Cellular and Molecular Biology

Aosaciation
(Publicher

CM

E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org

Thyrotropin receptor autoantibody (TRADb) enhance the expression of thyrotropin
receptor on mouse brain vascular endothelial cells: in vivo and in vitro
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ARTICLE INFO ABSTRACT

Original paper The possibility that thyrotropin receptor (TSHR) expression in non-thyroid tissue is well-documented. Howe-
ver, there is insufficient data on the expression of TSHR in medulla oblongata regions, particularly when
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the expression of the functional TSHR in Graves' disease (GD) mouse cerebral vascular endothelial cells
and the effects of thyrotropin receptor autoantibody (TRAbD) on its expression. A mouse model of GD was
constructed with an adenovirus overexpressing TSHR289. The location and expression of the TSHR gene and
protein in vivo were determined via RT-qPCR, Western blot, and immunofluorescence techniques. The effect
of TRAD on the expression of functional TSHR in vitro was investigated using bEnd.3 cells. Our results show
that medulla oblongata vascular endothelial cells from GD mice expressed higher levels of TSHR compared
to control mice. In an in vitro experiment, novel results demonstrated that after treatment with a monoclonal
TSHR-specific agonistic antibody (M22), the expression of TSHR on the bEnd.3 cells increased at both the
protein and mRNA levels. Furthermore, compared with bEnd.3 cells were treated with IBMX only, those
treated with M22 showed increased cAMP production. This study suggested that TSHR is expressed and func-
tionally active in the mouse medulla oblongata and in vitro-cultured bEnd.3 cells and TRAb (M22) increased

the expression of TSHR on bEnd.3 cells.
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Introduction

Acute thyrotoxic myopathy (ATM) is also known as
acute hyperthyroidism bulbar paralysis, it is a rare, severe,
and rapidly progressive complication of hyperthyroidism,
which is characterized by weakness of the muscle groups
innervated by medulla oblongata (1). Although encephalo-
pathy associated with ATM has been described several
decades ago (2-5), due to the inaccessibility of the brain,
it is difficult to obtain corresponding brain samples at the
time of ATM onset, this association is still not well defi-
ned. Notably, Waldenstrom et al. 's autopsy findings indi-
cate that there was hemorrhage into the medulla oblongata
nerve nuclei and around the vagal nucleus in the bottom of
the fourth ventricle for 3 cases with ATM (6). Hyperthy-
roidism can potentially cause encephalopathy, according
to Chapman and Maloof (7). They discovered swelling of
oligodendroglia in the subcortical white matter after doing
a microscopic brain exam.

Graves' disease (GD) as the most common cause of
hyperthyroidism (8), thyrotropin receptor (TSHR) autoan-
tibodies (TRADs), is the main pathogenic autoimmune
antibodies, target TSHR, which is an important cause of
hyperthyroidism in GD (9-11). Besides, in addition to
being expressed in thyrocytes, TSHR is also expressed in
extra-thyroid organs, such as the anterior pituitary gland
and hypothalamus (12). We speculate that there is a com-
mon antigen in the medulla oblongata and thyroid tissue,
TSHR is a target of the cellular autoimmune response.

High concentrations of TRAbs in the blood of patients
with GD may affect the expression of TSHR in medulla
oblongata vascular endothelial cells and thyrotropin recep-
tor distribution in the brain may involved in the develop-
ment of bulbar dysfunction.

In this study, we established a TRAb-positive BALB/c
mouse model of GD with a TSHR-expressing adenovirus
to study the presence and cellular localization of TSHR
in the mouse medulla oblongata and used a monoclonal
TSHR-specific stimulating antibody (M22) to simulate
different concentrations of TRADbs in vitro to determine
whether and how different concentrations of TRAbs affect
the expression of TSHR on the surface of mouse brain
endothelial (bEnd.3) cells.

Materials and Methods

Mice

The Vital River Laboratory Animal Technology Co.,
Ltd. (Beijing, China) provided us with female BALB/c
mice aged 6 weeks. Protocols authorized by The Animal
Care and Welfare Committee of Guangxi Medical Univer-
sity (Guangxi, China) were adopted in all animal studies.
Throughout the research, mice were housed in specific
pathogen-free conditions.

Immunization of mice with a TSHR A-subunit-expres-
sing adenovirus
To induce the occurrence of GD, we used the adenovi-
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rus immunization method to inject mice with recombinant
adenovirus overexpressing the TSHR-A subunit (13). In
this study, all mice were divided into 3 groups, and the Ad-
Control group was used as a negative control. The mice in
the blank control group were intramuscularly (i.m.) injec-
ted with 100 pl of phosphate-buffered saline (PBS) (n=0),
those in the Ad-Control group were i.m. injected with
100 pl of PBS containing 5.7x10” PFU of Null-TSHR289
(n=6), and those in the GD group were i.m. injected with
100 pl of PBS containing 5.7x10” PFU of Ad-TSHR289
(n=6). The recombinant adenovirus expressing TSHR289
was constructed by Shanghai GeneChem Co., Ltd. Three
injections were given to each animal at three-week inter-
vals. The mice were sacrificed four weeks following their
final immunization, and their blood, medulla oblongata,
and thyroid tissues were collected for further testing.

Thyroid function test

We measured total thyroxine (TT,), free thyroxine
(FT,), and TRAD concentrations in the mouse serum with a
commercially available TT, and FT, radioimmunoassay kit
(Cisbio Bioassays, France) and a commercially available
TRAD kit (Cisbio Bioassays, France) with a radioimmu-
noassay ycounter (DFM-96, Zhongcheng Electromechani-
cal Technology Development Co., Ltd., Hefei, China). The
normal ranges of TT,, FT,, and TRAD concentrations were
defined as the mean £3 SD of Ad-Control mice (14).

Detection of TSHR on vascular endothelial cells of me-
dulla oblongata tissues by immunofluorescence
Gradient xylene was applied to remove the paraffin
from the medulla oblongata tissue sections, and then gra-
dient ethanol was used to dehydrate the tissue sections.
The endogenous peroxidase was blocked via 3% H,O,.
EDTA antigen retrieval buffer (pH 8.0) was employed to
denature the protein and release the antigen. The nonspe-
cific binding was sealed by 30 minutes of incubation with
3% BSA at room temperature. The primary antibody dilu-
tion was 1:100 for CD31 (Servicebio, China) and TSHR
(Biorbyt #0rb247628, UK), the slides were incubated
overnight at 4°C. For fluorescence labeling and colocaliza-
tion, the FITC-HRP and CY3-conjugated secondary anti-
bodies (Servicebio, China) were utilized. 4', 6-diamidino-
2-phenylindole was adopted to detect nuclei (DAPI). Mi-
croscopy detection and image acquisition were performed
by fluorescence microscopy (NIKON Eclipse Ti, Japan).
ImagelJ software version 1.8.0 was used to examine the de-
gree of TSHR colocalization on vascular endothelial cells.

Cell cultures

The bEnd.3 cells were obtained from China's Academy
of Sciences Type Culture Collection (Shanghai, China).
A Dulbecco's modified Eagle's medium (Gibco, USA)
containing 10% foetal bovine serum (Gibco, USA), 100
U/ml penicillin, and 100 g/ml streptomycin (Solarbio,
China) was used to raise bEnd.3 cells in this study. The
cultures were kept at 37°C in a humidified incubator with
5% CO, until the end of the experiment. When 3 cells
achieved 70% confluence, they were treated with M22
(RSR, #M22/FD/0.04, UK) at Ong/mL, Sng/mL, 10ng/mL
or 20ng/mL for 24 hours.

Western blotting
To extract total protein, RIPA lysis solution containing

protease and phosphatase inhibitors was used to lyse me-
dulla oblongata tissue and bEnd.3 cell samples for 30 mi-
nutes. Electrophoresis was used to separate equal amounts
of protein on 10% SDS-PAGE gels, which were then trans-
ferred to PVDF membranes (Millipore, USA). Anti-TSHR
antibody (Biorbyt, #orb247628, UK) was treated with the
membranes in Tris-buffered saline (TBST) mixed with
5% powdered milk or 5% bovine serum albumin before
being incubated with an appropriate secondary antibody.
GAPDH was used to normalize the results.

Real-time fluorescence quantitative PCR (RT-qPCR)

Total RNA was isolated with NucleoZOL RNA extrac-
tion reagent (MACHEREY-NAGEL, Germany) and re-
verse-transcribed into cDNA using a PrimeScriptTM RT
Master Mix kit (TAKARA, Japan) according to the ma-
nufacturer's instructions. RT-qPCR was carried out with
a TB Green® Premix Ex Taq™ II kit (TAKARA, Japan),
and an ABI7500 Prism real-time PCR equipment, and
software (Applied Biosystems, USA). The total reaction
volume of 20 pl included 500 ng of cDNA as the tem-
plate. Sangon Biotechnology Co., Ltd. produced primers
for GAPDH and TSHR with the following sequences (5'-
3": GAPDH, forward GGTTGTCTCCTGCGACTTCA,
reverse TGGTCCAGGGTTTCTTACTCC; and TSHR,
forward GGTCCCTGCTGCTGCTTGTTC, reverse
ACTCTGAAGTCGTCCTCCTGGTG. Stage 1: 95°C for
30 seconds; Stage 2: 95°C for 5 seconds and 60°C for 34
seconds (40 cycles); and Stage 3: 95°C for 15 seconds,
60°C for one minute, and 95°C for 15 seconds. To quan-
tify relative mRNA expression, the 244 technique was
utilized (15).

Detection of TSHR on bEnd.3 cells by immunofluores-
cence

BEnd.3 cells were grown for 24 hours in a confocal
dish (Biosharp, China). The cultures were kept at 37°C in
a humidified incubator containing 5% CO, until the bEnd.
3 cells were treated with M22 (RSR, #M22/FD/0.04, UK)
at concentrations of Ong/mL, 5Sng/mL, 10ng/mL, or 20ng/
mL for 24 hours after reaching 70% confluence on the top
plate of the culture flask. The cells were fixed with 4%
paraformaldehyde for 30 minutes, permeabilized in PBS
containing 0.1% Triton X-100 for 30 minutes, and then
incubated for 2 hours at room temperature in the dark with
phalloidin staining reagent (1:200). After blocking with
3% BSA for 30 minutes, the samples were incubated over-
night at 4°C with an anti-TSHR primary antibody (Biorbyt
#orb247662, UK). Instead of the primary antibody, nega-
tive control sections were treated in PBS. The cells were
then treated for 50 minutes at room temperature with a
1:400 dilution of goat anti-rabbit secondary antibody. The
nuclei were stained with DAPI for 10 minutes at room tem-
perature in the dark. After three washes with PBS, the cells
were sealed with mounting media for observation (Servi-
cebio, Wuhan, China). Pictures of cells were captured by
using confocal fluorescence microscopy (NIKON Eclipse
Ti, Japan). All pictures were obtained with the same inten-
sity and photodetector gain to enable quantitative compa-
risons of the relative levels of immunoreactivity between
samples.

Quantification of cAMP
BEnd.3 cells were seeded in a 6-well plate and grown to
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confluence. The cells were preincubated with 100 umol/l
IBMX (MedChemExpress #HY-12318, USA), an inhibi-
tor of cyclic AMP (cAMP) phosphodiesterase, for 1h and
then treated with 50 umol/I forskolin (MedChemExpress
#HY-15371, USA), an adenylyl cyclase activator, or Ong/
mL, 5ng/mL, 10ng/mL, or 20ng/mL M22 for 1 h. The
treated cells were lysed in 200 pl of lysis buffer (Solarbio
#R0010-100, China) containing 1:1000 phenylmethane-
sulfonyl fluoride (PMSF) for 10 minutes, after which they
were withdrawn from the culture plate and dissociated
using a pipette. The cAMP content of the supernatants was
determined using a cAMP ELISA kit (CloudClone #SE-
C419Hu, China) according to the manufacturer's instruc-
tions following centrifugation at 12000 rpm for 5 minutes.

Statistical analysis

Graphs were created using version 6.0 of the GraphPad
Prism software (GraphPad Software, Inc.). The findings
are provided as the mean standard deviation and were
analyzed with version 22.0 of the SPSS program (SPSS,
Inc.). To analyze differences between groups, a one-way
ANOVA was employed. p<0.05 was determined to be sta-
tistically significant.

Results

Female BALB/c mouse GD model induced by Ad-
TSHR289

There were no significant differences in serum TT,,
FT,, or TRAb levels between the Ad-Control and control
groups after female BALB/c mice were inoculated with
Ad-TSHR289. The levels of TT,, FT,, and TRADs in the
Ad-TSHR289 group were all increased than those in the
control group and were significantly higher than the mean
values in the Ad-Control group £3 SD (p<0.01) (Figure
1). The thyroid of mice in the Ad-TSHR289 group was
hyperaemic (Figure 2), compared to that of mice in the
control or Ad-Control groups. Haematoxylin and eosin
(HE) staining revealed that the thyroid gland of the Ad-
TSHR289 group mice shows diffuse hypercellularity and
follicles with uneven diameters when compared to nor-
mal tissue. Note that the colloid content in the follicular
cavity was reduced, the papillary folds protruded into the
follicular cavity in hyperplastic thyroid follicles, and no
lymphocyte infiltration was found (Figure 2). The size of
thyroid follicles in the control and Ad-Control groups was
uniform, the arrangement of cells was loose, the epithelial

) TT4 (ng/ml) TRAb (U/L)

150

® FT4 (pe/mi)
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Figure 1. Serum total thyroxine (TT4), free thyroxine(FT4) and
TRAD levels. TT4 (A), FT4(B) and TRAD (C) levels were measured
3 weeks after the last immunisation. BALB/c mice were injected with
PBS (Control), null adenovirus (Ad-Control), or Ad-TSHR289 ade-
novirus (Ad-TSHR289). The area below the horizontal lines indicates
the mean +3 SD of TT4, FT4 and TRAD values for 6 mice in the
Ad-Control group. Significant differences: *Control vs. Ad-TSHR289,
"Ad-Control vs. Ad-TSHR289.

cells in follicles were low cubic or flat, and the content of
colloids in follicles was abundant.

Expression of TSHR in the mouse medulla oblongata

To assess the expression of TSHR in the medulla
oblongata of mice, we used RT-qPCR and Western blot-
ting to detect the mRNA and protein expression of TSHR
in the medulla oblongata of mice in the control group, the
Ad-Control group, and the Ad-TSHR289 group. RT-qPCR
and Western blot data indicated that TSHR was expressed
normally in the medulla oblongata of all three groups. The
relative mRNA and protein expression of TSHR in the
medulla oblongata of the Ad-TSHR289 group was signi-
ficantly higher than that of the control group and the Ad-
Control group (p<0.01). (Figures 3 and 4).

Ad-TSHR289

Control

Ad-Control

Figure 2. The appearance of mice thyroid and histological exami-
nation of the thyroid (Stained by H&E, x200 magnification, Scale
bar=50um). Thyroid tissues in Ad-TSHR289 (C) were extremely
enlarged and congested than Control (A) and Ad-Control (B). Com-
pared with Control (D) and Ad-Control (E), Histological examination
revealed the proliferation of thyroid epithelial cells of Ad-TSHR289
(F) was significant, and there were obvious protuberances in the folli-
cular cavity, and the pink colloid was reduced.
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Figure 3. Medulla oblongata from GD (Ad-TSHR289) mice express
higher levels of TSHR mRNA, compared to Control and Ad-Control
groups. MRNA expression levels of TSHR were detected by real-
time reverse transcription-polymerase chain reaction. Results are
expressed as means £SD. Data were analysed by one-way ANOVA
for multiple comparisons. ** p<0.01, vs. Control group. ## p<0.01,

vs. Ad-Control group.
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Figure 4. Medulla oblongata from GD(Ad-TSHR289) mice express
higher levels of TSHR protein, compared to Control and Ad-Control
groups. Protein expression levels of TSHR were detected by Western
blotting. Results are expressed as means = SD. Data were analysed by
one-way ANOVA for multiple comparisons. ** p<0.01, vs. Control

group. ## p<0.01, vs. Ad-Control group.

Fluorescence colocalization of TSHR in vascular endo-
thelial cells in the mouse medulla oblongata

To further clarify the distribution of TSHR in vascu-
lar endothelial cells in the mouse medulla oblongata, we
used an immunofluorescence homologous double-label-
ling experiment to examine the expression of TSHR in
vascular endothelial cells in the mouse medulla oblon-
gata. CD31 was used as a vascular endothelial marker,
the results showed that TSHR-CY3 red staining could be
detected in many (but not all) CD31-positive cells in the
medulla oblongata in the control group, Ad-Control group
and Ad-TSHR289 group, indicating the expression of the
TSHR protein in medulla oblongata vascular endothelial
cells. The expression of TSHR in the medulla oblongata
was increased in the Ad-TSHR289 group compared with
the control group and Ad-Control group (Figure 5). Fur-
thermore, the results of the homologous double-labelling
experiment were analysed by using Image J software to
evaluate the degree of colocalization between TSHR and
CD31. The white area was identified as the colocaliza-
tion overlap region between CD31-positive vascular en-
dothelial cells (FITC, green) and TSHR (CY3, red). The
results showed that the area of colocalization overlap for
green and red signals in the medulla oblongata in the Ad-
TSHR289 group was significantly higher than that in the
control group and Ad-Control group, indicating that the
expression of TSHR in the medulla oblongata vascular
endothelial cells in GD mice was upregulated (Figure 5).

M22 enhances TSHR expression on the surface of
bEnd.3 cells

To confirm whether the difference in TSHR expression
on vascular endothelial cells in the medulla oblongata is
related to TRAbs, we used 4 different concentrations of
M22 to simulate the effect of thyroid-stimulating autoan-
tibodies on bEnd.3 cells in vitro. The mRNA and protein

expression of TSHR in bEnd.3 cells in the different groups
were detected by RT-qPCR, Western blot and immuno-
fluorescence assays. The results of the RT-qPCR and Wes-
tern blot experiments showed that TSHR was normally
expressed in the 4 groups of bEnd.3 cells were treated with
different concentrations. Compared with that in the Ong/
mL group, the relative mRNA and protein expression of
TSHR in the bEnd.3 cell groups treated with M22 were
significantly higher (p<0.01) (Figures 6 and 7). In the cell
immunofluorescence staining experiment, except for in
the negative control group, the distribution of green fluo-
rescence on the cell surface could be seen on bEnd.3 cells
were treated with an anti-TSHR primary antibody and a
FITC-labelled second antibody. The green signal inten-
sity on the surface of bEnd.3 cells gradually increased
with increasing M22 concentrations in the culture medium
(Figure 8), indicating that M22 could promote the expres-
sion of TSHR on the surface of bEnd.3 cells in vitro and
the promotive effect was related to the increase in M22
concentration.

Detection of the functional activity of TSHR of bEnd.3
cells

Because TSHR can stimulate cAMP production by
activating adenylate cyclase after being activated by its
ligand, we used an ELISA method to detect the change in
the cAMP content of bEnd.3 cells were stimulated with
different concentrations of M22 to evaluate the functional
activity of TSHR. As shown in Figure 9, compared with
that in the control group, the intracellular cAMP content in
cells in the M22 treatment groups was increased by 1.28,
1.69 and 2.38 times (p<0.01). However, the production of
cAMP in cells treated with IBMX only was slightly in-
creased, and there was no significant difference between
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Control Ad-Control Ad-TSHR289

Figure 5. Immunofluorescence double staining of mice' medulla
oblongata using antibodies against CD31 (FITC, green) and TSHR
(CY3, red). The white area was identified as the colocalization over-
lap region between CD31-positive vascular endothelial cells and
TSHR. Colocalization of CD31 and TSHR was observed in the me-
dulla oblongata samples in the control group, Ad-Control group and
Ad-TSHR289 group (D). The expression of TSHR in the vascular
endothelial cells was increased in the medulla oblongata of the Ad-
TSHR289 group compared with the control group and Ad-Control
group (E). (X600 magnification; Scale bar=20um).
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Figure 6. Treatment with M22 enhances the expression of TSHR at
the mRNA level in bEnd.3 cells. The cells were treated with M22
for 24 h at the indicated concentration. The mRNA levels of TSHR
were analyzed by real-time reverse transcription-polymerase chain
reaction. Results are expressed as means + SD. Data were analysed by
one-way ANOVA for multiple comparisons. * p < 0.05, vs. Control
group. ** p <0.01, vs. Ad-Control group.
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Figure 7. Treatment with M22 enhances the expression of TSHR at
the protein level in bEnd.3 cells. The cells were treated with M22 for
24 h at the indicated concentration. The protein levels of TSHR were
analyzed by western blotting. Results are expressed as means + SD.
Data were analysed by one-way ANOVA for multiple comparisons. *
p < 0.05, vs. Control group. ** p <0.01, vs. Ad-Control group.

the IBMX only and control groups (p>0.05). Additionally,
the results of multiple comparisons among the 5ng/mL
M22 group, 10ng/mL M22 group and 20ng/mL M22 group
showed that there were significant differences in the intra-
cellular cAMP content among the three groups. The above
results demonstrated that M22 enhanced the concentration
of cAMP in bEnd.3 cells dose-dependently.

Discussion

TSHR is a key factor in the regulation of thyroid func-
tion and belongs to the G protein-coupled receptor super-
family, which is mainly distributed on the membrane of
thyroid follicular epithelial cells (16-18). Under physio-
logical and pathological conditions, ligands such as TSH
and TRADs bind to the extracellular region of TSHR on
the surface of thyroid cells, and molecular signals are
transmitted to downstream effectors through the hinge and
transmembrane regions, thus regulating the proliferation

IHSL urprofetyq 1dva

o8I

M22 M22
Ong/mL Sng/mL

Negative

10ng/mL 20ng/mL control

Figure 8. Treatment with M22 enhances the expression of TSHR on
the surface of bEnd.3 cells. The cells were treated with M22 for 24
h at the indicated concentration. The level of expression of TSHR on
the surface of bEnd.3 cells were determined by immunofluorescence.
(x600 magnification; Scale bar=20um).
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Figure 9. Treatment with M22 enhances the cAMP production in
bEnd.3 cells. BEnd.3 cells were pretreated with 100 umol/L IBMX,
for 1 h and then treated with forskolin, an adenylyl cyclase activator,
or Ong/mL, Sng/mL, 10ng/mL, or 20ng/mL M22 for 1 h. The level of
cAMP was measured using a cAMP ELISA kit. **p<0.01, vs. control
group. ## p<0.01, vs. Sng/mL group. AAp<0.01 vs. 10ng/mL group.
There was no significant difference between the IBMX only and
control groups (p>0.05). Data are expressed as the mean + SEM of

six different groups.
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of thyroid follicular epithelial cells and the synthesis and
secretion of thyroid hormones (19). As an important thy-
roid-specific susceptibility gene associated with GD (20),
Since it was first cloned in 1989 (21), the structure and
function of the TSHR gene and protein have been deeply
studied and reported. Although the main role of TSHR is
the regulation of thyroid function, its expression is not
limited to the thyroid (12). Osteocytes (22), hepatocytes
(23), adipocytes (24), retroocular fibroblasts (25), and the
central nervous system (26-29) are among the non-thyroid
tissues where TSHR is abundantly expressed. These stu-
dies discussed and expounded the roles and functions of
TSHR in specific tissues and cells of the central nervous
system, as well as the associations between the expression
of TSHR and the occurrence and development of related
diseases, from multiple angles. However, to date, data on
the expression and functional characteristics of TSHR in
medulla oblongata vascular tissue have not been repor-
ted. In this study, we used fluorescence quantitative RT-
qPCR, Western blot and immunofluorescence techniques
to confirm the expression of TSHR in the local medulla
oblongata and cerebral vascular endothelial cells at the
mRNA or protein level. Therefore, our results provide
more complete evidence for the expression and distribu-
tion of TSHR in non-thyroid tissues of mice, especially
in the medulla oblongata in the central nervous system.
In addition, the ELISA results showed that the TSHR pro-
tein expressed in bEnd.3 cells could be recognized by M22
and subsequently increase the level of intracellular cAMP,
which confirmed that bEnd.3 cells expressed functional
TSHR. This finding makes it possible to further explore
the factors related to autoimmune thyroid diseases, espe-
cially the involvement of TRADs in the regulation of cere-
brovascular endothelial cell function.

Interestingly, our in vivo and in vitro results showed
not only that TSHR was expressed in the mouse medulla
oblongata and cerebrovascular endothelial cells but also
that the expression of TSHR in cerebrovascular endothelial
cells seemed to be affected by TRAbs. A dose-dependent
uptick in mRNA and protein expression of the thyroid-
stimulating antibodies (TSAbs) was observed when they
were added to cells from patients with hypothyroidism
(bEnd3.3). Similar to our results, Jang et al. (30) showed
that high-dose M22 could upregulate the gene expression
of TSHR in human primary thyroid cells, showing a ty-
pical monophasic dose-response curve. This study noted
that although TSAbs and TSH are both ligands of TSHR,
they can continuously activate TSHR on thyroid cells to
induce sustained secretion of thyroid hormones. However,
as a physiological regulator of TSHR activation, TSH is
essentially different from pathophysiological stimulatory
TSAbs. Therefore, in the regulation of TSHR expression,
TSH shows a self-inhibitory protective mechanism against
overstimulation of thyroid hormones, while TSAbs have
the opposite effect. At present, it is not clear why TSAbs
or M22 promotes increased expression of TSHR in our
study. However, TSHR expression in the thyroid gland is
regulated by TSH, and this has been documented (31). In
addition, thyroid transcription factor-1 (TTF-1) can regu-
late the expression of TSHR by binding to the smallest
promoter of the TSHR gene and transactivating this pro-
moter to realize its biological function (32). Because TTF-
1 plays an important role in brain development (33,34),
TTF-1 may be involved in the regulation of TSHR expres-

sion in cerebrovascular endothelial cells. But, the regula-
tory mechanism of TSHR expression needs to be further
investigated.

Furthermore, it is worth paying attention to whether
the expression of TSHR in a brain region increases or de-
creases, and the effects of a change in TSHR expression
on normal brain development, the maintenance of brain
function (35-37), and even the integrity of the blood-brain
barrier during some neuropathological diseases (38) have
been reported. Furthermore, after TSAbs attach to the ex-
tracellular domain of TSHR in thyroid cells, they continue
to stimulate the TSHR downstream signaling pathway,
which can have a variety of physiologic effects (39,40).
Considering that TRAbs are an important pathogenic fac-
tor in the blood circulation of ATM patients, combined
with the correlations between the clinical characteristics
of ATM and medulla oblongata lesions mentioned earlier
(6,7), the combination of the high concentration of TR-
Abs and upregulated TSHR expression in ATM patients
may indicate important neuropathological interactions in
medulla oblongata tissue, especially in medulla oblongata
paralysis.

Taken together, our findings show that TRADs increase
the expression of functional TSHR on the surface of me-
dulla oblongata vascular endothelial cells in vivo and in
vitro, in addition to confirming the expression of TSHR in
the medulla oblongata and vascular endothelial cells of the
brain. The results presented here offer new clues for the
study of the mechanism of medulla oblongata dysfunction
in ATM.
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