce Waltham, MA, USA) was used for protein 
quantification. Subsequently, the proteins were 
subjected to separation by 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE), followed by being transferred onto 
polyvinylidene difluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA). The membrane 
was blocked with 5% non-fat milk in Tris-Buff-
ered Saline and Tween (TBST) for 2 hours at 
room temperature and then incubated overnight 
at 4°C with specific primary antibodies as fol-
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lows: anti-E-cadherin (1:1000, ab40772, Abcam, 
Cambridge, MA, USA), anti-Vimentin (1:1000, 
ab45939, Abcam, Cambridge, MA, USA), an-
ti-ERK (1:1000, ab17942, Abcam, Cambridge, 
MA, USA), anti-Akt (1:1000, sc-56878, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), an-
ti-p-ERK (1:2000, ab192591, Abcam, Cambridge, 
MA, USA), anti-p-Akt (1:1000, sc-81433, Santa 
Cruz Biotechnology, CA, USA) and anti-GAP-
DH (1:1000, ab9485, Abcam, Cambridge, MA, 
USA). Afterward, the membrane was incubated 
with horseradish peroxidase (HRP)-conjugated 
secondary antibodies (1:2000, ab6721, Abcam, 
Cambridge, MA, USA) at room temperature for 
2 h. Then, an enhanced chemiluminescence kit 
(Pierce, Waltham, MA, USA) was utilized to vi-
sualize the protein bands. GAPDH was used an 
internal control.

Immunohistochemical Staining 
Analyses (IHC)

IHC analysis was performed to examine 
SOX11 expressions in PTC tissue samples. 
Briefly, tissue samples were fixed in 10% for-
malin, dehydrated and embedded in paraffin. 
Then, tissue sections were deparaffinized and 
rehydrated by graded alcohol. 3% of hydrogen 
peroxide was utilized to block endogenous per-
oxidase activities. Endogenous antigen-retrieval 
was performed with citrate buffer in a micro-
wave oven. The sections were incubated with an-
ti-SOX11 (1:200, ab234996, Abcam, Cambridge, 
MA, USA) in a humidified chamber at 4°C over-
night, followed by incubated with biotinylated 
HRP-conjugated secondary antibody (1:1000, 
ab6721, Abcam, Cambridge, MA, USA). There-
after, diaminobenzidine (DAB; Abcam, Cam-
bridge, MA, USA) was used as a chromogen, 
and the sections were counterstained with hema-
toxylin. The expression levels were determined 
following the ratio of positive cells: stained cells/
all cells < 25% was considered as negative (-) 
while the ratio >25% was positive (+)26,27. Five 
fields were selected randomly under a light mi-
croscope (Olympus BX50; Olympus Corpora-
tion, Tokyo, Japan).

Xenograft Model 
Experiments

All animal assays in the current study were 
approved by the Animal Care and Utilization 
Committee of Liaocheng People’s Hospital. Fe-
male BALB/c mice (4-6 weeks old) were random-
ly assigned into two groups. TPC-1 cells which 

were stably transfected with lentiviral miR-31 
(lenti-miR-31) or the negative lentiviral miR-con-
trol (lenti-control) were injected subcutaneously 
into the posterior flank of the mice. The volumes 
of tumors were monitored every 3 days in accor-
dance with the following equation: tumor vol-
ume=length×width2/2. The mice were sacrificed 
28 days after the injection and the tumors were 
excised and trimmed.

Statistical Analysis
All experiments were repeated at least three 

times. Statistical Product and Service Solutions 
(SPSS) software version 17.0 (SPSS Inc., Chicago, 
IL, USA) was applied for the statistical analysis. 
Student’s t-test, ANOVA and Scheffe’s post-hoc 
analysis were applied, where appropriated. Ka-
plan-Meier method and log-rank test were applied 
to estimate the survival rates and compare the 
survival curves respectively. p<0.05 was regarded 
as a statistically significant difference.

Results

MiR-31 Was Prominently 
Downregulated 
in PTC Tissue Samples

To identify the functional roles of miR-31 in 
PTC progression, we measured the miR-31 expres-
sions in PTC tissue specimens using qRT-PCR. 
The results demonstrated prominent down-reg-
ulation of miR-31 in PTC tissues in comparison 
with the normal tissues (Figure 1A). In addition, 
we also analyzed the correlation between miR-31 
expression levels and clinicopathological char-
acteristics of PTC patients. It was found that de-
creased miR-31 expressions were significantly 
correlated with the adverse phenotypes of PTC 
patients (Table I). Moreover, according to the re-
sults of the Kaplan-Meier analysis, we found that 
the PTC patients with low miR-31 expressions 
presented poor overall survivals (Figure 1B).

MiR-31 Restoration Inhibited PTC 
Cell Proliferation

Moreover, we also examined the expressions 
of miR-31 in different PTC cell lines. qRT-PCR 
analysis demonstrated that the miR-31 expres-
sions in all PTC cells were markedly down-reg-
ulated when compared to Nthy-ori3-1 (Figure 
2A). To further determine the potential anti-PTC 
roles of miR-31, we transfected miR-31 mimics 
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or inhibitor into TPC-1 or BCPAP cells, the en-
dogenous miR-31 expression of which was rel-
atively low or high among all the selected PTC 
cells. qRT-PCR was then conducted to verify the 
over-expression or inhibition of miR-31 in TPC-
1 or BCPAP cells (Figure 2B and 2C). MTT as-
says demonstrated that miR-31 over-expression 
notably repressed TPC-1 cell proliferation ability 
(Figure 2D) whereas miR-31 inhibition in BCPAP 
cells dramatically enhanced the proliferation ca-
pacity (Figure 2E). 

MiR-31 Overexpression Inhibited PTC 
Cell Invasion and Migration

Next, we investigated the anti-tumor functions 
of miR-31 in PTC cell invasion and migration. The 
results of the transwell assay indicated that miR-31 
up-regulation significantly inhibited TPC-1 cell in-
vasion and migration capacities (Figure 3A and 3B). 
On the other hand, miR-31 inhibition in BCPAP cells 
dramatically promoted the invasion and migration 
abilities (Figure 3C and 3D). These data revealed that 
miR-31 served as a tumor suppressor in PTC.

Table I. Correlation of miR-31 expression with the clinicopathological characteristics of the PTC patients.

Clinicopathologic  Cases                   miR-31# expression  p-value
 features (No.=54)
  High (n=20) Low (n=34) 

Age (years)    0.4663
  >60 29 11 18 
  ≤60 25 9 16 
Gender    0.2536
  Male  27 8 19 
  Female 27 12 15 
Tumor size (cm)     0.2364
  ≥5.0 26 6 20 
  <5.0 28 14 14 
Lymph node metastasis    0.0023*
  Yes 21 16 5 
  No 33 4 29 
TNM stage    0.0017*
  I +II 23 15 8 
  III+IV 31 5 26 
Distant metastasis    0.0031*
  Yes 26 6 20 
  No 28 14 14

PTC: papillary thyroid carcinoma; TNM: tumor-node-metastasis.
#The mean expression level of miR-31 was used as the cutoff.

Figure 1. Down-regulated miR-31 expressions in PTC tissues were related to shorter OS of PTC patients. A, MiR-31 expres-
sions in PTC tissue samples and matched normal tissue samples were detected using qRT-PCR. B, Kaplan-Meier survival 
analysis of PTC patients with different miR-31 expressions was performed. **p<0.01.

A B
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Figure 2. MiR-31 over-expression notably repressed PTC cell proliferation. A, The miR-31 expressions in PTC cells were 
measured using qRT-PCR. B, MiR-31 expressions in TPC-1 cells which were treated with miR-31 mimics. C, MiR-31 expres-
sions in BCPAP cells which were transfected with miR-31 inhibitor. D-E, MTT assay was carried out to assess the proliferation 
abilities of PTC cells treated with miR-31 mimics or inhibitor. *p<0.0.5, **p<0.01, ***p<0.001.

A B C

ED

Figure 3. MiR-31 restoration significantly suppressed PTC cell migration and invasion. A-B, The transwell assay was per-
formed to determine the roles of miR-31 up-regulation in TPC-1 cell migration and invasion capacities (Magnification × 40). 
C-D, The invasion and migration capacities of BCPAP cells which were treated with niR-31 inhibitor were measured by tran-
swell assays (Magnification × 40). **p<0.01, ***p<0.001.

A

C

B

D
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SOX11 Was a Direct Target
for MiR-31in PTC Cells

To explore the underlying mechanisms by 
which miR-31 inhibited PTC progression, Target-
scan was utilized to explore the potential target 
genes of miR-31. Findings revealed that there were 
possible binding sequences of miR-31 in SOX11-
3′UTRs (Figure 4A). Subsequently, Luciferase 
reporter assay was carried out to confirm such a 
prediction. The results indicated that the Lucifer-
ase activity of PTC cells which were co-transfected 
with SOX11-3’UTR-WT and miR-31 mimics was 
notably decreased while the cotransfection with 
SOX11-3’UTR-MUT and miR-31 mimics had no 
evident influence on the Luciferase activity of PTC 
cells (Figure 4B). To further investigate whether 
miR-31 regulated the expressions of SOX11, we 
detected the expressions of SOX11 in TPC-1 or 
BCPAP cells which were transfected with miR-31 
mimics or inhibitor. As shown in Figure 4C and 
4D, we found that SOX11 expressions were nota-
bly inhibited by miR-31 over-expression in TPC-1 
cells whereas markedly enhanced by miR-31 inhi-
bition in BCPAP cells. All these data indicated that 
SOX11 was a direct functional target of miR-31.

MiR-31 Modulated ERK 
and Akt Signaling Pathways 
and EMT in PTC Cells

To explore the mechanisms underlying 
miR-31mediated suppressive effects on PTC cell 
growth and metastasis, the ERK and AKT sig-
naling pathways and EMT were analyzed. We 
performed IHC assays to examine SOX11 ex-
pressions in PTC tissues. The findings indicated 
that SOX11 mainly localized at the nucleus and 
notably up-regulated in PTC tissues (Figure 5A 
and 5B). Moreover, the Kaplan-Meier analysis 
demonstrated that the overall survival rate of PTC 
patients who had higher SOX11 expressions was 
shorter than that of patients with lower SOX11 
expressions (Figure 5C). Subsequently, Western 
blot was performed to determine whether miR-31 
regulated ERK and AKT signaling pathways and 
EMT in PTC cells. We found that the expressions 
of p-ERK and p-AKT were significantly decreased 
by miR-31 over-expression in TPC-1 cells while 
notably promoted by the miR-31 inhibitor in BC-
PAP cells (Figure 5D). In addition, we measured 
the expressions of EMT related markers in TPC-
1 or BCPAP cells which were transfected with 

Figure 4. SOX11 was identified as a functional target of miR-31 in PTC cells. A, The binding sites of miR-31 in the SOX11 3'-
UTR were shown. B, The luciferase activity of PTC cells which were co-transfected with miR-31 mimics and SOX11 3'-UTR-
WT or MUT was examined. C, SOX11 expressions in TPC-1 cells treated with miR-31 mimics were detected. D, SOX11 
expressions in BCPAP cells with transfection of miR-31 inhibitor were examined. *p<0.0.5, **p<0.01.

A

B

DC
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miR-31 mimics or inhibitor. Western blot analysis 
showed that the expressions of E-cadherin were 
significantly enhanced in miR-31 over-expressed 
TPC-1 cells whereas the vimentin and N-cadher-
in expressions were notably down-regulated. In 
the meantime, the E-cadherin expressions were 
prominently decreased while the vimentin and 
N-cadherin expressions were up-regulated by 
miR-31 inhibition in BCPAP cells (Figure 5D). 

MiR-31 Repressed PTC Tumor 
Growth In Vivo

As miR-31 exerted inhibitory functions in PTC 
cell proliferation, invasion and migration, we next 
examined the biofunctions of miR-31 in inhibit-
ing in vivo PTC tumorigenicity. The findings re-
vealed that miR-31 over-expression dramatically 

suppressed the tumor growth and reduced tumor 
volumes of PTC xenograft models (Figure 6A and 
6B), suggesting that miR-31 inhibited PTC cell 
tumorigenicity in vivo.

Discussion

In general, the prognosis of PTC patients is be-
lieved to be relatively good28. Nevertheless, certain 
PTC patients present aggressive behaviors, which 
were associated with poor prognosis and low re-
section rates29. Moreover, since most deaths of PTC 
patients are usually caused by insufficient thera-
peutic strategies and specific diagnostic biomark-
ers30, understanding the underlying mechanisms 
of PTC development to identify novel targets is a 

Figure 5. SOX11 was up-regulated in PTC and miR-31 modulated the AKT and ERK pathways and EMT in PTC cells. A, B, 
IHC assays were performed to determine the SOX11 expressions in PTC tissues (Magnification × 40). C, Kaplan-Meier sur-
vival analysis of PTC patients with different SOX11 expressions was performed. D, Western blot was performed to determine 
the functions of miR-31 in AKT and ERK pathways and EMT of PTC cells.

A

C

D

B
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major challenge for the improvement of PTC treat-
ments. It is well known that miRNAs play crucial 
roles in PTC progression, serving as either tumor 
suppressors or oncogenes. For instance, Wang et 
al31 proposed that miR-622 suppressed PTC tumor-
igenesis by directly targeting vascular endothelial 
growth factor A (VEGFA); Liu et al32 reported that 
miR-144-3p promoted PTC growth and metastasis 
via targeting paired box gene 8; Li et al33 found that 
miR-29a suppressed PTC growth and metastasis 
via regulating AKT3. 

Current studies have demonstrated that miR-
31 is involved in the development of various tu-
mors. For instance, Wang et al34 proposed that 
miR-31 functioned as an oncomir in promoting 
cervical carcinoma EMT via regulating BRCA-
1 associated protein (BAP1); another study by 
Luo et al35 indicated that miR-31 repressed tri-
ple negative breast carcinoma invasion and mi-
gration by regulating special ATrich sequence 
binding protein 2 (SATB2). In the present work, 
we focused on the roles of miR-31 in PTC pro-
gression and the results confirmed that miR-
31 was prominently down-regulated in PTC. 
In addition, the decreased miR-31 expressions 
were found to be associated with the poor OS of 
PTC patients. Moreover, data also revealed that 
miR-31 over-expression dramatically repressed 
the proliferation, migration and invasion abili-
ties of PTC cells through the regulation of AKT 
and ERK pathways and EMT. We also found 
that miR-31 over-expression could remarkably 
suppress the in vivo PTC growth. The above re-
sults suggested that miR-31 exerted anti-tumor 
functions in PTC progression. 

SOX11 has long been known to be implicat-
ed in tumorigenesis of multiple tumors, including 
thyroid carcinoma36. Briefly, SOX11 was found to 
be up-regulated in thyroid carcinoma, functioning 
as an oncogene. In the current work, we provid-
ed further evidence that SOX11 was involved in 
PTC progression. Similarly, a significant increase 
of SOX11 expressions was confirmed in PTC tis-
sues, which indicated poorer OS of PTC patients. 
Moreover, SOX11 was observed as a direct target 
for miR-31 in PTC cells, regulating the functional 
effects of miR-31on PTC progression. 

Conclusions

We found that miR-31 was notably down-reg-
ulated whereas SOX11 was dramatically up-reg-
ulated in PTC. Moreover, miR-31 over-expression 
prominently repressed PTC cell proliferation, in-
vasion and migration via regulating the AKT and 
ERK pathways and EMT. Furthermore, SOX11 
was identified as a direct target of miR-31 and 
involved in the functions of miR-31 in PTC pro-
gression. Additionally, miR-31 restoration could 
suppress PTC growth in vivo. 
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Figure 6. MiR-31 over-expression significantly inhibited PTC growth in vivo. A, Growth curves of tumor volumes in differ-
ent groups were drawn. B, Representative images of tumors in the different treatment groups were shown. *p<0.0.5, **p<0.01, 
***p<0.001.
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