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Abstract. Heparanase (HPSE) is an endo‑β‑D‑glucuronidase 
overexpressed in different types of human cancer, and a 
predicted target of microRNA (miRNA/miR)‑219a‑2‑3p in 
thyroid cancer. The present study aimed to investigate the 
potential role of HPSE and miR‑219a‑2‑3p in thyroid cancer, 
and the molecular mechanism of miR‑219a‑2‑3p regulating the 
proliferation of thyroid cancer cells via HPSE was confirmed. 
Immunohistochemistry analysis was performed to detect HPSE 
expression in thyroid cancer sections. In addition, reverse tran‑
scription‑quantitative PCR analysis was performed to detect 
mRNA and miR‑219a‑2‑3p expression levels in thyroid cancer 
samples and cell lines. miR‑219‑2‑3p mimic or HPSE plasmid 
were transfected into B‑CPAP and TPC‑1 thyroid cancer cells. 
Furthermore, western blot analysis was performed to detect 
the protein expression levels of HPSE and cyclin D1. Cell 
cycle analysis was performed using propidium iodide staining 
and flow cytometry, and EdU incorporation was performed to 
detect cell proliferation. The results demonstrated that high 
HPSE expression was significantly associated with tumor size, 
extracapsular invasion and lymph node metastasis. Notably, 
a statistically negative correlation was observed between 
HPSE mRNA expression and miR‑219a‑2‑3p expression in 
thyroid cancer tumors, as well as in thyroid cancer cell lines. 
When exogenously expressed in B‑CPAP and TPC‑1 cells, 
miR‑219a‑2‑3p induced cell cycle arrest at the G0/G1 phase and 
decreased the percentage of proliferating cells. Furthermore, 
HPSE and cyclin D1 protein expression decreased following 
transfection with miR‑219a‑2‑3p. Notably, when HPSE was 
ectopically expressed in miR‑219a‑2‑3p transfected cells, 
cyclin D1 expression and the number of proliferative cells 
increased. Taken together, these results suggest that HPSE 

contributes to the proliferation of thyroid cancer cells. In 
addition, miR‑219a‑2‑3p was confirmed to target HPSE and 
inhibit cell proliferation, which was associated with cyclin D1 
suppression‑mediated cell cycle arrest.

Introduction

Heparanase (HPSE) is an endo‑β‑glucuronidase that promotes 
the invasion and metastasis of tumor cells (1). HPSE has been 
confirmed to facilitate the proliferation and metastasis of 
ovarian cancer (2), and downregulation of HPSE inhibits the 
adhesive and aggressive properties of hepatocellular carcinoma 
cells (3). HPSE is also an important regulator in the tumor 
microenvironment, such as tumor angiogenesis. Notably, HPSE 
mRNA expression is negatively associated with the prognostic 
factors of patients with pancreatic ductal adenocarcinoma. 
Furthermore, HPSE affects vascular endothelial growth factor 
C expression and promotes the invasion of BxPC‑3 cells (4). 
HPSE is a key protein influencing tumor angiogenesis and cell 
proliferation and invasion in cervical cancer, potentially via 
the nuclear factor‑Kappa B (NF‑κB) signaling pathway (5). In 
a thyroid carcinoma study, HPSE2 expression was upregulated 
and tumors exhibited a typical combination of positive labeling 
for neoplastic cells and negative immunostaining in colloid (6).

The molecular mechanisms underlying the progression 
of different tumors by HPSE regulation can be multifaceted. 
It has been reported that HCCLM3 cells with high HPSE 
expression exhibit higher transendothelial migration (TEM) 
rates (7). Furthermore, downregulation of HPSE or inhibi‑
tion of its activity suppresses TEM in HCC cells. The role of 
HPSE in modulating autophagy was established in normal 
and malignant cells, thereby conferring growth advantages, 
as well as resistance to chemotherapy (7). MicroRNA 
(miRNA/miR)‑558 facilitates the progression of gastric 
cancer by directly targeting the HPSE promoter to attenuate 
SMAD4‑mediated repression of HPSE expression (8).

Currently, the biological function and molecular mechanism 
of miR‑219a‑2‑3p in cancer remain unclear. miR‑219a‑2‑3p 
expression is upregulated in neural stem cell‑derived exosomes, 
which forms in the presence of insulin growth factor‑1 (9). 
Consequently, the NF‑κB pathway is inhibited and neuroinflam‑
mation is attenuated. In addition, miR‑219a‑2‑3p expression is 
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downregulated in pituitary adenomas, which suppresses prolif‑
eration and promotes apoptosis of pituitary adenoma cells (10). 
Similarly, miR‑219a‑2‑3p is expressed at low levels and 
negatively associated with the proliferation of gastric cancer 
cells (11). Our preliminary bioinformatics analysis suggested 
that HPSE may be a probable target of miR‑219a‑2‑3p (data 
not shown). However, the function of miR‑219a‑2‑3p in thyroid 
cancer and its regulation of HPSE are yet to be investigated.

The present study aimed to investigate the potential role of 
HPSE and miR‑219a‑2‑3p in thyroid cancer, and to elucidate 
the molecular mechanism by which miR‑219a‑2‑3p regulates 
the proliferation of thyroid cancer cells via HPSE.

Materials and methods

Thyroid cancer samples. Thyroid cancer sections from 
80 patients, 30 fresh thyroid cancer tissues and corresponding 
paracancerous tissues were collected between January 2018 
and June 2018 in Shengjing Hospital of China Medical 
University (Shenyang, China). The inclusion criteria were 
as follows: i) Patients diagnosed with thyroid cancer for the 
first time; ii) no treatment accepted prior to surgery; and iii) a 
pathological diagnosis of thyroid cancer. The exclusion criteria 
included: i) Cases with incomplete clinicopathological data; 
ii) patients who received radiotherapy or chemotherapy before 
surgery; and iii) patients with a previous history of thyroid 
surgery. The 80 cases comprised 21 male and 59 female patients 
with a mean age of 51 years (range, 32‑78 years). All samples 
were surgical resections and the paracancerous tissues were 
collected at least 2 cm away from the tumor edge. The sections 
were placed at room temperature and the fresh tissues were 
preserved in liquid nitrogen until subsequent experimentation.

Formalin‑fixed paraffin‑embedded (FFPE) thyroid cancer 
sections were stained at room temperature with hematoxylin 
for 10 min and eosin (H&E) for 2 min, and diagnosed according 
to the 4th edition of World Health Organization classification 
of endocrine tumors guidelines (12) and the 8th edition of the 
American Joint Committee on Cancer (AJCC)/TNM staging 
system of thyroid cancer (13), by two senior pathologists. The 
clinicopathological characteristics of the 80 patients, including 
sex, age, differentiation, tumor size, extracapsular invasion 
and lymph node metastasis are presented in Table I. The 
present study was approved by the Medical Research Ethics 
Committee of China Medical University (ethics approval 
no. 2014PS47K) and written informed consent was provided 
by all patients prior to the study start.

Immunohistochemistry. A total of 80 thyroid cancer samples 
were fixed with 10% formaldehyde at room temperature for 
10 min, embedded in paraffin, and 4‑µm thick sections were 
prepared. These sections were deparaffinized and convention‑
ally rehydrated. Following antigen recovery, the sections were 
incubated with 3% H2O2 to inhibit endogenous peroxidase 
activity, followed by 5% non‑immune goat serum at 37˚C for 
30 min to block the unspecific antibody binding. Sections were 
incubated with rabbit polyclonal antibody specific for HPSE 
(1:200; 24529‑1‑AP; ProteinTech Group, Inc.) at 4˚C overnight. 
After 24 h, tissue sections were incubated with goat anti‑rabbit 
IgG (1:1,000; KIT‑0105R; Maxim Biotechnologies, Inc.) and 
streptavidin‑peroxidase (SP) complex at 37˚C for 30 min 

(KIT‑9710; Maxim Biotechnologies, Inc.), and subsequently 
stained with 3,3'‑diaminobenzidine at room temperature for 
a few seconds. The non‑immune goat IgG (1:200 dilution; 
KIT‑0105R; Maxim Biotechnologies, Inc.) was used as the 
negative control instead of primary antibody. A total of two 
senior pathologists separately evaluated the immunostained 
sections under an optical microscope. Brown particles in the 
cytoplasm were considered positive HPSE expression. The 
intensity of HPSE staining was determined as follows: 0, nega‑
tive; 1, weak and 2, intense. The percentage of positive cells 
(≤50%, 1; >50%, 2) were assessed in at least five randomly 
selected fields (magnification, x400) and both values were 
multiplied to obtain a final score for each section as 0, 1, 2 or 
4. The sections were classified into low expression (score ≤2, 
including score 0) or high expression (score >2).

Cell culture and transfection. Human normal Nthy‑ori 3‑1 
thyrocytes and the thyroid cancer cell lines, B‑CPAP, TPC‑1, 
KTC‑1 and K1, were purchased from the Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences 
and maintained in RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% fetal bovine 
serum (BioInd, Inc.), at 37˚C with 5% CO2. The B‑CPAP 
and K1 cell lines were authenticated via short tandem 
repeat profiling, provided by the Cell Line Authentication 
Service from Shanghai Blowing Biotechnology Co., Ltd 
(http://www.biowing.com.cn/). miR‑219a‑2‑3p mimic and 
miR‑negative control (NC) were purchased from Shanghai 
GeneChem Co., Ltd. The sequence of miR‑219a‑2‑3p was 
5'‑AGA AUU GUG GCU GGA CAU CUG U‑3' and the NC 
sequence was 5'‑ACG UCG UCA CCG GCU AGC AGC AC‑3'. 
Cells were transfected with 50 nM miR‑219a‑2‑3p or miR‑NC 
using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) at 37˚C for 24 h. The plasmids for HPSE and 
the empty vector were purchased from OBiO Technology 
(https://www.obiosh.com). The plasmids were transfected 
into B‑CPAP or TPC‑1 cells using Lipofectamine® 3000 
(L3000008; Invitrogen; Thermo Fisher Scientific, Inc.) 24 h 
after miR‑219a‑2‑3p or miR‑NC transfection at 37˚C for 
another 24 h. 48 h later, cells were applied for subsequent 
experimentation. All experiments were performed in triplicate.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
from fresh thyroid tumors and corresponding paracancerous 
tissues or cultured thyroid cancer cells was extracted using 
the RNApure kit (Aidlab; (http://www.aidlab.cn), and RNA 
concentration and purity was determined by UV spectroscopy. 
The RNA was then reverse transcribed into cDNA at 25˚C for 
5 min and 42˚C for 1 h using the GoScript Reverse Transcription 
System (Promega Corporation). qPCR was subsequently 
performed using the GoTaq qPCR Master Mix (Promega 
Corporation) in the Roche LightCycler 480 Real‑Time PCR 
instrument. The following primer sequences were used for 
qPCR: HPSE forward, 5'‑AGT GGG TGT GGG TGA TTT CC‑3' 
and reverse, 5'‑GGC TCC TGG GTG AAG AAG TC‑3'; GAPDH 
forward, 5'‑CAG GAG GCA TTG CTG ATG AT‑3 and reverse, 
5'‑GAA GGC TGG GGC TCA TTT‑3';  miR‑219a‑2‑3p 
forward, 5'‑GTC CAG AAT TGT GGC TGG AC‑3' and 
reverse, 5'‑GCA GGG TCC GAG GTA TTC‑3'; and U6 
forward, 5'‑CTC GCT TCG GCA GCA CA‑3' and reverse, 
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5'‑AAC GCT TCA CGA ATT TGC GT‑3'. The length of PCR 
products were 193 base pairs (bp), 152, 22 and 94 bp, respec‑
tively. The following thermocycling conditions were used 
for qPCR: 40 cycles with an initial denaturation at 95˚C for 
2 min, amplification at 95˚C for 15 sec and annealing at 60˚C 
for 1 min. Relative expression levels were calculated using the 
2‑ΔΔCq (14) method and normalized to the internal reference 
gene GAPDH (for HPSE) or U6 (for miR‑219a‑2‑3p).

Western blotting. The cultured cells were lysed using RIPA 
containing protease inhibitor (G6521; Promega Corporation) 
and centrifuged at 22,000 x g at 4˚C for 30 min for supernatant 
extraction. The protein content was determined using a BCA 
assay kit (Beyotime Institute of Biotechnology). Total protein 
(50 µg) was separated by 12% SDS‑PAGE and then transferred 
to a PVDF membrane. The membranes were incubated with 
5% non‑fat milk powder at room temperature for 2 h to block 
nonspecific antibody binding. The membranes were then incu‑
bated with the following primary antibodies: Rabbit anti‑HPSE 
(1:1,000; cat. no. 24529‑1‑AP; ProteinTech Group, Inc.), mouse 
anti‑cyclin D1 (1:500; cat. no. TA804673; ZSGB‑BIO) and 
anti‑GAPDH (1:500; cat. no. TA‑08; ZSGB‑BIO) overnight 
at 4˚C. Following the primary incubation, membranes were 
incubated with goat anti‑rabbit (1:4,000; cat. no. ZB‑2301) or 
anti‑mouse IgG (1:2,000; cat. no. ZB‑2305) secondary antibodies 
at room temperature for 2 h, which were both purchased from 
ZSGB‑BIO. Protein bands were developed using electrochemilu‑
minescence (WBKLS0100; MilliporeSigma) and analyzed using 
ImageJ software (version 1.52v; National Institutes of Health). 
The ratio of IODtarget protein and IODGAPDH of the same specimen 
was calculated as the relative expression level of target protein.

Dual‑luciferase reporter assay. The TargetScan database 
(http://www.targetscan.org) revealed that miR‑219a‑2‑3p shares 
complementary binding sequences with HPSE. TargetScan 
predicts HPSE as a potential target of any miRNAs by searching for 
the presence of conserved 8mer sites that match the seed region, and 
miR‑219a‑2‑3p (position 1603‑1610 of HPSE 3'‑UTR) was selected 
in the present study. Partial HPSE sequences containing predictive 
miR‑219a‑2‑3p binding sites or mutated sites [HPSE‑wild‑type 
(WT) and HPSE‑mutant (MUT)] were customized by Shanghai 
GenePharma, Co., Ltd. B‑CPAP or TPC‑1 cells were transfected 
with miR‑219a‑2‑3p mimic or miR‑NC, with WT or MUT 
luciferase reporter, using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). The sequence of miR‑219a‑2‑3p 
was 5'‑AGA AUU GUG GCU GGA CAU CUG U‑3' and the NC 
sequence was 5'‑ACG UCG UCA CCG GCU AGC AGC AC‑3'. 
Following incubation at 37˚C for 48 h, cells were harvested, 
and luciferase activities were detected using the Dual‑Lumi™ 
Luciferase Reporter Gene Assay kit (RG089S; Beyotime Institute 
of Biotechnology). Renilla luciferase activity was used as an 
internal control.

EdU incorporation assay. The kFlour555 Click‑iT EdU 
imaging kit (Nanjing KeyGen Biotech, Co., Ltd.) was used to 
assess cell proliferation. Staining was performed as follows: 
Cells were cultured with 20 µmol/l of diluted EdU at 37˚C 
for 2 h. Cells were fixed with 4% paraformaldehyde at room 
temperature for 10 min, and neutralized with a 2 mg/ml 
glycine solution. Cells were washed with PBS, permeated with 

0.5% Triton X‑100 and subsequently incubated with prepared 
Click‑iT reaction cocktail at room temperature for 30 min in 
the dark. DAPI was used to counterstain the nuclei at room 
temperature for 30 min, and stained cells were counted in 
five randomly selected fields using an inverted fluorescent 
microscopy (magnification, x200). Cell proliferative rates 
were represented as red/blue.

Statistical analysis. Statistical analysis was performed using 
SPSS 16.0 software (SPSS, Inc.). Data are representative of three 
independent experiments and presented as the mean ± stan‑
dard deviation. The χ2 test was used to assess the association 
between HPSE expression and the clinicopathological charac‑
teristics of patients with thyroid cancer. Paired‑samples t‑test 
was used to compare differences between cancer tissues and 
paracancerous tissues. Spearman's rank correlation coefficient 
was used to assess the correlation between HPSE mRNA and 
miR‑219a‑2‑3p expression levels in thyroid cancer tissues 
and cell lines. Unpaired t‑test was used to compare differ‑
ences between two groups, while one‑way ANOVA and LSD 
(3 groups) or Tukey's (>3 groups) post hoc tests were used to 
compare differences between multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

HPSE expression in thyroid cancer specimens via 
immunohistochemistry analysis. The thyroid follicular epithe‑
lial cells exhibited weak HPSE expression in the cytoplasm. 
HPSE immunostaining was also observed in the cytoplasm of 
thyroid cancer cells. Among the specimens, 60 (75.0%) were 
considered high expression (scores >2), while 20 were consid‑
ered low expression (scores ≤2). Given that HPSE expression 
was associated with tumor growth and metastasis, the asso‑
ciation between HPSE expression and the clinicopathological 
characteristics of patients with thyroid cancer was assessed. 
As presented in Table I, HPSE expression was significantly 
associated with tumor size (P=0.018), extracapsular invasion 
(P=0.006) and lymph node metastasis (P=0.014). However, no 
significant differences were observed between HPSE expres‑
sion and sex, age or differentiation (P>0.05). HPSE expression 
in normal thyroid follicular epithelium (Fig. 1A and B), 
paracancerous tissues (Fig. 1C) and thyroid cancer tissues 
(Fig. 1D‑I) is presented in Fig. 1. The corresponding H&E 
images of Fig. 1 are presented in Fig. S1.

miR‑219a‑2‑3p expression is negatively correlated with HPSE 
mRNA expression in thyroid cancer tissues and cell lines. HPSE 
was predicted as a target gene of miR‑219a‑2‑3p, thus, HPSE 
mRNA and miR‑219a‑2‑3p expression levels were detected in 
30 fresh thyroid cancer tissues and four thyroid cancer cell lines, 
and the paracancerous thyroid tissues and normal thyrocytes 
were used as the controls, respectively. The results demonstrated 
that HPSE mRNA expression was significantly higher (P<0.01; 
Fig. 2A), while miR‑219a‑2‑3p expression was significantly 
lower (P<0.01; Fig. 2B) in thyroid cancer tissues compared with 
paracancerous tissues. Furthermore, a negative correlation was 
observed between HPSE mRNA and miR‑219a‑2‑3p expression 
in thyroid cancer tissues (r, ‑0.407; P=0.026; Fig. 2C). Similar 
results were presented in thyroid cancer cell lines, whereby 



YANG et al:  miR‑219a‑2‑3p SUPPRESSES THYROID CANCER VIA HPSE4

HPSE expression was significantly higher (Fig. 2D, P<0.01), 
while miR‑219a‑2‑3p expression was significantly lower 
(Fig. 2E, P<0.01) in thyroid cancer cells compared with normal 
thyrocytes. In addition, a negative correlation was observed 
between HPSE mRNA and miR‑219a‑2‑3p expression in 
thyroid cancer cells (r, ‑0.720; P=0.008; Fig. 2F). B‑CPAP and 
TPC‑1 cells (lowest miR‑219a‑2‑3p expression) were selected 
for subsequent experimentation.

miR‑219a‑2‑3p modulates HPSE expression in B‑CPAP and 
TPC‑1 cells. Previous studies have reported the involvement 
of miR‑219a‑2‑3p in cancer development (10,11). Thus, it was 
speculated that miR‑219a‑2‑3p participates in the progression 
of thyroid cancer by targeting HPSE. The TargetScan database 
revealed that miR‑219a‑2‑3p shares complementary binding 
sequences with HPSE (Fig. 3A). The dual‑luciferase reporter 
assay was performed to verify the interaction between HPSE 
and miR‑219a‑2‑3p. miR‑219a‑2‑3p expression was confirmed 
to be upregulated in B‑CPAP and TPC‑1 cells following 
transfection with miR‑219a‑2‑3p mimic (Fig. 3B). The results 
demonstrated that miR‑219a‑2‑3p mimic notably decreased the 
luciferase activity of HPSE reporter compared with miR‑NC 
(Fig. 3C). However, no significant differences were observed 
in the luciferase activity of HPSE‑MUT reporter (Fig. 3C).

HPSE mediates miR‑219a‑2‑3p‑induced cyclin D1 inhibition, 
cell cycle arrest at G0/G1 and cell proliferation suppression. 
B‑CPAP and TPC‑1 cells were transiently transfected with 
miR‑NC and miR‑219a‑2‑3p mimic, and western blot analysis 

was performed to detect the protein expression levels of HPSE 
and cyclin D1. The results demonstrated that HPSE expression 
increased in both B‑CPAP and TPC‑1 cells following trans‑
fection with HPSE plasmids (Fig. 4A). Conversely, HPSE and 
cyclin D1 expression levels significantly decreased following 
transfection with miR‑219a‑2‑3p mimic compared with the 
miR‑NC groups, respectively. Notably, when HPSE expression 
exogenously increased in miR‑219a‑2‑3p mimic‑transfected 
cells, cyclin D1 expression increased accordingly (Fig. 4B). 
Taken together, these results suggest that miR‑219a‑2‑3p 
regulates cyclin D1 by targeting HPSE.

Cell cycle analysis demonstrated a higher number of B‑CPAP 
and TPC‑1 cells in the G0/G1 phase and less cells in the S phase 
following transfection with miR‑219a‑2‑3p mimic compared 
with the miR‑NC groups, respectively (Fig. 4C). However, 
when ectopic HPSE expression was induced in miR‑219a‑2‑3p 
mimic‑transfected cells, the percentage of cells decreased in 
the G0/G1 phase and increased in the S phase compared with 
the empty vector‑transfected cells (Fig. 4D). Collectively, these 
results suggest that miR‑219a‑2‑3p induces cell cycle arrest at 
the G0/G1 phase, which was also associated with HPSE.

The proliferative ability of B‑CPAP and TPC‑1 cells was 
assessed via the EdU incorporation assay. The results demon‑
strated that the percentage of EdU‑positive B‑CPAP cells was 
32.4±1.4 and 28.3±2.7% in the miR‑NC and miR‑219a‑2‑3p 
mimic groups, respectively (P=0.016; Fig. 4C). In the 
empty vector or HPSE transfected cells overexpressed with 
miR‑219a‑2‑3p, the percentage of EdU‑positive B‑CPAP cells 
was 23.3±2.0 and 37.2±2.3%, respectively (P<0.01; Fig. 4D). 

Table I. Association between heparanase expression and clinicopathological characteristics of patients with thyroid cancer via 
immunohistochemical staining (n=80).

Characteristic Number of patients Low expression (n=20) High expression (n=60) P‑value

Sex
  Male 21 7 14 0.304
  Female 59 13 46 
Age, years 
  <55 30 10 20 0.182
  ≥55 50 10 40 
Differentiation 
  Well 62 14 48 0.367
  Poor 18 6 12 
Tumor size, cm 
  ≤2 37 14 23 0.018a

  >2‑≤4 35 5 30 
  >4 8 1 7 
Extracapsular invasion
  Yes 33 3 30 0.006b

  No 47 17 30 
Lymph node metastasis
  Yes  43 6 37 0.014a

  No 37 14 23 

aP<0.05; bP<0.01.
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Similarly, the percentage of proliferative TPC‑1 cells was 
30.3±1.2 and 28.0±1.6% in the miR‑NC and miR‑219a‑2‑3p 
mimic groups, respectively (P=0.028; Fig. 4C). In the 
empty vector or HPSE transfected cells overexpressed with 
miR‑219a‑2‑3p, the percentage of proliferative TPC‑1 cells was 
22.5±2.4 and 33.5±2.5%, respectively (P<0.01; Fig. 4D). Taken 
together, these results suggest that miR‑219a‑2‑3p inhibits the 
proliferative ability of thyroid cancer cells via HPSE.

Discussion

HPSE expression is upregulated in different types of human 
cancer, which is associated with tumor metastasis and inva‑
sion (15,16). It has been reported that high HPSE expression 
is associated with poor prognosis and contributes to the 
lymphovascular invasion of breast cancer (17). In a systematic 
study, either HPSE expression in cancer and/or serum HPSE 
concentration were reported to act as potential biomarkers for 
the evaluation of surgery effects and prognosis prediction in 
patients with ovarian cancer (18). In the present study, HPSE 
expression was investigated in 80 FFPE thyroid cancer samples 
via immunohistochemical staining. The results demonstrated 
that HPSE expression was upregulated in thyroid cancer 
samples, and normal thyroid follicular epithelium exhibited 
negative or weak HPSE staining, supporting its potential 
role in thyroid tumorigenesis. Furthermore, the clinical 

significance of HPSE in thyroid cancer was assessed. It was 
hypothesized that thyroid cancer with high HPSE expression 
was more likely to exhibit tumor extension and lymph node 
metastasis. Given that HPSE is critical in tumorigenesis and 
progression of thyroid cancer (6), repressing HPSE expres‑
sion may be a promising option for inhibiting thyroid cancer. 
In other cancers, downregulation of HPSE represses glioma 
cell proliferation, and exogenous HPSE expression stimulates 
growth and activates ERK and AKT signaling (19). In addi‑
tion, miR‑429 decreases the invasive ability of gastric cancer 
cells by downregulating HPSE expression (20).

miRNAs are small non‑coding RNA molecules that func‑
tion in post‑transcriptional silencing of gene expression via 
base pairing with complementary sequences within the target 
mRNAs. Bioinformatic analysis via the TargetScan database 
revealed that HPSE is a regulatory target of miR‑219a‑2‑3p. 
Previous studies have reported that miR‑219a‑2‑3p is a tumor 
suppressor in pituitary adenoma (10), glioma (21) and gastric 
cancer (11). Mouse double minute 2 homolog (MDM2) is a 
putative target of miR‑219a‑2‑3p, based on bioinformatics anal‑
ysis in pituitary adenomas. miR‑219a‑2‑3p decreases MDM2 
expression by binding to its 3'‑UTR and promoting p53 expres‑
sion, which in turn suppresses cell proliferation (10). In glioma 
cell lines with WT isocitrate dehydrogenase (IDH)1/2, over‑
expression of miR‑219a‑2‑3p decreases cell proliferation and 
colony formation (21). The predicted targets of miR‑219a‑2‑3p 

Figure 1. HPSE expression in thyroid cancer samples via immunohistochemical staining. Nuclei were counterstained with hematoxylin. HPSE expression was 
negative or weak in (A) thyroid follicular epithelial cells, (B) normal thyroid tissues and (C) paracancerous tissues. Thyroid cancer tissues exhibited differential 
HPSE expression, including positive staining in (D) tumors >4 cm, (E) neoplastic samples with extracapsular invasion, (F) thyroid cancer tissues with lymph 
node metastasis, (G) tumors ≤2 cm, (H) neoplastic samples without extracapsular invasion, and (I) thyroid cancer samples without lymph node metastasis. 
Magnification, x400. HPSE, heparanase.
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have been demonstrated to participate in tumor progression by 
activating the Ras‑ERK and PI3K‑AKT pathways. In addition, 
miR‑219a‑2‑3p expression is downregulated in gastric cancer 
tissues and cells. FUS expression is negatively associated with 
miR‑219a‑2‑3p. In gastric cancer cells, miR‑219a‑2‑3p targets 
FUS, which facilitates cell proliferation (11).

In the present study, miR‑219a‑2‑3p expression was 
downregulated in thyroid cancer tissues and cells, which 
was negatively correlated with HPSE mRNA expression. 
Based on cell cycle analysis and EdU incorporation assay, 

miR‑219a‑2‑3p mimic significantly attenuated the prolif‑
erative ability of thyroid cancer cells, which further validates 
its tumor suppressive role in thyroid cancer. In addition, 
miR‑219a‑2‑3p decreased cyclin D1 expression and induced 
cell cycle arrest at the G0/G1 phase, the effects of which 
were reversed following exogenous HPSE expression. Taken 
together, these results suggest that miR‑219a‑2‑3p negatively 
regulates the proliferation of thyroid cancer cells via HPSE. 
The regulatory mechanism of miR‑219a‑2‑3p on HPSE was 
further confirmed as the 3'‑UTR luciferase activity of HPSE 

Figure 2. HPSE mRNA and miR‑219a‑2‑3p expression in 30 fresh thyroid cancer samples and corresponding paracancerous tissues, as well as in normal 
thyrocytes and 4 thyroid cancer cell lines. Statistical relationship between HPSE mRNA and miR‑219a‑2‑3p was also analyzed. (A) HPSE mRNA expres‑
sion was higher in thyroid cancer tissues compared with paracancerous tissues (n=30). (B) miR‑219a‑2‑3p expression was higher in paracancerous tissues 
compared with thyroid cancer tissues (n=30). (C) HPSE mRNA and miR‑219a‑2‑3p expression were negatively correlated in thyroid cancer tissues. (D) HPSE 
mRNA expression was higher in the thyroid cancer cell lines compared with normal thyrocytes. (E) miR‑219a‑2‑3p expression was lower in the thyroid 
cancer cell lines compared with normal thyrocytes. (F) HPSE mRNA and miR‑219a‑2‑3p expression were negatively correlated in thyroid cancer cell lines. 
**P<0.01 vs. Nthy‑ori 3‑1. HPSE, heparanase; miR, microRNA.

Figure 3. Potential interaction between HPSE and miR‑219a‑2‑3p. (A) Predicted binding sites between HPSE and miR‑219a‑2‑3p, as well as the MUT sites 
in HPSE‑MUT reporter. (B) miR‑219a‑2‑3p expression was upregulated in B‑CPAP and TPC‑1 cells following transfection with miR‑219a‑2‑3p mimic. 
(C) B‑CPAP and TPC‑1 cells were co‑transfected with miR‑219a‑2‑3p mimic or miR‑NC, with HPSE‑WT or HPSE‑MUT reporters, and luciferase activity 
was detected in each group. **P<0.01. HPSE, heparanase; miR, microRNA; MUT, mutant; NC, negative control; WT, wild‑type.
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Figure 4. HPSE and cyclin D1 expression, cell cycle and cell proliferation are regulated by miR‑219a‑2‑3p mimic via HPSE. (A) HPSE expression increased in 
B‑CPAP and TPC‑1 cells following transfection with HPSE plasmids. (B) miR‑219a‑2‑3p mimic suppressed HPSE and cyclin D1 expression. Notably, ectopic 
HPSE expression reversed the inhibitory effect of miR‑219a‑2‑3p mimic on cyclin D1 expression. (C) Cell cycle analysis indicated a higher number of B‑CPAP 
and TPC‑1 cells in the G0/G1 phase and less cells in the S phase following transfection with miR‑219a‑2‑3p mimic. Furthermore, the number of EdU‑positive 
B‑CPAP and TPC‑1 cells decreased following transfection with miR‑219a‑2‑3p mimic. (D) HPSE was exogenously expressed in miR‑219a‑2‑3p mimic‑trans‑
fected cells, which decreased the number of cells in the G0/G1 phase and increased the number of cells in the S phase compared with the empty vector group. 
In addition, the number of proliferative cells was increased in miR‑219a‑2‑3p mimic‑transfected cells with HPSE upregulation. Magnification, x200. Red 
staining, EdU; blue staining, DAPI. *P<0.05; **P<0.01. HPSE, heparanase; miR, microRNA; NC, negative control; Con, control; Vec, empty vector.
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significantly decreased in miR‑219a‑2‑3p mimic‑transfected 
cells, resulting in decreased HPSE protein expression.

In conclusion, the results of the present study suggest 
that HPSE is essential for the development of thyroid 
cancer, and is the downstream target gene of miR‑219a‑2‑3p. 
miR‑219a‑2‑3p decreased the proliferative ability of thyroid 
cancer cells and induced cell cycle arrest at the G0/G1 phase, 
likely by decreasing cyclin D1 expression, which was associ‑
ated with HPSE suppression. Furthermore, overexpression 
of miR‑219a‑2‑3p suppressed the proliferation of thyroid 
cancer cells by targeting HPSE and cyclin D1, thus, the 
miR‑219a‑2‑3p/HPSE/cyclin D1 axis may be a novel area 
in thyroid cancer research. Further studies are required to 
confirm the role of miR‑219a‑2‑3p/HPSE and its downstream 
pathway in thyroid cancer, in addition to cyclin D1 in the 
regulation of thyroid cancer progression, which may provide 
a potential therapeutic target to neutralize the effects of 
HPSE on thyroid cancer. In addition, this in vitro analysis on 
the regulation of miR‑219a‑2‑3p/HPSE on cell proliferation 
requires in vivo validation.
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