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Abstract

Myeloid-related protein 14 (MRP14) is responsible for inflammatory reactions. However, 

the correlation between MRP14 and Hashimoto’s thyroiditis (HT) is still not clear. In this 

study, we examined the status of MRP14 in thyroid tissues and sera of HT patients and 

explored the mechanism of IL-1β-mediated regulation of MRP14 expression, as well as 

the effects of MRP14 on pro-inflammatory chemokine secretion in thyroid follicular 

cells (TFCs), to elucidate the role of MRP14 in HT development. Our results showed 

dramatically increased MRP14 expression in thyroid tissues and sera from HT patients. 

In addition, IL-1β significantly promoted the expression of MRP14 in TFCs, which was 

mediated by activation of the MAPK/NF-κB signalling pathway. More importantly, 

IL-1β induced the secretion of the chemokines GRO-2, CXCL9 and CCL22, which was 

dependent on the regulation of MRP14 in TFCs. Therefore, these findings suggested that 

under pro-inflammatory conditions, TFCs secreted chemokines with the help of MRP14 

regulation, which might suggest a potential pathological mechanism of lymphocyte 

infiltration into the thyroid gland in HT.

Introduction

Myeloid-related protein 8 (MRP8) and myeloid-related 
protein 14 (MRP14) are also known as S100A8 and 
S100A9, which are two members of the S100 protein 
family that are expressed in the cytosol of monocytes 
and granulocytes (1, 2). A previous study suggested that 
MRP8 and MRP14 associate with each other to form a 
heterodimer, which exhibits inflammation modulatory 
properties (3). MRP14, one subunit of the heterodimer 
MRP8/MRP14, is locally secreted at high concentrations 
from immigrated and activated phagocytes at local sites 
of inflammation. In chronic bronchitis, cystic fibrosis, 
systemic lupus erythematosus and rheumatoid arthritis, 

plasma MRP8/MRP14 levels are elevated and can be used 
as a biomarker (4, 5, 6). However, the role of the MRP14 
homodimer is not clear in Hashimoto’s thyroiditis (HT).

HT is characterised by infiltration of thyroid-
specific T lymphocytes and other immune cells, thyroid 
enlargement and fibrosis and progressive destruction of 
thyrocytes, eventually resulting in hypothyroidism (7). 
Although recent studies show that an increase in the 
incidence of HT involves many factors, including genetic 
susceptibility, inflammation, smoking, excess iodine intake 
and infection (8, 9, 10, 11, 12, 13), the pathogenesis of HT 
remains unclear. During HT pathogenesis, the cytokine 
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IL-1 has been reported to stimulate thyroid follicular cell 
(TFC) proliferation and produce other pro-inflammatory 
cytokines, such as IL-6 and IL-8, which in turn mediate 
TFC destruction (14, 15, 16, 17).

In recent years, numerous studies, both experimental 
and clinical, demonstrated that pro-inflammatory 
chemokines, such as MIP-1, CCL2, CCL5, CXCL9, 
CXCL10 and CCL17, critically regulate the initiation 
and maintenance of the inflammatory process, which 
ultimately leads to autoimmune thyroid diseases such 
as HT and Graves’ disease (18, 19, 20, 21, 22, 23). In the 
present study, for the first time, we demonstrated the 
potential role of MRP14 in HT pathogenesis; MRP14 
mediated TFC-derived chemokine secretion through the 
IL-1β/MAPK pathway.

Materials and methods

Cell culture and samples

The human thyroid follicular cell line Nthy-ori 3-1 from 
the European Collection of Animal Cell Cultures was 
cultivated in RPMI-1640 (Gibco) supplemented with 10% 
foetal bovine serum and 2 mM L-glutamine (Biological 
Industries, Kibbutz Beit Haemek, Israel). Thyroid glands 
were obtained from 6 patients with HT who underwent 
thyroidectomy. HT diagnosis was made based on 
clinical evaluations and Japanese guidelines as described 
previously (24, 25). Thyroid tissues from 5 patients with 
a simple goitre were used as controls based on clinical 
evaluations and laboratory findings. All samples were 
obtained in accordance with the regulations and approval 
of the Institutional Review Board of the Affiliated Hospital 
of Jiangsu University. For all cases, written informed 
consent forms were obtained from the patients. This 
study was approved by the Ethics Committee of the 
Affiliated Hospital of Jiangsu University and conducted 
in accordance with the guidelines of the Declaration of 
Helsinki.

Immunohistochemistry (IHC)

Thyroid samples were fixed in 10% neutralised formalin, 
embedded in paraffin, cut into 4 μm sections and mounted 
on slides. After deparaffinisation and rehydration, antigen 
retrieval was performed by boiling samples in 10 mmol/L 
citrate buffer (pH 6.0) for 10 min and then washing the 
slides with phosphate-buffered saline (PBS). Sections were 
blocked with 2% bovine serum albumin in PBS for 30 min 

and then incubated with mouse anti-human MRP14 (Santa 
Cruz) and IL-1β (Santa Cruz) antibodies overnight at 4°C. 
After three washes with PBS, the sections were treated with 
the corresponding streptavidin peroxidase-conjugated 
secondary antibody (Maixin Biotechnology Co., Ltd., 
Fuzhou, China). Tissue sections were then counterstained 
with 3,3′-diaminobenzidine and haematoxylin and 
observed under an optical microscope.

Immunoblots

Total protein was extracted from cell lines using RIPA 
(50 mM Tris–HCL, pH 7.4, 150 mM NaCL, 1% NP-40, 0.5% 
Na-deoxycholate, 1 mM EDTA). Protein concentration 
was determined using a Bradford protein concentration 
kit (Sigma). First, the protein extracts were subjected to 
electrophoresis on 10% acrylamide gels by SDS-PAGE 
and then transferred onto a polyvinylidene difluoride 
membrane (Merck Millipore). After blocking for 1 h in 5% 
skim milk powder, the membranes were incubated with 
specific primary antibodies, followed by HRP-conjugated 
secondary antibodies. The signals were detected using 
Pierce ECL-plus substrate (Thermo Fisher Scientific) and 
scanned with the ChemiScope series (Clinx, Shanghai, 
China). Images were analysed using AlphaView software 
(AIC, Santa Clara, CA, USA), and the results of quantitative 
analyses are presented graphically.

Serum MRP14 detection

The sera of HT patients (n = 20) and healthy controls 
(n = 20) were collected from the Affiliated Hospital of 
Jiangsu University. Serum samples were diluted 100-fold 
due to high endogenous concentrations, and then, the 
serum protein was concentrated by using the methanol-
chloroform precipitation method. Briefly, we added 
600 μL of methanol followed by 150 μL of chloroform to 
the 600 μL diluted serum samples and mixed thoroughly 
by vortexing. We centrifuged the samples at 13,000 rpm 
for 10 min and carefully aspirated the upper methanol 
layer without disturbing the protein boundary layer. The 
samples were then combined with 450 μL of methanol 
and mixed well by vortexing. We recentrifuged the 
sample at 13,000 rpm for 10 min. Then, the supernatant 
methanol was removed completely, and the sample was 
air dried for approximately 5 min and mixed with 20 µL 
1× protein loading buffer (with 10% fresh 1 M DTT). 
After the samples were boiled at 95°C for 5 min, they 
were cooled on ice. The protein was then prepared for 
immunoblot analysis.
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Immunofluorescence staining

Cells were grown on poly-D-lysine-coated coverslips 
in RPMI 1640 medium containing 10% FBS. Before 
treatment, Nthy-ori 3-1 cells were starved overnight and 
then treated with IL-1β 20 ng/mL (Peprotech, Rocky Hill, 
NJ, USA) at the indicated time points. After stimulation, 
the cells were fixed for 15 min with 4% paraformaldehyde 
and permeabilised for 5 min with PBS containing 
0.1% Triton X-100, and nonspecific binding sites were 
blocked by incubation with PBS containing 3% BSA. For 
immunofluorescence staining, cells were incubated with 
a mouse monoclonal antibody against MRP14 (1:50) 
(Santa Cruz), and FITC-conjugated anti-mouse IgG (1:400, 
Beyotime, Shanghai, China) was used as the secondary 
antibody. Images were then recorded by fluorescence 
microscopy (Olympus).

Quantitative real-time PCR (qPCR)

Total RNA was extracted from the thyroid follicular cell line 
Nthy-ori 3-1 using TRIzol reagent (Takara) following the 
manufacturer’s instructions. One microgram of RNA was 
reverse transcribed by a Prime-Script RT reagent Kit (Takara) 
in a final volume of 20 μL. The mRNA levels were quantified 
by using SYBR Premix Ex Taq (Takara) with specific primers 
as follows: GAPDH, forward 5′-aggtgaaggtcggagtcaac-3′, 
reverse 5′-gggtggaatcatattggaaca-3′; MRP14, forward  
5′-cagctggaacgcaacataga-3′, reverse 5′-ccacagccaagacag 
tttga-3′; GRO-2, forward 5′-ctgcgcccaaaccgaagtcata-3′, 
reverse 5′-ttcaggaacagccaccaataagc-3′; CXCL8, forward  
5′-ctgagagtgattgagagtgg-3′, reverse 5′-acaaccctctgcacccag 
tt-3′; CXCL9, forward 5′-ccaccgagatccttatcgaa-3′, reverse  
5′-ctaaccg acttggctgcttc-3′; CXCL10, forward 5′-ccacgtgtt 
gagatcattgc-3′, reverse 5′-cctctgtgtggtccatcctt-3′; CXCL 16,  
forward 5′-gggggcagtcaccgcagtcct-3′, reverse 5′-aatagcc 
gggtgtggtggtgagca-3′; CCL22, forward 5′-tgggaggtagttcttc 
ttttga-3′, reverse 5′-ccaagcaaggaggacga-3′.

siRNA preparation and transfection

Small interfering RNA molecules targeting MRP14 were 
synthesised using the GenePharma siRNA Construction Kit. 
The primers used were as follows: siRNA-hum-MRP14-100, 
sense template 5′-ccaccaaauacucugugaagtt-3′, antisense 
template 5′-cuucacagaguauugguggtt-3′; siRNA-hum-
MRP14-267, sense template 5′-gcuucgaggaguucaucautt-3′, 
antisense template 5′-augaugaacuccucgaagctt-3′. Nthy-ori 
3-1 cells were plated in six-well plates at 4 × 105 cells/well,  
grown for 12 h and then transfected with siRNA at a 

concentration of 100 nM using lipofectamine (Invitrogen 
Life Technologies, Inc.) and opti-MEM (Gibco) according 
to the manufacturer’s protocol. MRP14 mRNA expression 
was examined 48 h after transfection by qPCR.

Construction of the MRP14 expression plasmid

The eukaryotic expression plasmids pcDNA3.1 MRP14 
and pcDNA3.1 no-load carrier were provided by the 
GenePharma Company. The plasmid was inserted into 
competent bacteria with a disinfected and sterilised 
inoculating loop to obtain plasmid-carrying Escherichia 
coli, which was then inoculated in the pre-prepared Luria-
Bertani (LB) solid medium (ampicillin) and incubated 
overnight at room temperature. Then, a single colony 
was selected and inoculated into the pre-prepared LB 
fluid medium (200 mL) and incubated on a shaking table 
(250 rpm) overnight (12–18 h) at 37°C. Afterwards, the 
medium was observed to be turbid, and some medium was 
stored in 25% glycerol at −20°C, and the rest was used for 
plasmid DNA purification. Plasmid DNA was extracted as 
per the instructions of the TianGen Plasmid Kit (TianGen 
Company).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 
6 software (GraphPad Software, Inc.). The descriptive 
data are expressed as the mean ± s.e.m. (standard error of 
the mean), and numerical data between two groups were 
compared using a two-tailed unpaired t-tests. Differences 
in the mean values of various groups were analysed by 
using one-way ANOVA with Mann–Whitney U tests. 
P < 0.05 was considered statistically significant.

Results

MRP14 is highly expressed in HT tissues and serum 
of HT patients

Previous studies have shown an increase of serum 
MRP14 level in multiple autoimmune diseases (6, 26, 
27). In the present study, the MRP14 level in thyroid 
tissues of HT patients was evaluated. As expected, 
immunohistochemistry (IHC) analysis indicated that 
MRP14 protein was highly expressed in HT tissues (n = 6). 
In contrast, the tissues from healthy controls (n = 5) 
expressed very low levels of MRP14 (Fig. 1A). Consistently, 
we also found that the serum MRP14 protein levels in 
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the patients suffering from HT (n = 20) were significantly 
higher than those from the healthy controls (n = 20) 
(Fig.  1B). Therefore, these findings suggested that HT 
patients expressed abnormal levels of MRP14 protein.

IL-1β induces MRP14 expression in TFCs

To determine why MRP14 is highly expressed in HT 
patients, we investigated the induction of MRP14 
expression in TFCs by using different pro-inflammatory 
cytokines that are associated with HT pathogenesis. 
The Nthy-ori 3-1 TFCs were starved overnight and then 
stimulated for 4 h with IL-1β, TGF-β and TNF-α. qPCR 
results showed that expression of MRP14 was only 
markedly induced by IL-1β with a maximal effect at  
20 ng/mL (Fig. 2A). Therefore, we used 20 ng/mL IL-1β for 
the subsequent experiments. In concert with the qPCR 
data, immunofluorescence assays also confirmed the 
IL-1β-mediated induction of MRP14 protein expression 
in Nthy-ori 3-1 cells (Fig.  2B). Accordingly, IHC assays 
suggested that IL-1β expression was much higher in HT 

tissues (n = 4) than in healthy controls (n = 4) (Fig.  2C). 
Collectively, our data suggested that increased IL-1β in 
thyroid tissues was responsible for the elevated expression 
of MRP14 during HT pathogenesis.

IL-1β mediates MAPK and NF-κB in TFCs

To further determine the molecular mechanism of IL-1β-
induced MRP14 expression, we examined IL-1β-induced 
MAPK and NF-κB activation in Nthy-ori 3-1 cells. As shown 
in Fig. 3A, we observed that IL-1β treatment significantly 
induced the activation of MAPK, characterised by 
dramatically increased phosphorylation of p38, ERK and 
JNK. Additionally, IL-1β-induced NF-κB activation was 
significantly enhanced as expected (Fig. 3B). Immunoblot 
results revealed increased phosphorylation of both p65 
and IκBα along with the degradation of IκBα after IL-1β 
stimulation, with a maximum phosphorylation at 15 
and 30 min of treatment. These results suggested that 
activation of MAPK and NF-κB is required for IL-1β-
induced MRP14 in Nthy-ori 3-1 cells.

Figure 1
MRP14 expression in the thyroid tissues and sera 
of Hashimoto’s thyroiditis (HT) patients. (A) 
Representative results of MRP14 
immunohistochemical staining in HT tissues (n = 6) 
and control tissues (n = 5) are shown. ‘Control’ 
indicates tissues from patients with simple goitre 
of the thyroid. Brown regions represent positive 
expression (original magnification, ×200; scale 
bars, 100 μm). (B) Serum MRP14 levels of HT 
(n = 20) and healthy controls (n = 20) were 
analysed by immunoblots. Representative 
immunoblotting results of MRP14 (upper panel) 
are shown. The results of immunoblot 
quantification from all samples are shown (lower 
panel). Significant differences and P values are 
calculated by unpaired t-tests. *P < 0.05 vs 
controls.
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MRP14 regulates the expression of the chemokines 
GRO-2, CXCL9 and CCL22 in TFCs

To determine the effect of IL-1β-induced up-regulation of 
MRP14 in Nthy-ori 3-1 cells, we examined expression of 
pro-inflammatory chemokines in response to IL-1β. The 
results showed that the expression levels of multiple pro-
inflammatory chemokines, such as GRO-2, CXCL9 and 
CCL22, were increased in the presence of IL-1β, but not 
CXCL8 and CXCL16 (Fig.  4A), while IFN-γ (500 U/mL) 
induced GRO-2, CXCL10 and CXCL16, but not CXCL8 
CXCL9 and CCL22 (Fig.  4B), suggesting that different 
inflammatory cytokines exerted different effects on 
the secretion of chemokines in TFCs. To examine the 
correlation between IL-1β-induced MRP14 and these 
chemokine expressions, small interfering RNA molecules 
targeting MRP14 transcripts were used to knock down 
MRP14 expression in Nthy-ori 3-1 cells. We observed 
a reduction of approximately 50% in MRP14 mRNA 
expression when siRNA-MRP14 was transfected into Nthy-
ori 3-1 cells for 48 h (Fig. 4C). Interestingly, we found that 
MRP14 silencing significantly inhibited the expression 

levels of GRO-2, CXCL9 and CCL22 (Fig.  4D-4F).  
In contrast, overexpression of MRP14 in Nthy-ori 3-1 
cells significantly enhanced the expression levels of these 
pro-inflammatory chemokines (Fig.  4D, E and F). These 
results suggested that MRP14 mediated IL-1β induction of  
GRO-2, CXCL9 and CCL22.

Discussion

Recent evidence has shown the involvement of cytokines 
and chemokines in the pathogenesis of autoimmune 
thyroiditis. Infiltrated T helper 1 (Th1) lymphocytes in 
thyroid tissue are responsible for the enhanced production 
of IFN-γ, TNF-α, IL-6, IL-1 and IL-23 (13). These cytokines 
in turn may induce chemokine secretion of TFCs. Recent 
evidence has shown that IFN-γ and TNF-α induce the 
secretion of CXCL8, CXCL9, CXCL10 and CXCL11 in 
primary TFCs (28, 29, 30). In addition, our results showed 
that IFN-γ induced the secretion of GRO2, CXCL10 and 
CXCL16 in the TFC line Nthy-ori 3-1, suggesting that 
there was a difference in the secretion of chemokine 

Figure 2
IL-1β induces MRP14 expression in Nthy-ori 3-1 cells. (A) Nthy-ori 3-1 cells were starved overnight and then incubated with gradient concentrations of 
IL-1β, TGF-β and TNF-α for 4 h, and cells were harvested for quantitative real-time PCR (qPCR). The results shown are representative of three replicates 
(left upper panel). (B) Nthy-ori 3-1 cells were starved overnight and then incubated with IL-1β 20 ng/mL. MRP14 levels were detected by 
immunofluorescence staining (original magnification, ×400; scale bars, 20 μm). (C) Representative results of IL-1β immunohistochemical staining in HT 
tissues (n = 4) and control tissues (n = 4) are shown (original magnification, ×200; scale bars, 100 μm). Significant differences and P values were calculated 
by one-way ANOVA and the Mann–Whitney U tests. ***P < 0.001 vs controls.
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profiles between primary TFCs and the TFC line. Notably, 
an early study reported increased expression levels of 
CCL2, CXCL8, CXCL9, CXCL13, CCL21 and CCL22 
in autoimmune thyroid disease tissues (31), indicating 
that besides IFNγ-induced chemokines, other cytokine 
pathways induced the production of some chemokines. 
In this study, we confirmed that the cytokine IL-1β 
mainly induced the expression of GRO-2 (CCL2), CCL22 
and CXCL9 in TFCs, but not CXCL8 and CXCL16, which 
was different from the IFN-γ-inducible chemokine profile. 
Taken together, these results suggested that inducible 
chemokine profiles from TFCs were dependent on the 
type of cytokine used, which was affected by the duration 
of activation and activity, pharmacological treatment 
and patients at different stages of HT (32, 33, 34).

The mechanism of IFN-γ-inducible chemokine is clear, 
but that of IL-1β is not. It is reported that MRP8/MRP14 
expression is related to pro-inflammatory chemokines, 
such as IL-8, Gro-α and MCP-1, which promote leukocyte 
recruitment through chemoattractive effects (35) and 
are induced by LPS, TNF-α or IL-1β in myeloid and other 
nonmyeloid cell types, such as monocytes, neutrophils, 
human gingival epithelial cells and murine microvascular 
endothelial cells (36, 37, 38, 39). A previous study 
reported that an increase of MRP8/MRP14 expression was 

found in autoimmune thyroid disease (40). Interestingly, 
consistent with these findings, we also found that the 
level of MRP14 homodimer expression, but not the 
MRP8/MRP14 heterodimer, was elevated not only in 
the sera but also in the thyroid tissues from HT patients. 
This is the first report on MRP14 levels in HT patients, 
and the abnormal expression of MRP14 suggested that 
MRP14, as a biomarker of inflammation, participates in 
the pathogenesis of HT. Importantly, IL-1β was also highly 
expressed in the tissues of the HT patients, suggesting 
that there is an interaction between MRP14 and IL-1β in 
the development of HT. Notably, our results showed that 
IL-1β induced the expression of not only chemokines in 
TFCs but also MRP14, and further study demonstrated 
that IL-1β-induced chemokine profiles were mediated by 
MRP14 through knockdown and overexpression of the 
MRP14 gene in TFCs, which is consistent with previous 
studies (41). In addition, IL-1β affected almost every cell 
type in the body and provokes inflammation in all tissues 
through the MAPK and NF-κB pathways (42, 43). In line 
with these findings, we demonstrated that IL1β-induced 
MRP14 expression was dependent on the MAPK and 
NF-κB signalling pathways.

Numerous works demonstrate that chemokines 
(GRO2, CXCL9 and CCL22) can increase the migration 

Figure 3
Effect of IL-1β on the MAPK and NF-κB signalling pathways. Lysates of cells treated with IL-1β 20 ng/mL for the indicated times were assessed. (A) 
p-ERK1/2, p-p38, p-JNK (indicators of MAPK activation) and (B) p-p65, p-IκBa (an indicator of NF-κB activation) were incubated with corresponding 
antibodies by immunoblotting, with Hsp 60 as the loading control. Data are the mean ± s.e.m. of three independent experiments (right panel). Significant 
differences and P values were calculated by one-way ANOVA and Mann–Whitney U tests. **P < 0.01, ***P < 0.001 vs controls.
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of lymphocytes, monocyte and neutrophils to the thyroid 
gland, thus perpetuating the disease (44). Therefore, 
we speculated that under inflammatory circumstances 
from HT, abnormal expression of pro-inflammatory 
chemokines by the IL-1β/MRP14-mediated pathway led 
to lymphocyte infiltration into the lesion thyroid gland 
and HT development.

Like any other study, this study has its limitations. For 
example, the underlying molecular mechanism of MRP14 
regulation of pro-inflammatory chemokines is not clear. 
Moreover, our results were determined only from a TFC 
line, not primary thyroid cells. In addition, this study 
mainly focused on MRP14, not MRP8/MRP14. Whether 
the MRP14 homodimer has a higher clinical value than 
the MRP8/MRP14 heterodimer needs to be explored. In 
conclusion, we provided evidence that IL-1β induces the 
production of chemokines through up-regulated MRP14 
expression in a MAPK/NF-κB pathway-dependent manner, 
which might provide a potential mechanism of HT 
pathogenesis by regulating the expression of chemokines 
in TFCs.
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mRNA levels of GRO2, CXCL8, CXCL9, CXCL16 and CCL22 were determined by qPCR. (B) Nthy-ori 3-1 cells were treated with IFN-γ (500 U/mL) for 4 h, and 
the mRNA levels of GRO2, CXCL8, CXCL9, CXCL10, CXCL16 and CCL22 were determined by qPCR. Nthy-ori 3-1 cells were transiently transfected with the 
siRNA targeting MRP14, the plasmid pcDNA3.1-MRP14 or control for 48 h. MRP14 (C), GRO2 (D), CXCL9 (E) and CCL22 (F) mRNA levels were detected by 
qPCR. Data are the mean ± s.e.m. of three independent experiments. Significant differences and P values were calculated by one-way ANOVA and the 
Mann–Whitney U tests. *P < 0.05, **P < 0.01, ***P < 0.001 vs controls.
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