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Abstract

Purpose Graves’ disease (GD) is an autoimmune thyroid
disease, and the most important characteristic of it is the
presence of the thyroid-stimulating antibody (TSAb). The
mechanisms of the TSAb elevation are still uncertain.
Recent studies have suggested that the dysregulation of
regulatory T cell (Treg) and T helper 17 (Th17) might stim-
ulate the production of TSAb and be a pathogenesis of GD.
However, the role of Treg and Th17 cells in the pathogen-
esis of GD is still debated. Our aim is to assess changes of
Treg and Th17 cells in the spleen of a mouse in an in vivo
GD model and try to explain the pathogenesis of GD.
Methods We used an adenovirus expressing the autoanti-
gen thyroid-stimulating hormone receptor (Ad-TSHR289)
to immunise mice in order to induce GD in the model.
Flow cytometry was used to measure the frequencies of
splenic Treg and Th17 cells and real-time PCR to analyse
the mRNA expression of forkhead box P3(Foxp3) and
interleukin-17(IL-17).

Results Compared with the Ad-Control group, the frequen-
cies of CD4tCD25"Foxp3™ Treg cells were significantly
decreased (p = 0.007) and gene expression of Foxp3 was
down-regulated (p = 0.001) in the Ad-TSHR289 group.
Though there was no significant difference in CD41IL-17"
T cell subpopulation between the two groups (p = 0.336),
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the IL-17 mRNA expression was significantly up-regulated
in the Ad-TSHR289 group (p = 0.001).

Conclusions The pathogenesis of GD may be associated
with reduced Treg cells and increased IL-17 gene expres-
sion. The increased IL-17 mRNA needs to be explained by
other mechanisms but not Th17 cells.
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Introduction

Graves’ disease (GD) is an autoantibody-mediated auto-
immune thyroid disease (AITD). It affects primarily
women, with an annual incidence of approximately 14
per 100,000 [1]. In America, the incidence of hyperthy-
roidism is approximately 1.2% [2]. In China and Western
countries, the prevalence of GD is approximately 2-3.0
and 0.5-2%, respectively [3, 4]. In England, the incidence
of GD is 1-2%o per year, higher than the rate of 0.3%o per
year reported before [5]. In general, the incidence of GD
is increasing steadily. Though the pathogenesis of GD
remains elusive, it is associated with a complex interplay
of both genetic and non-genetic factors. HLA complex,
CTLA-4, CD40, FCRL3, PTPN22 and TSHR may be
involved in genetic factors, while iodine, infections, psy-
chological stress, gender, smoking, thyroid damage, vita-
min D, selenium, immune-modulating agents and periods
of immune reconstitution may contribute to the develop-
ment of GD among non-genetic factors [6].

There are many medical treatments for GD: some meth-
ods are used to inhibit hormone synthesis and/or release,
such as thionamides, iodine and compounds contain-
ing iodine, perchlorate, lithium, B-adrenergic antagonists
and glucocorticoids [7], and other methods are used to
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eliminate functional thyroid tissue, such as surgery, radioi-
odine or both. In general, anti-thyroid drugs (ATDs), radio-
active iodine (RAI) and surgery are the main methods used
by experts. The treatments are different if the patients are in
diverse circumstances, including pregnancy, childhood or
the manifestation of Graves’ orbitopathy (GO) or thyroid-
associated orbitopathy (TAO) [8] that is frequently termed
Graves’ ophthalmopathy.

In GD patients, thyroid-stimulating antibodies (TSAbs)
combine with the thyroid-stimulating hormone receptor
(TSHR) and mimic the effects of the hormone on thyroid
cells. They stimulate excessive production of triiodothy-
ronine and thyroxine (T3 and T4) causing some patients
to have symptoms of weight loss, tachycardia and anxiety
[9]. Kampmann et al. [10] found that 90% patients of GD
were TSAb positive in their research and TSAb was highly
prevalent in severe/active TAO. Diana et al. [11] conducted a
cross-sectional retrospective study and found that the TSAb
level was a sensitive, specific and reproducible biomarker for
paediatric GD, and it correlated well with disease severity
and extrathyroidal manifestations. The presence of TSAb in
GD patients has been recognised for a long time; however,
the mechanisms that lead to its production are still uncertain.

For a long time, GD has been assumed to be the type 2
helper T cells (Th2)-dominant autoimmune disease. How-
ever, some researchers have found that TSAb in many
patients are IgGl, the type 1 helper T cells (Thl) subtype
in humans [12]. In the mouse model, most TSAb monoclo-
nal antibodies are a Th1 subclass [13]. In addition, among
distinct GD models induced by different methods, the
types of immune response are different. In Shimojo and the
M12-TSHR models, the Th2 immune response seems to
be predominant. In mouse GD models induced by immu-
nising with DNA-TSHR, Ad-TSHR or DC-TSHR, Thl is
likely to be important in the immune response [14]. In sum-
mary, these controversial data suggest that GD cannot be
explained only by the classical Th1/Th2 theory.

Recently, Treg and Thl7 lymphocytes have been
reported to play apparent roles in the pathogenesis of
autoimmune thyroid diseases [15, 16]. The Thl7 cell, a
recently described T helper cell [17], has been reported
to be involved in many autoimmune diseases, such as dia-
betes mellitus type 1, collagen-induced arthritis, inflam-
matory bowel diseases [18], multiple sclerosis (MS) and
systemic lupus erythematosus (SLE) [19-21]. The associa-
tion between Th17 cell and GD pathogenesis has also been
reported [22, 23].

Treg cell is also important for the regulation of autoim-
mune diseases [24]. However, conclusions on the changes
of the Treg and Th17 cells in a mouse GD model are still
controversial. So we used a mouse GD model, which was
induced by immunising with an adenovirus expressing thy-
rotropin receptor (5.62 x 10’ PFU/mouse, three times at a
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three-week interval), and detected the changes of Treg and
Th17 cells in these mice 3 weeks after the third immunisa-
tion. We tried to explain the possible mechanisms of GD.

Materials and methods

Construction of the recombinant adenovirus expressing
TSHR289

We amplified the TSHR289 gene from the plasmid of
pSV2neoECE-TSHR289-6H-dhfr (kindly provided by
Basil Rapoport at University of California-Los Angeles)
to attB1-Kozak-TSHR289/6xHis/IRES/eGFP-attB2 vector
with overlapping polymerase chain reaction (PCR). We col-
lected the PCR products that were purified by agarose gel
electrophoresis. We used Gateway® technology to recom-
bine the adenovirus vector pAV.EX1d-TSHR289/6xHis/
IRES/eGFP (Ad-TSHR289) and translated the recombined
adenovirus vector into Escherichia coli Stbl3. We screened
out the positive clones by PCR before sequencing. Ad-
TSHR289 and null adenovirus (Ad-Control) were trans-
ferred into HEK293A cells to produce recombinant adeno-
virus and null adenovirus. Then, we purified adenovirus by
CsCl density gradient centrifugation and measured the titre
of the virus by TCID50. We measured the mRNA expres-
sion of TSHR289 in HEK293 by RT-PCR. And the titre of
the recombinant adenovirus was 3.16 x 10'© PFU/ml. We
use Ad-Control as a negative control.

Mice

We purchased BALB/c 6-week-old mice from Vital River
Laboratory Animal Technology Co. Ltd. (Beijing, China).
All animal experiments were conducted in accordance with
regulations in the Institutional Animal Care and Use Com-
mittee in Guang’anmen Hospital (Beijing, China). And all
the animal studies were conducted in a specific pathogen-
free facility.

Immunisation protocols

All the mice were injected intramuscularly (i.m.) with
100 pl phosphate-buffered saline (PBS) (n = 9), 100 nl
PBS containing 5.62 x 10" PFU of Ad-TSHR289 (n = 9) or
Ad-Control (n = 9). Mice were i.m. injected three times at
3-week intervals. Three weeks after the last injection, blood,
spleens and thyroid tissues were obtained for further tests.

Thyroid function test

We measured total thyroxine (T4) and TSH receptor
autoantibodies (TRAb) in mouse sera with a commercially
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available radioimmunoassay kit (Cisbio Bioassays, Codo-
let, France) and a commercially available TRAD kit (Cis-
bio Bioassays, Codolet, France), respectively. The normal
range of T4 and TRAD was defined as the mean + 3 SD of
Ad-Control mice.

Thyroid histology
Observed primarily

Thyroid glands were obtained and observed directly with a
measuring scale.

Observed under light microscope

We obtained mice thyroid glands and fixed them with 10%
formalin in PBS, then embedded the tissues in paraffin and
cut them into 5-pwm-thick sections, and stained them with
haematoxylin and eosin (H&E). At last, we observed the
thyroid tissues under light microscope (Nikon eclipse Ti,
Japan).

Observed under transmission electron microscope (TEM)
Thyroid tissues were cut into small blocks about 1 mm?
and fixed in 2% osmic acid solution immediately. We
immersed them in 0.2 M PBS (pH 7.4) for 10 min three
times and fixed the samples in 2% osmic acid solution.
Then, we embedded the specimens, and positioned, sliced,
and stained them. We made the ultrathin sections 100 nm
thick and 0.5 mm? Finally, we observed the changes in
thyroid follicular epithelial cells by a Hitachi-7650 micro-
scope (Hitachi, China). We obtained all the images using a
Gatan 832CCD camera (Gatan).

Flow cytometry

We pressed mice spleen tissues through a nylon mesh
and removed red cells with lysing buffer (BD Pharm
Lyse, San Diego, CA, USA) to prepare a single-cell sus-
pension of splenic cells. First, we stimulated the splenic
cell suspension (1 x 10° cells/ml) and cultured it for 5 h
with leucocyte activation cocktail (BD PharMingen, San
Diego, CA, USA) in the DMEM (HyClone, Utah, USA)
at 37 °C. Then, we stained them with FITC-CD4 anti-
body (BD PharMingen, San Diego, CA, USA) and APC-
CD25 antibody (BD PharMingen, San Diego, CA, USA).
After 20-min incubation at 4 °C, we washed them by stain
buffer (FBS) (BD PharMingen, San Diego, CA, USA).
We fixed and permeabilised them with Transcription Fac-
tor Buffer Set (BD PharMingen, San Diego, CA, USA)
with reference to the recommended assay procedure.

We then proceeded with the intracellular staining. All
the cells were incubated with PerCP-Cy™ 5.5-labelled
rat anti-mouse IL-17A antibody (BD PharMingen, San
Diego, CA, USA) and PE-labelled rat anti-mouse Foxp3
antibody (BD PharMingen, San Diego, CA, USA) at 4 °C
for 45 min, protected from light. Then, by washing and
re-suspending all the cells, we analysed and acquired data
using CellQuest software (BD Biosciences, Mountain
View, CA, USA). We set quadrants referring to the stain-
ing of FITC Rat IgG2a,kisotype control (BD PharMin-
gen, San Diego, CA, USA), APC Rat IgG1,\isotype con-
trol (BD PharMingen, San Diego, CA, USA) and PE Rat
IgG2a,kisotype control (BD PharMingen, San Diego, CA,
USA).

Quantitative real-time RT-PCR analysis

We isolated the total RNA from 0.09 to 0.18 g fresh sple-
nocytes with 1 ml Trizol reagent (Tiangen Biotech, Beijing,
China) and synthesised cDNA with an RT Reagent Kit
(Tiangen Biotech, Beijing, China) by PEQSTAR 96 uni-
versal gradient PCR System (PeqLab GmbH, Germany).
We performed real-time PCR by 7500 Fast Real-time
PCR System (Applied Biosystems, USA) with a Real-time
PCR Kit (Tiangen Biotech, Beijing, China). We designed
the primers for IL17, Foxp3 (Treg-specific transcription
factor) and GAPDH mRNA by Primer Premier 5.0 as fol-
lows: Foxp3, forward primer, 5-TAC CTC AAC CGT
TCC AC-3/; reverse primer, 5’-TCT CAG GCT CCC TCT
TC-3/; IL-17, forward primer, 5'-GGA GAA AGC GGA
TAC CAA-3’; reverse primer, 5-TGT GAG GAC TAC
CGA GCC-3'. Reference primer of GAPDH was as fol-
lows: forward primer, 5'-AGG TCG GTG TGA ACG GAT
TTG-3'; reverse primer, 5'-TGT AGA CCA TGT AGT
TGA GGT CA-3’. With the above primers, PCR amplifica-
tion was carried out under the following conditions: 94 °C
for 10 min, followed by 40 cycles of 94 °C for 15 s, and
60 °C for 30 s. We used approximately 50 ng of cDNA in
every reaction. We obtained all the data as Ct values and
determined ACt values. We performed the reactions in trip-
licate and expressed them as mean = SEM ACt values.

Data analysis

We performed the statistical analysis by SPSS 22.0 soft-
ware. All data were expressed as mean + standard devia-
tion (SD). The normality of data was tested by Kolmogo-
rov—Smirnov test. Differences between groups were
analysed by one-way analysis of variance (ANOVA) with
LSD test. p value less than 0.05 was considered to indicate
statistical significance. The Kruskal-Wallis tests were used
when data were not normally distributed.
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Fig. 1 Serum thyroxine (T4) and TRAD levels: T4 (a) and TRAD (b)
levels were measured 3 weeks after the last immunisation. BALB/c
mice were injected intramuscularly with Ad-TSHR289 adenovirus
(Ad-TSHR289), null adenovirus (Ad-Control) or PBS (Control).

Results
TRAD and T4 titre in Serum

Mean = SD of T4 and TRAb in murine serum were
106.29 £ 13.05 ng/ml (ranging from 30.62 to 153.36)
and 0.69 £+ 0.10 u/l (ranging from 0.38 to 1.13) in the
Ad-Control group. There were no significant differences
between the Control group and Ad-Control group in serum
T4 and TRAb. T4 and TRAD increased in all the mice of
Ad-TSHR289 group (immunised with Ad-TSHR289
adenovirus). Both of them were above the mean + 3SD
of Ad-Control group (immunised with null adenovirus).
The Ad-TSHT289 group had significant differences with
the Control group (p < 0.001) and the Ad-Control group
(p < 0.001). Thus, in all results, 9 (100%) female BALB/c
mice have been induced to develop GD (as shown in
Fig. 1).

Thyroid histology in mice

Differences in the appearance of mice thyroid tissues
were observed in three groups. Thyroid tissues in Ad-
TSHR289 were darker and heavier than in Ad-Control
and Control (Fig. 2a—c). Thyroid weight (TW) and body
weight (BW) of mice were measured, and TW/BW was
calculated. The TW/BW was 0.0002571 + 0.0000831,
0.0002243 £ 0.0000629 and 0.000572 £ 0.00012 in Con-
trol, Ad-Control and Ad-TSHR?289, respectively. There was
no significant difference between Ad-Control and Control
(p > 0.05), but a significant difference between Ad-Control
and Ad-TSHR289 in TW/BW (p < 0.001) (Fig. 2d).
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Area below the horizontal lines indicates the mean + 3 SD of T4 and
TRAD values for 9 mice in Ad-Control group. Significant differences:
Control versus Ad-TSHR289, *Ad-Control versus Ad-TSHR289

In the Ad-TSHR289 group (Fig. 3c), the thyroid tissues
that were stained by H&E showed diffuse enlargement,
and the thyroid follicular epithelia were hypertrophied
and hypercellular. Compared with the Ad-Control group
(Fig. 3b) and the Control group (Fig. 3a), we observed that
the follicular lumen had some protrusion and the colloid in
it was also decreased. These changes are similar to those
observed in GD patients [5]. However, we did not observe
inflammatory cell infiltration in mice thyroid.

The ultrastructure of mice thyroid glands from the Ad-
TSHR289 group was also changed as observed by TEM.
They showed irregular nucleus, nuclear membrane invagi-
nates, chromatin condensation and aggregation at the
periphery of the nucleons when compared with the Control
and Ad-Control groups. Increased number and irregularly
swollen morphology were observed in the mitochondria.
The cristae (infolding or convolutions) of mitochondria
became fractured and fuzzy. A large number of lipid drop-
lets filled the cytoplasm. Their rough endoplasmic reticulum
was extended and wrapped around mitochondria (Fig. 4).

Decreased Treg and increased IL-17 mRNA levels
in spleen of Ad-TSHR289 group

The amounts of CD4TCD25Foxp3™ Treg cells in the Ad-
TSHR289 group (2.89 + 1.19%) depleted significantly in
contrast to the Control group (5.05 £ 2.15%) (p < 0.05) and
the Ad-Control group (5.36 + 2.10%) (p < 0.05), and there
were no significant differences between the Control and the
Ad-Control groups (p > 0.05) (Fig. 5b). We also obtained
a similar result from flow cytometry detection. In the Ad-
TSHR289 group, the expression of Foxp3 mRNA (Fig. 5d)
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Fig. 2 Appearance of mice thyroid tissues and TW/BW: Thyroid tis-
sues in Ad-TSHR289 (a) were 1 mm wider than Ad-Control (b) and
Control (¢). TW/BW of Ad-TSHR289 was higher than Ad-Control
and Control, and Ad-TSHR289 had a significant statistical differ-

0.0004

0.0002- e

0.0000-

Control  Ad-Control Ad-TSHR289

ence when compared with Ad-Control and Control (d). Significant
differences: “Control versus Ad-TSHR289, ?Ad-Control versus Ad-
TSHR289

Fig. 3 Histographs of thyroid observed by light microscope (Stained
by H&E) (x200 magnification): In contrast to Control (a) and Ad-
Control (b), thyroid tissues from Ad-TSHR289 (c) were consistent
with hyperthyroidism. They were more vacuolated with less amounts

in splenic cells had also decreased (0.13 + 0.10) as com-
pared with the Control group (1.09 £ 0.48) (p < 0.001)
and the Ad-Control group (1.19 + 0.52) (p < 0.001). We
did not find significant differences among the three groups
in the proportions of CD4*IL-17"T cell in splenic cells by

of colloid, and the thyroid follicular epithelia were hypertrophied and
hypercellular. Protrusion was observed in the follicular lumen. There
was no inflammatory infiltration in thyroid tissues

flow cytometry (p > 0.05) (Fig. 5c). However, the expres-
sion of IL-17 mRNA in the spleen was higher in the Ad-
TSHR289 group (4.16 £ 1.29) in contrast to the Control
group (1.05 £ 0.31) (p < 0.001) and the Ad-Control group
(0.90 £ 0.50) (p < 0.001) (Fig. Se).
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Fig. 4 Histographs of thyroid observed by TEM (x1000-7000 mag-
nification): Thyroid glands from the Ad-TSHR289 group (e) showed
irregular nuclei, nuclear membrane invaginates, chromatin conden-
sation and aggregation at the periphery of the nucleons compared
with the Ad-Control group (¢) and the Control group (a). The Ad-
TSHR289 group (f) also showed mitochondria increase and irregu-

Discussion

In our research, all the mice (100%) immunised with Ad-
TSHR289 became hyperthyroid. Their serum T4 and TRAb
were increased above the mean £ 3SD of the Ad-Control
group. The changes in thyroid histology such as diffuse
enlargement, hypertrophied and hypercellular follicular
epithelia, protrusion of the follicular lumen and reduced
amounts of colloid were similar to previous studies. How-
ever, lymphocyte infiltration was not observed in these
mice thyroids [25]. There were no significant differences
between the Control group and the Ad-Control group in
serum T4 and TRAD.

Besides, we observed the appearance of mice thyroid
and found that thyroid tissues in the Ad-TSHR289 group
were darker and heavier than in the Control and Ad-Con-
trol. This showed that the thyroid of Ad-TSHR289 had
abundant blood supply, which is consistent with clinical
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lar swelling. The cristae of mitochondria had fractured and become
fuzzy. A large number of lipid droplets had filled their cytoplasm.
Their rough endoplasmic reticulum was extended and wrapped
around the mitochondria. The Ad-Control group (d) and the Control
group (b) showed less mitochondria and their cristae were clear. The
form of the rough endoplasmic reticulum was normal

GD patients. In addition, we also observed the thyroid tis-
sues by TEM. The number of mitochondria had increased,
and they had swelled irregularly. Besides, the rough endo-
plasmic reticulum was extended and wrapped around the
mitochondria. These phenomena might throw light on the
acceleration of thyroid hormone synthesis.

All the changes of serum markers and histology have
proved the successful induction of this GD model, but how
does one explain these pathogenic changes? Although Thl
and Th2 played crucial roles in the pathogenesis of GD,
GD cannot be viewed simply by the balance of Thl and
Th2 immune response. Recently, more and more researches
have paid greater attention to Treg and Th17 cells. These
two types of lymphocytes play crucial roles in immune
responses and inflammatory diseases.

In observing the changes of Th17 cell and Treg cells in
the mouse GD model, we detected their functions in differ-
ent aspects including cell proportions and key transcription
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Fig. 5 Flow cytometric analysis of Treg cell and Th17 cell in spleen
and quantitative real-time RT-PCR detection of Foxp3 and IL-17
mRNA expression. a An example of a flow cytometry result. The
percentages of CD4TCD25"Foxp3™ Treg cell and CD4TIL-17"T
cell were analysed by four-colour flow cytometry. Splenic cells were
first stained with FITC-labelled anti-mouse CD4 and APC-labelled
anti-mouse CD25. After permeabilising, they were stained with PE-
labelled anti-mouse Foxp3 and PerCP-CyTM 5.5-labelled anti-mouse
IL-17A. b The CD4TCD25"Foxp3™ Treg cell ratio in spleen was sig-
nificantly decreased in the Ad-TSHR289 mice when compared with

factor or important cytokine. In our study, we found that
both Treg cell proportion and expression of Foxp3 mRNA
decreased in contrast to the Control and Ad-Control mice.
Although the percentage of CD4IL-171 T cell in mice
spleen had no significant difference between groups,
the expression of IL-17 mRNA in spleen was higher in
Ad-TSHR289 group than in the Control and Ad-Control
groups.

Treg cells play an important role in the regulation of
immune response. It can maintain homoeostasis and pre-
vent autoimmune diseases. And it plays a leading role in
developing immune tolerance through active suppression.
Treg cells can be divided into three subtypes. They are nat-
ural Treg (nTreg) lymphocytes, CD69" Treg lymphocytes
and type 1 regulatory (Tr1) lymphocytes. Regulatory T cells

_{.

R A
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SEEE
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o

Control  Ad-Control Ad-TSHR289 Ad-Control Ad-TSHR289

the Control and the Ad-Control mice. ¢ The CD4*IL-17" T cell ratio
in spleen had no significant difference among the Ad-TSHR289, Con-
trol and Ad-Control groups. d The expression of Foxp3 mRNA was
significantly down-regulated in the Ad-TSHR289 group when com-
pared with the Control and the Ad-Control mice. e The expression
of IL-17 mRNA was significantly up-regulated in the Ad-TSHR289
group as compared with the Control and the Ad-Control mice. Signif-
icant differences: “Control versus Ad-TSHR289, *Ad-Control versus
Ad-TSHR289

with an identical phenotype of nTreg cells can be generated
in different places; thus, they have different names. They
are called tTreg (thymus-derived Treg), pTreg (periph-
eral differentiated Treg) and iTreg (generated in vitro).
The nTreg cells, including tTreg, pTreg and iTreg cells,
are differentiated in the milieu of TGF-B and IL-2, while
CD69" Treg and Trl cells are differentiated in the milieu
of IL-27 and IL-10, respectively. The nTreg cells express
Foxp3, while CD69" Treg and Trl cells do not. As the
Treg cells mainly expressing Foxp3 can suppress adaptive
T cell and prevent autoimmunity [26, 27], our study was
fixed on CD4TCD25"Foxp3™ Treg cells. Some researchers
have verified that deficiency in or dysfunction of Treg cell
can be a cause of autoimmune disease [28]. The reduction
in Treg cell or attenuation of its suppressive activity may
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elicit immunodeficiency. In Bossowski et al.’s report [29],
a significant decrease in CD41Foxp3™ and CD41TCD25
(high) T lymphocytes was found in untreated patients with
GD and Hashimoto’s thyroiditis as compared to the healthy
control subjects. Chaoming Mao found that the proportion
of CD4TCD25%Foxp3™ Treg cells in the peripheral blood
of untreated GD group is lower than the control donor
group [30]. In Saitoh and Nagayamas research [31], they
also found the depletion of CD47CD25" T cell aggra-
vated hyperthyroidism in mice GD models. Overall, the
changes of Treg cells in different researches were similar,
and our results were consistent with their conclusions. The
decreased proportion of CD4TCD25"Foxp3™ Treg cells
may reduce the suppression of immune response by four
mechanisms. Firstly, it can affect the function and matura-
tion of antigen-presenting cell (APC). Qureshi et al. [32]
found that CTLA-4 that expressed by Treg cells can lead
to physical removal of CD80 and CD86 from the APC cell
surface by trans-endocytosis and degradation. So the reduc-
tion of Treg cells can up-regulate the co-stimulatory mol-
ecules CD80 and CD86 and finally strengthen the immune
response. Secondly, target cell apoptosis will reduce
because of the diminishment of CD4"CD25"Foxp3™ Treg
cells. Cao et al. [33] documented that Treg cells used gran-
zyme B and perforin to suppress immune response against
tumours. So diminished CD41tCD25%Foxp3t Treg cells
will cause less apoptosis in effector T cell and aggravate
autoimmune diseases. Thirdly, the reduction of Treg cells
can reduce the anti-inflammatory cytokines. Fahlén [34],
Hara et al. [35] and Collison et al. [36] have reported
that TGF-B, IL-10 and IL-35 secreted by Treg cells play
an important role in control of immune response, respec-
tively. The reduction of CD4"CD25"Foxp3™ Treg cells
will lessen these anti-inflammatory cytokines and lead to
inflammation. Fourthly, a decline in Treg cells can disrupt
the metabolic pathway. In Deaglio S’ report [37], CD39
produced by Treg cell can catalyse the degradation of a pro-
inflammatory molecule, adenosine triphosphate (ATP). The
suppression of T cell proliferation in CD39 knockout mice
was reduced. In this way, diminished CD4TCD25Foxp3™"
Treg cells will reduce the production of CD39 and dis-
rupt the process of degradation of the ATP and aggravate
autoimmune diseases. Thus, it is probable that through the
mechanisms mentioned above, the absence of Treg cells
may lead immune responses in thyroid tissue.

However, the study on the change of Th17 cells in GD
remains controversial. Th17 cells are also differentiated
from naive CD4™ T cells but that depends on a different
local cytokine milieu. The differentiation of Th17 cells is
mainly induced by the participation of TGF-f and IL-6,
which activate transcription factors Smads and STATS3,
respectively, and induce the expression of the transcrip-
tion factor RORC2. IL-21 and IL-23 also participated
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in this process. IL-21 promotes this process in a positive
feedback manner and IL-23 makes Thl7 cells achieve
their full function [38]. Of note, Th17 cells exert a patho-
genic role when they require a further differentiation. Only
when they were exposed to IL-23, were they converted
into pathogenic or pro-inflammatory cells, synthesising
GM-CSF and IFN-y, which could damage the tissues in
different autoimmune diseases [38—43]. However, if they
were affected by TGF-8, they would convert into non-
pathogenic lymphocytes, which could be a defence against
bacteria and fungi. Zhou et al. [44] found that there was no
significant difference between the Ad-TSHR289 and Ad-
Control groups in terms of splenic Th17 cell number and
the expression of transcription factor RORct mRNA. They
attributed the pathogenesis of GD to the reduction of Treg
cells and the increased ratio of Th17/Treg. They believed
that the Th17 cell is not associated with the disease. In our
research, we also found that the percentage of CD4MTL-17"
T cell in mice spleen did not show a difference between
the Ad-Control and Ad-TSHR289 groups. However, the
expression of IL-17 mRNA in spleen increased in the Ad-
TSHR289 group. Many studies have proved that IL-17
plays an important role in autoimmune diseases. Komiy-
ama et al. [45] found that IL-17 played a crucial role in
the development of experimental autoimmune encepha-
lomyelitis. Nakae et al. [19] demonstrated that IL-17 was
responsible for the priming of collagen-specific T cells and
collagen-specific IgG2a production and it played a cru-
cial role in the development of collagen-induced arthritis.
Lubberts et al. [46] also proved that IL-17 contributed to
joint destruction in collagen-induced arthritis. In autoim-
mune thyroid diseases, IL-17 may also be a pathogenic
factor. In Kim et al. research [47], they found that patients
with Graves’ ophthalmopathy (GO) had high concentra-
tions and positive detection rates of serum IL-17 com-
pared with the Control group. The serum levels of IL-17
in active GO patients were higher than those in inactive
GO patients. Zheng et al. [48] found that the expression
of IL-17 mRNA and IL-17 protein levels was significantly
higher in GD and euthyroid GD patients as compared
with healthy people. Based on the studies above, IL-17
may be a pathogenesis in our mouse GD model, but how
to explain the inconsistency between the increased IL-17
and non-notably increased CD4TIL-17t T cell? Thl7
cells are not the only source for IL-17. It is also secreted
by 8T, natural killer T (NKT), CD8" T and lymph tis-
sue inducer cells [49]. Murine CD8™ T cells that produce
IL-17 after culture in medium from dendritic cells (DCs)
were exposed to Klebsiella pneumonia [50]. In the spleen
of IL-6 knockout mice, the IL-17 production when stimu-
lated with anti-CD3 and IL-23 originates largely from NKT
cells [51]. Sutton et al. [52] demonstrated that y3T cells are
an important source of innate IL-17 and play an important



J Endocrinol Invest (2017) 40:397-407

405

role in experimental autoimmune encephalomyelitis (EAE)
induction. Therefore, we may reasonably speculate that the
increased expression of IL-17 mRNA that plays an impor-
tant role in GD comes from the other IL-17-producing cells
but not Th17 cells. The increased IL-17 mRNA needs to be
explained by other mechanisms.

In conclusion, the pathogenesis of GD may be associ-
ated with reduced Treg cells and increased IL-17 gene
expression. The elevated IL-17 mRNA expression may not
be associated with Th17 cells but other IL-17-producing
cells.

There were certain limitations to our study. Firstly, if the
increased IL-17 was secreted by other T cells, where is the
source of this IL-17? We will further explore the origina-
tion of IL-17 in a mouse GD model. Secondly, recent stud-
ies have shown that IL-17 productions by y8 T cells and
NKT cells are independent of IL-6 [51, 53]. This process is
different from the development of Th17 cells. Some stud-
ies demonstrated that y38T cells constitutively express IL-
23R. IL-23 in combination with IL-1f can promote IL-17
expression by y3T cells in the absence of additional sig-
nals. So, further studies to detect the changes of IL-6 and
IL-23 in a mouse GD model are needed. Besides, as the
interchange of Treg and Th17 cells has been found [54],
the relationship of these two types of lymphocytes and the
conditions of interchange still need further study. We will
continue further research to fully elucidate the complex
immunological mechanisms of GD.
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