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Abstract. The present study was designed to investigate the
role of nicotinamide phosphoribosyltransferase (Nampt) over-
expression in a rat model of Hashimoto's thyroiditis (HT) and
its mechanism of action. A rat model of HT was constructed,
and the HT rats were injected with an adenoviral expression
vector carrying the Nampt gene. The expression of Nampt and
Toll-like receptor 4 (TLR4) in thyroid tissues was examined
using immunohistochemistry (IHC), RT-qPCR and western
blot analyses. Serum anti-thyroglobulin antibodies (TGAb)
and anti-thyroid peroxidase antibodies (TPOAb) were
measured using chemiluminescence method. Hematoxylin
and eosin (H&E) and THC staining of the rat thyroid tissues
showed destroyed thyroid follicles and monocyte infiltration,
as well as increased Nampt expression in the thyroid tissues
of rats with HT. Furthermore, it was found that Nampt overex-
pression led to increased severity of inflammatory infiltration
in thyroid tissues and increased levels of TPOADb in the serum
of HT rats; however, the serum TGAD level was not affected
by Nampt overexpression. In addition, Nampt overexpression
promoted TLR4 expression in HT rats. In conclusion, it was
demonstrated that Nampt was strongly expressed in the capil-
lary region of HT rats thyroid tissues. The Nampt mRNA level
was increased but the Nampt protein level was decreased in
the thyroid tissues of rats with HT. Nampt overexpression has a
promotive effect on HT progression, and this effect was related
to TLR4. This study suggests that inhibition of Nampt activity
may be valuable in the treatment of HT.

Introduction

Hashimoto's thyroiditis (HT) is a chronic autoimmune thyroid
disease characterized by autoimmune-mediated destruction of
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the thyroid gland (1). Individuals with HT may have no symp-
toms early on. However, over time, the thyroid may enlarge,
forming a painless goiter, and most patients eventually develop
hypothyroidism (2,3). The diagnosis of HT relies on the
demonstration of circulating antibodies to thyroid peroxidase
and thyroglobulin (4). Despite the large number of studies, HT
remains a complex and expanding disease that awaits further
understanding and novel forms of treatment.

Nicotinamide phosphoribosyltransferase (Nampt), also
known as pre-B cell colony-enhancing factor (PBEF) or
visfatin, is a member of the nicotinic acid phosphoribosyl-
transferase family (5). It is the rate limiting component in the
mammalian NAD biosynthesis pathway. In addition, Nampt
acts as a cytokine with immunomodulating properties and
an adipokine with anti-diabetic properties (6-8). Recently,
more and more studies have revealed the association between
Nampt and autoimmune thyroid disease (AITD). Nampt is
overexpressed in leukocytes and thyroid tissues of patients
with Graves' disease (4,9,10). The serum concentration of
Nampt was also found to be increased in Graves' disease (11).
Clinical studies and animal experiments have shown elevated
plasma Nampt concentrations in hyperthyroidism and hypo-
thyroidism groups (12,13). Li and Li reported that plasma
Nampt levels were higher in patients with HT than that noted
in controls (14). All of these studies revealed the changes in
Nampt expression in AITD; however, studies on the exact role
and the mechanisms of Nampt in AITD are rare.

Herein, a rat model of HT was constructed and it was
ascertained whether Nampt overexpression contributes to
the development of HT. Furthermore, the effect of Nampt
overexpression on Toll-like receptor 4 (TLR4) in HT was also
investigated.

Materials and methods

Animal experiments. All the animal procedures were approved
by the Ethics Committee of The First Affiliated Hospital of
Nanchang University (Nanchang, Jiangxi, China). A total of
38 female SD rats (8 weeks old) were obtained from Hunan Slac
Jingda Laboratory Animal Co., Ltd. (Changsha, Hunan, China).
The rats were randomly assigned into two groups: the control
group (Control group, n=8) and the Hashimoto's thyroiditis
group (Model group, n=9). Rats in the model group were
injected with 0.2 ml porcine thyroglobulin (4 mg/ml; Huayang
Zhenglong Biochemical Products) emulsified in complete
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Freund's adjuvant (CFA; MP Biomedicals) at the footpad, and
with a booster injection of an equal dose of porcine thyro-
globulin in incomplete Freund's adjuvant (IFA) performed
2 and 4 weeks later. Rats in the control group were treated
with phosphate-buffered saline (PBS) instead of porcine
thyroglobulin at the same time. The rats in the normal and
the model groups were maintained under standard laboratory
conditions, and allowed access to deionized water or 0.05%
Na I solution (Shanghai Zhanyun Chemical Co., Ltd.). One
week after the third immunization, the thyroid tissues were
collected for testing. Empty adenoviral vector and adenoviral
expression vector carrying the Nampt gene were provided by
Abmgoodchina Inc. Rats with HT were injected with 10° vp of
empty adenoviral vector (Model+NC group, n=9) or adenoviral
expression vector carrying the Nampt gene (Model+Nampt
group, n=9) through tail vein for 3 days. One week later, thyroid
tissues and serum samples were collected for testing.

Hematoxylin and eosin (H&E) staining. Thyroid tissues were
fixed in formalin, and then embedded in paraffin. After depa-
raffinization and rehydration, the sections were stained with
hematoxylin solution for 3 min followed by differentiation in
acid ethanol for 15 sec. Following rinsing in distilled water,
the sections were then stained with eosin solution (Boster) for
3 min, dehydrated with graded alcohol, and cleared in xylene.
The slides were observed under an Olympus CX41 microscope
(magnification, x200; Olympus, Tokyo, Japan).

Immunohistochemistry (IHC). Sections were baked at 65°C
for 2 h, followed by incubation with xylene for 20 min and
graded ethanol for 25 min. High temperature and high pres-
sure citrate buffer was used to retrieve antigen. Endogenous
peroxidase activity was quenched by incubation with 3% H,0,
at room temperature for 10 min. BSA (5%) was added to the
sections to block nonspecific staining. Antibodies against
Nampt (cat. no. DF6059; Affinity Biosciences) and TLR4 (cat.
no. bs-20594R; Beijing Biosynthesis Biotechnology Co., Ltd.)
were diluted at 1:200, and the sections were incubated with the
primary antibodies at 4°C overnight. The secondary antibody
(cat. no. ZB-2301; ZSBIO) was used at a 1:100 dilution. The
sections were incubated with the secondary antibody at 37°C
for 30 min. After washing with PBS, the sections were incu-
bated with the DAB solution (CWBIO) and then counterstained
with hematoxylin (Boster).

Reverse transcriptionquantitative polymerase chain reaction
(RT-qPCR). Total RNA was extracted using TRIzol reagent
(CWBIO) and purified with an Ultrapure RNA Kit (CWBIO).
The following primers were used in the present study: Nampt,
5-ATGCCGTGAAAAGAAGACAG-3' (forward) and 5-TCC
AGTTGGTGAGCCAGTAG-3' (reverse); TLR4, 5'-AAGAGT
CTAGCCGTCTTCAATC-3' (forward) and 5-CAGCCAGCA
ATAAGTATCAGG-3' (reverse); GAPDH, 5-TACCCACGG
CAAGTTCAA-3' (forward) and 5-ACCAGCATCACCCCA
TTT-3' (reverse). All primers were synthesized by Sangon
Biotech Co., Ltd. Total RNA was reverse transcribed into
cDNA using a HiFiScript cDNA Synthesis Kit (CWBIO) in
accordance with the manufacturer's instructions. qPCR was
performed using UltraSYBR Mixture (CWBIO) with an
initial hold step (95°C for 10 min) and 40 cycles at 95°C for
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10 sec, 57°C for 30 sec and 72°C for 30 sec. Relative mRNA
expression was analyzed using the 26449 method (15).

Western blot analysis. Tissue samples were homogenized
using liquid nitrogen and lysed in RIPA lysis buffer (Applygen
Technologies Inc.) for 30 min. Lysates were then centrifuged at
4°Cfor 10minat 12,000 x g,and the supernatants were collected.
Total proteins were separated by SDS-polyacrylamide gel
electrophoresis, and transferred onto PVDF membranes
(Millipore). The membranes were incubated with the
appropriate primary antibodies, including rabbit polyclonal
anti-Nampt (cat. no. DF6059; Affinity Biosciences; dilution,
1:500), rabbit polyclonal anti-TLR4 (cat. no. bs-20594R; Beijing
Biosynthesis Biotechnology Co., Ltd.; dilution, 1:1,000) and
mouse monoclonal anti-GAPDH (cat. no. TA-08; ZSBIO; dilu-
tion, 1:2,000) at 4°C overnight, followed by incubation with
HRP-conjugated goat anti-rabbit IgG (H+L) (cat. no. ZB-2301;
ZSBIO; dilution, 1:2,000) or HRP-conjugated goat anti-mouse
1gG (H+L) (cat. no. ZB-2305; ZSBIO; dilution, 1:2,000) at 4°C
for 2 h. Signals were visualized with the SuperSignal® West
Pico Chemiluminescent Substrate (Thermo Fisher Scientific,
Inc.), and the band density was quantified using Quantity One
software (version 4.6.9; Bio-Rad Laboratories, Inc.).

Measurement of anti-thyroglobulin and anti-thyroid
peroxidase antibodies. The thyroglobulin protein and thyroid
peroxidase were purchased from Beijing Biosynthesis
Biotechnology Co., Ltd. Anti-thyroglobulin antibodies
(TGADb) and anti-thyroid peroxidase antibodies (TPOAb) in
serum were assessed by enzyme-linked immunosorbent assay
on an automatic chemiluminescence immunoassay instrument
(ADVIA Centaur CP, Siemens Medical Solutions Diagnostics),
in accordance with the manufacturer's guidelines.

Statistical analysis. Statistical analysis was performed using
SPSS 19.0 software (IBM Corp.), and the data are presented as
means + SD. Comparisons of data between groups were made
using one-way analysis of variance (ANOVA) followed by
Bonferroni's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Construction of an HT model in rats. H&E staining of
thyroid tissues are shown in Fig. 1. Rats in the control
group (Fig. 1A) displayed intact and even-distributed thyroid
follicles, and lymphocyte infiltration was barely presented in
the thyroid tissues. The pathological grading of the sections
in the model group was grade I. It was shown that the thyroid
follicles in the HT rats were disordered and destroyed, and
lymphocyte infiltration was observed around the thyroid
follicles (Fig. 1B-D).

Expression of Nampt in the thyroid tissues of the HT rats. The
rats were injected with porcine thyroglobulin to induce HT
model, and THC was performed to detect Nampt protein in the
thyroid tissues of HT rats. As shown in Fig. 2, Nampt was widely
expressed in thyroid follicles and blood cells. The immunological
staining of inflammatory infiltrating cells was obviously stronger
in the model group than that noted in the control group.
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Figure 1. Hematoxylin and eosin staining of rat thyroid tissues. (A) Control group (magnification, x200). (B) Model group (magnification, x200). (C) High
magnification of an area in (B) showing inflammatory cells infiltration. (D) High magnification of an area in (B) showing follicle cell breakdown. Arrow,
follicle cell breakdown; arrowhead, inflammatory cell infiltration; scale bar, 100 gm.

Figure 2. Immunohistochemical staining of Nampt in rat thyroid tissues (magnification, x200) in the Control and Model groups. Arrowhead, Nampt-positive.

Nampt, nicotinamide phosphoribosyltransferase.

Effect of Nampt on TLR4 expression in HT rats. We examined
Nampt mRNA and protein levels in the thyroid tissues using
RT-gPCR and western blot analyses. The Nampt mRNA level
was significantly increased in rats with HT compared with the
control rats; however, the Nampt protein level was decreased
in the model group. Compared with the HT rats injected with
empty adenoviral vector, we found Nampt expression was
significantly increased both at the mRNA level and the protein
level in the HT rats injected with adenoviral expression vector
carrying the Nampt gene (Fig. 3A and B).

To evaluate the effect of Nampt on TLR4 expression, the
sections of rat thyroid tissues were stained with an antibody
against TLR4. It was shown that the thyroid tissues had more
extensive follicular atrophy and collapse, as well as more
serious inflammatory infiltration in the model+Nampt group

than in the model+NC group. TLR4 was mainly expressed
in monocytes/macrophages and endothelial cells. We found
that TLR4 was more strongly positive in the model+Nampt
group than in the model+NC group (Fig. 3C). In addition,
we examined TLR4 mRNA and protein levels in the thyroid
tissues. The results revealed that TLR4 mRNA and protein
levels were significantly upregulated in the rats with HT
compared with the control rats. Nampt overexpression resulted
in increased TLR4 mRNA and protein levels in rats with HT
(Fig. 3A and B) compared with the model+NC group.

Effect of Nampt on TGAb and TPOAb in HT rats. We
detected serum concentrations of TGAb and TPOAb using
chemiluminescence method. As shown in Fig. 4, the TGAb
level was significantly higher in the model group than in
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Figure 3. Effect of Nampt on TLR4 expression in HT rats. (A) Expression of Nampt and TLR4 mRNA in rat thyroid tissues. (B) Expression of Nampt and TLR4
protein in rat thyroid tissues. "P<0.05 compared with the control group; “P<0.01 compared with the model+NC group. (C) Immunohistochemical staining of
TLR4 in rat thyroid tissues (magnification, x200). Arrowhead, TLR4-positive. HT, Hashimoto's thyroiditis; Nampt, nicotinamide phosphoribosyltransferase;

TLR4, Toll-like receptor 4.

the control group, while no difference in TPOAD level was
detected between the two groups. Moreover, we found there
was a significant increase in TPOAD level in the model+Nampt
group compared with that in the model+NC group; however,
we did not observe a change in TGAb level between the two
groups.

Discussion

Nampt is involved in many important biological processes,
including survival, apoptosis, metabolism and angiogen-
esis (16). As a cytokine, an elevated concentration of Nampt
has been observed in several inflammatory and autoimmune
disorders, such as sepsis, atherosclerosis, systemic lupus
erythematosus and Crohn's disease (17-20). Previous studies
have demonstrated an elevated plasma Nampt concentration
in Hashimoto's thyroiditis (HT) patients (14). Nampt is present
in plasma to behave both as a cytokine and an adipokine. The
blood brings Nampt to all tissues of the body. In the present
study, adenoviral expression vector carrying the Nampt gene
was injected into rats through the tail vein to elevate the Nampt
level in plasma. Elevated Nampt was transported to the thyroid
gland by the blood to exert its local effects. The administration
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Figure 4. Effect of Nampt on serum concentration of TGAb and TPOAb
in HT rats. "P<0.05 compared with the control group; “P<0.01 compared
with the model+NC group. HT, Hashimoto's thyroiditis; Nampt, nicotin-
amide phosphoribosyltransferase; TGAD, anti-thyroglobulin antibodies;
TPOAD, anti-thyroid peroxidase antibodies.

method used in this study could mimic the effect of Nampt on
HT in human bodies. In this study, we found that Nampt was
strongly expressed in the capillary region of HT rat thyroid
tissues. The Nampt mRNA level was increased but the Nampt
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protein level was decreased in the thyroid tissues of rats with
HT. Nampt has two different forms: intranuclear and secreted
Nampt. In the thyroid tissues of the model group, the staining
of Nampt in the capillary region of thyroid tissues was stronger
in the model group than in the control group, suggesting that
Nampt is more likely to enter the blood in a secreted form.
The elevated secreted Nampt may lead to the decreased
Nampt protein level in the thyroid tissues. Our hypothesis was
consistent with a previous study reporting that plasma Nampt
concentration was elevated in HT patients (14).

Autoimmune thyroid diseases are characterized by
antibodies against thyroglobuline and thyroid peroxidase.
Positive serum TPOAb and TGADb are found in the majority
of HT patients. In the present study, an HT animal model
was established by injecting porcine thyroglobulin. We found
inflammatory infiltration in the thyroid tissues of the HT rats;
however, only TGAb was significantly increased in the model
group, suggesting that there were some differences between
the animal model and HT subjects. This may be due to the fact
that the thyroid injury was mild in the model group, and the
disease duration of the model group was short. Furthermore,
Nampt overexpression was demonstrated to lead to increased
severity of inflammatory infiltration in thyroid tissues as well
as increased TPOAD levels in the serum of HT rats; however,
the serum TGADb level was not affected by Nampt overexpres-
sion. TPOAD is a diagnostic marker of HT, and TPOADb could
cause thyroid cell damage through antibody-complement
system-mediated T cell activation (21-23). Nampt overex-
pression led to the increased serum TPOAD level in HT rats,
indicating that Nampt promotes HT progression. However,
TGADb did not increase after Nampt overexpression, suggesting
that thyroid follicle cells may not be attacked by Nampt
overexpression.

Toll-like receptor 4 (TLR4) is a member of the TLR family
which plays a key role in the innate immune system. TLR4
triggers inflammatory response, leading to NF-kB (NF-kB)
activation and cytokine secretion (24-26). In periodontal liga-
ment cells, there was a positive correlation between TLR2/4 and
Nampt expression (27). A study by Camp et al reported that
TLR4 is a receptor for Nampt; Nampt induces lung NF-«B tran-
scriptional activities and inflammatory injury via direct ligation
of TLR4 (28). In the present study, compared with the control
rats, the mRNA and protein expression levels of TLR4 were
significantly increased in rats with HT. Nampt overexpression
promoted TLR4 expression in HT rats. It has been reported that
TLR4 protein expression is regulated by many other factors in
the inflammatory process, such as HMGBI, hyaluronan frag-
ments, HSP60 and fibrinogen (29-32). This study demonstrated
that TLR4 expression was also regulated by Nampt.

In the present study, the rats in the Model+NC group were
injected with empty adenoviral vector. It has been reported
that bioengineered adenovirus can stimulate the immune
system (33), causing an in vivo immune response in rats.
Therefore, a significant difference between the Model group
and Model+NC group may exist. Interestingly, we found the
difference between the Model+NC and Model groups was
even more significant than that between the Model+Nampt and
Model groups. This result indicated that intravenous injection
of adenovirus inhibited the autoimmune response to the thyroid
gland. Adenovirus particles act as antigens to induce humoral
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immune response. Humoral immune response competes with
the autoimmune response to the thyroid gland, leading to a
decrease in autoimmunity.

A previous study reported that the Nampt inhibitor FK866
modulated T cell-mediated immune responses and thereby was
beneficial in immune-mediated disorders (34). We expected an
inhibitory effect of Nampt silencing on thyroid inflammation
and HT progression. Our further studies may focus on the
effect of FK866 on HT in animal models.

A limitation of this study was that there was a nonspe-
cific staining of colloid of thyroid follicles, and the staining
influenced the evaluation of Nampt and TLR4 expression.
Therefore, we did not evaluate the relative expression of Nampt
and TLR4 in the IHC study.

In conclusion, this study revealed that Nampt was strongly
expressed in the capillary region of HT rat thyroid tissues. The
Nampt mRNA level was increased but the Nampt protein level
was decreased in the thyroid tissues of rats with HT. Nampt
overexpression had a promotive effect on HT progression, and
this effect was related to TLR4. These results suggest that
inhibition of Nampt activity may be valuable in the treatment
of HT.
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