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Abstract. Agrin (AGRN) is a matricellular glycoprotein 
involved in extracellular signal transduction. AGRN is involved 
in tumorigenesis and cancer progression; however, the role of 
AGRN in thyroid cancer (TC) remains unclear. In the present 
study, using cell lines derived from various subtypes of TC 
including CGTH, FTC‑133 and BcPAP and transcriptomic 
data from patients with TC, the role of AGRN in TC was 
analyzed by migration, invasion, viability and proliferation 
assays as well as Western blot with EMT markers. AGRN 
expression was significantly increased in thyroid tumors and 
cell lines derived from various TC subtypes. The highest 
AGRN expression was found in follicular and papillary 
thyroid carcinoma subtypes. Immunocytochemistry revealed 
nuclear AGRN localization in normal (NTHY) and TC cells. 
Silencing of AGRN decreased viability, proliferation, migra‑
tion and invasion of TC cell lines by upregulating vimentin 
and downregulating N‑cadherin and E‑cadherin. Furthermore, 
the expression of AGRN was associated with neutrophil infil‑
tration in thyroid tumors. In conclusion, the present results 
indicated that increased AGRN expression promoted tumori‑
genic phenotypes of TC cells, while AGRN expression was 
associated with immune infiltration in thyroid tumors. AGRN 
may represent a target for future cancer therapy and requires 
further evaluation.

Introduction

Thyroid cancer (TC), although accounting for only 2% of 
all malignancies, is the most common type of endocrine 
cancer (1). The occurrence of TC is rising, mainly because 
of improved diagnosis due to widespread ultrasound exami‑
nation (2). It was estimated that TC would lead to >2,200 
deaths in the US in 2022 (3). TC affects mostly women, while 
in men, although less prevalent, it leads to a more aggressive 

disease and poor prognosis (1). According to the fifth World 
Health Organization classification system, histological types 
of TC include papillary TC (PTC), follicular TC (FTC), 
oncocytic carcinoma, poorly differentiated TC, anaplastic 
follicular cell‑derived TC (ATC) and medullary TC, as 
well as several other, less prominent subtypes including 
mucoepidermoid carcinoma, ectopic thymoma or spindle 
epithelial tumor with thymus‑like differentiation (4,5). PTC 
is the most common TC subtype, contributing to 80‑90% 
of all diagnosed thyroid malignancies (1,6). The incidence 
of PTC has increased rapidly, making it the fastest‑growing 
cancer in East Asia (prevalence of 76%) (1,7). A total of 
40‑80% of PTC cases bear the BRAF V600E mutation 
that contributes to increased cell proliferation (1,7,8). The 
prognosis for patients with TC depends on the subtype of 
cancer (9). PTC and FTC are usually associated with good 
prognosis (91.1 and 79.9% 5‑year survival, respectively), 
while ATC has an extremely poor outcome (7‑12.2% 5‑year 
survival) (10,11). PTC spreads mostly (99%) regionally to 
the neck, while distant metastases (lung and bones) affect 
only 1‑7% of patients  (12‑15). FTC is the second most 
frequently diagnosed type of TC, accounting for 10‑30% 
of cases  (16). Compared with PTC, FTC is character‑
ized by worse prognosis and more frequent metastasis to 
distant organs, affecting 6‑23% of patients (16‑18). ATC is 
an undifferentiated tumor, with disease‑specific mortality 
approaching 100%. The metastatic disease most commonly 
(≤90%) affects lungs and pleura, with less frequent involve‑
ment of bone (5‑15%) and brain (5% of patients with distant 
metastasis)  (3). ATC responds poorly to conventional 
therapy including surgery, radiation therapy, radioactive 
iodine therapy, chemotherapy and hormone therapy  (3). 
Palliative and supportive care should be introduced early in 
the disease (3).

Agrin (AGRN) is a matricellular glycoprotein involved in 
multiple physiological and pathological processes, including 
neuromuscular signaling (19‑21), cardiac regeneration (22) 
and autoimmunity (23,24). Several studies reported enhanced 
AGRN expression in cancers including glioblastoma  (25), 
non‑small cell lung cancer (NSCLC) (26), oral squamous cell 
carcinoma (27) as well as its involvement in tumor‑promoting 
signaling pathways (25‑28). AGRN stimulates tumorigenesis 
and metastasis via focal adhesion and mitogen‑activated 
protein kinase activation (26); to the best of our knowledge, 
however, the role of AGRN in the pathobiology of TC has 
not been analyzed and the present study aimed to explore the 
potential roles of AGRN in the functioning of TC cells.
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Materials and methods

Cell lines. Thyroid follicular epithelial cells (Nthy‑ori 3‑1; 
NTHY) and FTC cells (FTC‑133) were obtained from 
the European Collection of Authenticated Cell Cultures. 
Thyroid gland squamous cell carcinoma (CGTH‑W‑1), a cell 
line derived from SW‑579 (CGTH; cat. no. ACC 360) and 
TC cells (BcPAP) were obtained from the Leibniz Institute 
(DSMZ‑German Collection of Microorganisms and Cell 
Cultures GmbH). A cell line derived from anaplastic carcinoma 
(8505C) was generously provided by Dr Cuong Hoang‑Vu 
(Martin Luther University; Halle, Germany). All cell lines 
were authenticated by immunofluorescence with tetraspa‑
nins including CD9, CD63, CD81, CD82 and CD151  (29). 
Analyzed cell lines were cultured according to the supplier's 
protocols as follows: i) NTHY and CGTH cell lines cultured 
in complete RPMI‑1640 medium; ii) FTC‑133 and 8505C 
cell lines in DMEM/F12 and iii) BcPAP cell line in complete 
DMEM/GlutaMAX™ (all Thermo Fisher Scientific, Inc.). All 
analyzed cell lines were cultured in medium supplemented 
with 10% heat‑inactivated fetal bovine serum (FBS; Thermo 
Fisher Scientific, Inc.), at 37˚C in a humidified 5% CO2 atmo‑
sphere. The number of cells was estimated using Trypan Blue 
exclusion test with automatic counting on an EVA Automatic 
Cell counter (NanoEnTek, Inc.). All cell lines were tested for 
presence of mycoplasma.

Small interfering (si)RNA transfection. AGRN silencing 
was performed using the following siRNA to target AGRN 
(siAGRN): Sense, 5'‑CGU​AUG​ACA​GUG​AUU​GCU​GTT‑3'; 
antisense, 3'‑CAG​CAA​UCA​CUG​UCA​UAC​GTG‑5' (Thermo 
Fisher Scientific, Inc.). Briefly, following trypsinization, cells 
were diluted in RPMI‑1640 or DMEM/GlutaMAX™ (both 
Thermo Fisher Scientific, Inc.). The transfection mixture 
comprised 30 nM siRNA in OptiMem and Lipofectamine™ 
2000 (both Thermo Fisher Scientific, Inc.). The mixture 
was added to the cells for 10  min incubation at room 
temperature. The cells were seeded on a 6 (1.25x105/well)‑, 
12 (5x104/well)‑ or 96 (1,200 cells/well)‑well plate and incu‑
bated at 37˚C for 48 h prior to RNA isolation and 72 h for 
protein isolation. As a control, MISSION siRNA Universal 
Negative Control (siNEG; cat. no. SIC001; Sigma‑Aldrich; 
Merck KGaA) was used for transfection. The experiments 
were performed in triplicate.

Reverse transcritpion‑quantitative (RT‑q)PCR. Total RNA 
from TC cell lines was isolated using a Universal RNA 
Purification kit (EURx, Ltd.), according to the manu‑
facturer's protocol. Both concentration and purity were 
evaluated by measuring absorbance at  260  and  280  nm 
with a Synergy 2 Multi‑Mode Reader (BioTek Instruments, 
Inc.). PrimeScript™ RT reagent kit (Takara Bio, Inc.) 
with oligo dT primers and random hexamers were used 
to transcribe 200 ng RNA into cDNA. RT was performed 
on a T100™ Thermal Cycler (Bio‑Rad Laboratories, Inc.), 
according to the manufacturer's protocol. Subsequently, 
gene expression was analyzed by RT‑qPCR using Maxima 
SYBR Green/Fluorescein qPCR Master Mix (Thermo 
Fisher Scientific, Inc.), 5  nM specific oligonucleotide 
primers (Genomed, Ltd.) and 5‑fold diluted cDNA samples. 

Amplification and data analysis were performed using 
CFX96 Detection System (Bio‑Rad Laboratories, Inc.) 
under the following thermocycling conditions: Initial dena‑
turation at 95˚C for 30 sec; 95˚C for 5 sec (40 cycles); 58˚C 
for 15 sec and 72˚C for 10 sec. The expression of AGRN was 
normalized to that of β‑actin and 18S and quantified using 
the 2‑ΔΔCq method (30). Primer sequences were as follows: 
18S forward, 5' CCA​GTA​AGT​GCG​GGT​CAT​AAG 3' and 
reverse, 5' CCA​TCC​AAT​CGG​TAG​TAG​CG 3'; β‑actin 
forward, 5' GCC​GAG​GAC​TTT​GAT​TGC 3' and reverse, 
5' CTG​TGT​GGA​CTT​GGG​AGA​G 3' and AGRN forward, 
5'ACA​CCG​TCC​TCA​ACC​TGA​AG 3' and reverse, 5' CCA​
GGT​TGT​AGC​TCA​GTT​GC‑3' (31).

Western blotting. Total protein was extracted using RIPA cell 
lysis buffer (Pierce RIPA Buffer; Thermo Fisher Scientific, 
Inc.) that contained phosphatase and protease inhibitors. 
Following 30  min incubation on ice and centrifugation 
at 12,092 x g at 4˚C for 10 min, supernatant was boiled in 
5X SDS loading buffer for 5 min. Pierce BCA Protein Assay 
kit (Thermo Fisher Scientific, Inc.) was used to quantify 
the protein concentration. Subsequently, 30 µg protein/lane 
was separated by SDS‑PAGE on a 10 or 8% gel and trans‑
ferred onto a PVDF membrane. The membrane was blocked 
with 5% non‑fat milk in TBST (TBS with 0.1% Tween) 
overnight at  4˚C and incubated with monoclonal mouse 
anti‑human AGRN antibody (1:100; cat.  no.  sc‑374117; 
Santa Cruz Biotechnology, Inc.) at room temperature for 
1 h. Rabbit polyclonal vimentin (1:500; cat. no.  sc‑7558, 
Santa Cruz Biotechnology, Inc.) and N‑cadherin (1:3,000; 
cat. no. GTX127345; GeneTex, Inc.) and mouse monoclonal 
E‑cadherin (1:3,000; cat. no. GTX629691, GeneTex, Inc.) 
antibodies were incubated overnight at 4˚C after blocking 
membranes in 5% non‑fat milk in TBST for 1 h at room 
temperature. After washing in TBST, the membranes 
were incubated with HRP‑conjugated mouse (1:10,000; 
cat. no. 115‑035‑146; Jackson ImmunoResearch Laboratoies, 
Inc.) or rabbit antibody (1:10,000; cat. no. P0448; Dako; 
Agilent Technologies, Inc.) at room temperature for 1 h. 
The expression of proteins was normalized to β‑actin 
(1:10,000; cat. no. ab6276; Abcam) and GAPDH (1:5,000; 
cat. no. MAB374; Merck KGaA.). Immunoreactive bands 
were detected using the Super‑Signal™ West Dura Extended 
Duration Substrate kit (Thermo Fisher Scientific, Inc.) on 
Carestream membranes. Quantification of scanned images 
was performed with ImageJ version 1.53k software (National 
Institute of Health).

Immunofluorescence. The cells were fixed on 24x24 mm glass 
slides with methanol for 10 min at ‑20˚C. Following washing 
and blocking with 2% BSA (cat. no. A9418; Sigma‑Aldrich; 
Merk KGaA), in TBS + 0.1% Tween‑20 at room temperature 
for 1 h, the cells were incubated with monoclonal mouse 
anti‑human AGRN antibody (1:150; cat. no. sc‑374117; Santa 
Cruz Biotechnology, Inc.) at  4˚C overnight. Nuclei were 
stained with DAPI (1:50,000) and F‑actin was stained with 
phalloidin‑FITC (1:500; Sigma‑Aldrich; Merk KGaA) for 
30 min at room temperature. The images were obtained using 
a scanning confocal microscope LSM 800 AxioObserver Z.1 
using ZEN 2.6 software (both Zeiss AG).
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Viability assay. Cell viability was analyzed using CellTiter 
96 Aqueous One Solution Cell Proliferation Assay (Promega 
Corporation). MTS reagent was added to cells seeded in a 
96‑well plate at ~1,200 cells/well and incubated at 37˚C for 
1 h. The quantity of formazan was assessed by measuring 
absorbance at 490 nm on an L Synergy 2 Multi‑Mode Reader 
(BioTek Instruments, Inc.).

Proliferation assay. Cell proliferation was analyzed using 
a bromodeoxyuridine (BrdU; colorimetric) assay kit 
(cat. no. 11647229001, Roche Diagnostics GmbH), according to 
the manufacturer's instructions. Briefly, cells (1,200 cells/well) 
were labeled at 37˚C with BrdU reagent for 2 h, then dried 
at 65˚C for 1 h and stored for 2 days in the fridge. Subsequently, 
cells were incubated for 30 min with fixing solution (70% 
ethanol) at room temperature followed by a mouse anti‑BrdU 
antibody (1:100; cat. no. 11647229001; Roche Diagnostics 
GmbH) incubation for 1.5 h at room temperature. Following 
brief washing, cells were stained at room temperature with 
peroxidase substrate (100 µl/well) for 30 min. The absorbance 
was measured according to the manufacturer's instructions 
at 450 and 550 nm on the Synergy 2 Multi‑Mode Reader 
(BioTek Instruments, Inc.).

Modified Boyden chamber assay. NTHY or BcPAP cells 
(2x104  cells/well) were suspended in RPMI‑1640 medium 
or DMEM/GlutaMAX (both from Thermo Fisher Scientific, 
Inc.), respectively, without 5% FBS and plated into the upper 
chambers of a Transwell with a membrane with 8‑µm pores 
(cat. no. 353097; Falcon; Corning Life Sciences) for migration 
or Transwell with a membrane with 8‑µm pores coated with 
Matrigel (cat. no. 354480; Corning Life Sciences) for invasion 
assay. RPMI‑1640 or DMEM/GlutaMAX with 5% FBS was 
added to the lower chamber. Following incubation for 24 h 
at 37˚C, cells in the upper surface of the chamber were wiped 
using a cotton swab. The membranes were stained at room 
temperature with Diff‑Quick reagent (Medion Diagnostics, 
Ltd.) for 2 min for invasion assay and 30 sec for the migra‑
tion assay. Cells were counted manually and photographed at 
x200 magnification using a light microscope Olympus BX41 
(Olympus Corporation).

Bioinformatics analysis. AGRN expression was evaluated 
using The Cancer Genome Atlas (TCGA) transcriptomic 
data of TC cohort (THCA; n=505) and normal tissue controls 
(n=59) provided by The University of Alabama at Birmingham 
Cancer Data Analysis Portal (UALCAN; ualcan.path.uab.
edu/analysis.html) (32‑34). The association between AGRN 
expression and the survival of patients with TC was analyzed 
using the THCA cohort (n=412) provided by UALCAN. 
Immune infiltration was evaluated using TIMER 2.0 (timer.
cistrome.org/) and TCGA data of the THCA cohort (35‑37).

Statistical analysis. Statistical analysis was performed 
using unpaired t test or one‑way ANOVA followed by 
Dunnett's post hoc test (GraphPad Prism 6.00 for Windows; 
GraphPad Software, Inc.; Dotmatics). Data are presented as 
the mean ± SD from at least three independent experiments. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

AGRN is overexpressed in TC. Analysis of TCGA data 
revealed AGRN upregulation in TC samples (n=505) compared 
with that in the adjacent normal thyroid tissues (n=59; Fig. 1A; 
P<0.0001). AGRN upregulation was observed in classical 
(n=358) and tall PTC (n=36). In FTC (n=102), AGRN expres‑
sion was lower than in PTC (Fig. 1B; P<0.0001 vs. Classical 
and Tall PTC and FTC). Patients of African‑American descent 
with higher AGRN expression had lower long‑term survival 
rates (Fig. 1C; P=0.051). Consistent with clinical samples, 
RT‑qPCR (Fig. 1D; P<0.0001), immunoblots (Fig. 1E) and 
immunofluorescence (Fig. 1F) confirmed high AGRN levels 
in the BcPAP TC cell line. At the protein level, AGRN was 
increased in the cells of FTC (FTC‑133). In the CGTH cell 
line, AGRN expression was lower compared with that in the 
NTHY cell line (Fig. 1E and F). The nuclear localization of 
AGRN was confirmed by immunofluorescence assay (Fig. 1F).

AGRN contributes to tumorigenesis of TC. To analyze the 
impact of AGRN on TC cells, AGRN expression was silenced 
in normal thyroid cells and BcPAP cell line in which AGRN 
was most highly expressed. Knockdown of AGRN expression 
was confirmed by RT‑qPCR (Fig. 2A; P<0.0016 and P<0.0006) 
and immunoblotting (Fig. 2B). Suppression of AGRN expres‑
sion attenuated migration, invasion, viability and proliferation 
of BcPAP cells (Fig. 2C, D, F and G). By contrast, in NTHY 
cells only migration and proliferation were significantly 
decreased following AGRN silencing (Fig. 2C and G). To 
investigate the involvement of AGRN in cell migration and 
invasion, expression of epithelial‑mesenchymal transition 
markers, including vimentin, N‑cadherin and E‑cadherin, were 
analyzed. Increased protein levels of vimentin (mesenchymal 
cell marker) and decreased levels of E‑cadherin (epithelial cell 
marker) in siAGRN‑transfected BcPAP cells were observed 
(Fig. 2; P<0.005 and P<0.05, respectively). N‑cadherin levels 
(mesenchymal cell marker) decreased in siAGRN‑transfected 
NTHY cell line (Fig. 2E; P<0.025). These results suggested 
that AGRN served an important role in TC tumorigenesis by 
stimulating key cellular processes that contribute to cancer 
progression.

AGRN expression is associates with neutrophil infiltration 
in thyroid tumors. The present study analyzed the associa‑
tion between AGRN expression and the presence of immune 
infiltrates in thyroid tumors (Table SI). Analysis revealed 
variable weak‑to‑moderate correlations between the expres‑
sion of agrin and various immune cell types, including T cells, 
plasma or macrophages. AGRN expression was significantly 
correlated with the infiltration of neutrophils (ρ=0.566 and 
P=1.02x10‑42; Fig. 3).

Discussion

The present study showed that AGRN was overexpressed in 
TC and promoted viability, proliferation, migration and inva‑
sion of TC cells. For functional analysis of AGRN involvement 
in TC, BcPAP cell line was selected, which is characterized 
by a mutation in the BRAF gene (V600E) that occurs in the 
majority of cases of PTC (up to 80%) (1). Moreover, AGRN 
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Figure 1. AGRN is overexpressed in TC. (A) AGRN expression in TC (n=505) vs. normal thyroid tissue (n=59). (B) AGRN expression in THCA subtypes. The 
plot shows analysis of the TCGA THCA cohort data performed using UALCAN. **P<0.005, ****P<0.0001 vs. normal. (C) Expression of AGRN is associated 
with survival of patients with TC. The analysis was performed using UALCAN. (D) Reverse transcription‑quantitative PCR analysis of AGRN mRNA expres‑
sion in cell lines derived from NTHY and TC (CGTH, FTC‑133 and BcPAP). Expression was analyzed in RNA isolated from one cell culture plate/cell line and 
three technical replicates ****P<0.0001. (E) Western blotting of AGRN protein expression in cell line derived from NTHY and TC (CGTH, FTC‑133, BcPAP). 
Western blotting was performed on three biological replicates using monoclonal mouse anti‑human AGRN antibody. The plot shows changes in AGRN protein 
expression normalized to β‑actin. (F) Representative images of AGRN immunostaining in cell lines derived from TC (AGRN, red; phalloidin‑FITC, green 
and DAPI, blue). Scale bar, 20 µm. TC, thyroid cancer; TCGA, The Cancer Genome Atlas; AGRN, agrin; THCA, thyroid carcinoma; UALCAN, University of 
Alabama at Birmingham Cancer Data Analysis Portal; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma.
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Figure 2. AGRN silencing suppresses migration, invasion, viability and proliferation of TC cells. (A) mRNA and (B) protein expression of AGRN in NTHY 
and BcPAP cells transfected with siAGRN or NEG were determined using reverse transcription‑quantitative PCR and western blotting, respectively. *P<0.05, 
**P<0.0016 and ***P<0.0006. The plot shows changes in protein expression that were normalized to β‑actin. The effects of siAGRN on (C) migration and 
(D) invasion of NTHY and BcPAP cells. The plots show modified Boyden chamber migration and invasion assays performed in three independent biological 
experiments. Magnification, x200. (E) Effects of siAGRN transfection on vimentin, N‑cadherin and E‑cadherin protein levels in NTHY and BcPAP cells. 
*P<0.05 and **P<0.005. Representative western blotting of protein expression normalized GAPDH. (F) Effects of siAGRN transfection on the viability of 
NTHY and BcPAP cells. The plots show the results of the MTS assay performed in three independent biological experiments. *P<0.05. (G) Effects of siAGRN 
on the proliferation of NTHY and BcPAP cells. The plots show BrdU assay performed in three independent biological experiments. ***P<0.0002 and *P<0.01. 
TC, thyroid cancer; siRNA, small interfering RNA; NEG, negative control; AGRN, agrin.
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expression was associated with neutrophil infiltration in thyroid 
tumors.

The results of the present study are consistent with the 
established AGRN roles in other types of cancer  (25‑28). 
AGRN is a proteoglycan component of the extracellular 
matrix (ECM) that serves as a ligand for the co‑receptors 
lipoprotein‑related receptor 4 (Lrp4) and muscle‑specific 
kinase (MuSK) (38). The tumor‑promoting effects of AGRN 
are primarily mediated by the activation of the integrin/focal 
adhesion/Lrp4/MuSK receptor pathway (39) In liver and breast 
cancer, AGRN triggers this pathway to activate transcriptional 
coactivator Yes‑associated protein, thereby contributing to 
tumorigenesis  (38,39). In hepatocellular carcinoma (HCC), 
AGRN promotes proliferation, migration and invadopodia 
formation by stimulating epithelial‑mesenchymal transition 
via Lrp4/MuSK/focal adhesion kinase (FAK) signaling (39). 
Furthermore, AGRN activates Lrp4/MuSK/FAK signaling 
to promote the VEGFR2 pathway to recruit endothelial cells 
and facilitate adhesion to cancer cells to promote liver tumor 
angiogenesis (40). Other AGRN‑stimulated signaling pathways 
include PI3K/AKT‑mediated stimulation of IL‑6 secretion 
to promote growth and immune infiltration of non‑small cell 
lung cancer (26) and Wnt‑dependent promotion of proliferation, 
migration and invasion of rectal cancer (41). AGRN promotes 
cancer progression and in vivo tumor formation in cholangio‑
carcinoma (42), pancreatic ductal adenocarcinoma (28) and oral 
squamous cell carcinoma (27,43). Finally, in HCC, AGRN deple‑
tion decreases expression of mesenchymal markers including 
N‑cadherin, vimentin and snail and increases the expression of 
epithelial marker E‑cadherin (39). To the best of our knowledge, 
the role of AGRN in non‑cancerous thyroid tissue has not been 
studied. Studies have showed that AGRN is highly expressed in 
normal thyroid tissue (44,45); however, its role is unknown. It is 

hypothesized that AGRN serves a role in normal thyroid tissue 
by interacting with dystroglycan (DC), a thyroid‑stimulating 
hormone‑regulated transmembrane glycoprotein, providing 
interactions with the ECM (45). Furthermore, endodermal cells 
expressing thyroid transcription factor 1, competent to form 
thyroid epithelial lineages, are enriched in AGRN interactions 
at neuromuscular junction pathways, suggesting a potential role 
in thyroid development (46). Furthermore, it is hypothesized 
that the thyroid hormone controls the expression of highly 
glycosylated proteoglycans, including the family of heparan 
sulfate, which AGRN belongs to (47). Heparan sulfate proteo‑
glycans (HSPG) participate in Indian hedgehog and fibroblast 
growth factor signaling by regulating degradation, sequestration 
and diffusion of growth factors and morphogens (47). HSPG 
role is essential for bone development when thyroid hormones 
coordinate the progression of endochondral ossification (48). 
Basset et al (47) showed that HSPG expression is upregulated in 
hypothyroidism. Therefore, homeostasis of thyroid hormone is 
key to maintain the proper expression of HSPGs such as AGRN.

Previous studies have reported involvement of AGRN in 
immune regulation or autoimmunity (23,24). AGRN autoanti‑
bodies are detected in patients with myasthenia gravis (23). In 
T cells, T cell receptor activation triggers expression of AGRN, 
which acts as a receptor activator and leads to intracellular 
signaling, resulting in actin polymerization and changes in T cell 
responsiveness (24). This mechanism is pronounced in patients 
with lupus in whom AGRN is overexpressed in T lympho‑
cytes (24). In non‑small cell lung cancer, AGRN expression is 
correlated with regulatory T cell (Treg) infiltration (26). AGRN 
is required for proper maturation and viability of monocytes and 
macrophages, with α‑DC acting as a receptor (49). When acti‑
vated by AGRN, α‑DC triggers intracellular signaling involving 
Erk1/2 kinase, which results in changes in actin polymerization, 
contributing to proper conduction of phagocytosis (49). TCs are 
infiltrated by at least 22 types of immune cells that contribute to 
tumor progression (50). The aforementioned study showed that 
a high stroma score, low CD8+ T cell infiltration and increased 
presence of static memory CD4+ T cells, as well as active 
dendritic cells, are associated with poor prognosis for patients 
with TC (50). The presence of tumor‑associated macrophages 
is associated with lymph node metastasis and larger tumor 
size, as well as poor survival of patients with TC (51,52). PTC 
progression is associated with higher tumor infiltration by Tregs 
and decreased presence of NK cells (53). The present study 
found that AGRN expression was correlated with neutrophil 
infiltration in thyroid tumors but not other types of immune 
cell. Several studies described the presence of a correlation 
between tumor‑associated neutrophils (TANs) in cancer and 
clinical outcomes of patients (54‑56). In some studies, TANs are 
shown to be involved in the promotion of cancer cell prolifera‑
tion, invasive behavior or angiogenesis (57,58). Furthermore, in 
TC, neutrophils serve tumor‑promoting roles by modulating 
immune and inflammatory responses (59‑61). For example, 
the conditioned media derived from TC induces neutrophil 
chemotaxis by releasing CXCL8 and IL‑8, which are ligands of 
neutrophil receptors, such as C‑X‑C Motif Chemokine Receptor 
(CXCR) 1 and CXCR2, and induces the production of reactive 
oxygen species, the release of MMP‑9 and the expression of 
proinflammatory and angiogenic factors (62). Therefore, TC 
cells release soluble factors that induce neutrophil chemotaxis 

Figure 3. Expression of AGRN is associated with neutrophil infiltration 
in THCA. (A) Analysis performed using Timer. (B) Lack of a correlation 
between the expression of AGRN and T cells or inflammatory cells in THCA 
(n=509). AGRN, agrin; THCA, thyroid carcinoma; TPM, transcripts per 
million.
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and survival (62). These correlations suggest that AGRN may be 
involved in the regulation of the immune environment of thyroid 
tumors by inducing neutrophil recruitment. This hypothesis 
and the mechanisms by which AGRN contribute to immune 
infiltration require experimental verification. AGRN localizes 
to the nuclei of thyroid cells, suggesting that its role in TC may 
not rely on extracellular‑mediated signaling (63). Furthermore, 
AGRN nuclear localization in lung cancer with high nuclear 
AGRN localization is associated not only with the clinical 
stage and poor differentiation of lung adenocarcinoma, but also 
with lymph node metastases (63). These data suggest possible 
mechanisms of actions of AGRN in the nuclei which should be 
evaluated in future studies.

The present study did not identify the mechanism of action 
used by AGRN to modulate cancer progression and the immune 
environment. However, the present study showed that AGRN 
was overexpressed in thyroid tumors and contributed to the 
proliferation, viability, migration and invasion of TC cells. 
Moreover, AGRN silencing upregulated epithelial‑mesen‑
chymal transition marker and downregulated N‑cadherin and 
E‑cadherin. The association of AGRN expression with presence 
of neutrophil infiltration in thyroid tumors suggested that AGRN 
may contribute to the cancer immune environment.
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