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Abstract

Objectives: Experimental models of Graves hyperthyroid
disease accompanied by Graves orbitopathy (GO) can be ef-
ficiently induced in susceptible inbred strains of mice by im-
munization by electroporation of heterologous human TSH
receptor (TSHR) A-subunit plasmid. The interrelated patho-
logical findings in the thyroid glands of Graves disease (GD)
that explain the core changes classically include diffuse fol-
licular hyperplasia and multifocal mild lymphocytic infil-
trate. However, the relative contributions of different thyroid
tissue components (colloid, follicular cells, and stroma) have
not been previously evaluated. In this study, we characterize
the thyroid gland of an experimental mouse model of auto-
immune GD. Our objective was to define the relative contri-
bution of the different thyroid tissue components to the pa-
thology of glands in the experimental model. Methods: Mice
were immunized with human TSHR A-subunit plasmid. Anti-
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bodies induced to human TSHR were pathogenicin vivo due
to their cross-reactivity to mouse TSHR. Results: Autoim-
mune thyroid disease in the model was characterized by his-
topathology of hyperplastic glands with large follicular cells.
Further examination of thyroid glands of immunized ani-
mals revealed a significantly increased follicular area and
follicle/stroma ratio, morphometrically correlated with a
noninflammatory follicular hyperplasia/hypertrophy. The
increased follicle/stroma ratio was the most relevant mor-
phometrically variable summarizing the pathological chang-
es for screening purposes. Conclusion: GD thyroid glands
are enlarged and characterized by a noninflammatory dif-
fuse follicular cell hyperplasia/hypertrophy and a significant
increase in the follicles with an increased follicle/stroma ra-
tio. Overall, this mouse model is a faithful model of an early
hyperthyroid status of GD (diffuse glandular involvement

and follicular expansion). © 2018 European Thyroid Association
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Introduction

Graves disease (GD) is caused by autoantibodies that
induce hyperthyroidism by mimicking the action of TSH
and activating the TSH receptor (TSHR). The defining
component of hyperthyroidism is thyroid follicular hy-
perplasia secondary to TSHR stimulation, that, together
with additional findings (ophthalmopathy, dermopathy),
constitutes the typical clinical triad of GD pathology [1-
4]. Because of human diversity as well as distinct ethical
limitations, syngeneic animal models of hyperplastic and
autoimmune diseases are invaluable investigative tools
for complex pathological conditions such as GD and au-
toimmune thyroiditis [5-7]. We have recently reported
the development of a robust and reproducible model of
experimental GD that also develops the complication of
Graves orbitopathy (GO) in female BALB/c mice due to
immunization by electroporation with plasmid encoding
heterologous human TSHR ectodomain (human TSHR
A-subunit) [8, 9], but did not describe the thyroid pathol-
ogy in detail.

The thyroid conditions GD and Hashimoto thyroiditis
(hypothyroidism) span two extremes of autoimmune dis-
orders, and not surprisingly share many underlying te-
nets. Although such thyroid-stimulating autoantibodies
are pathognomonic of GD, autoantibodies to thyroid per-
oxidase (TPO) and thyroglobulin (Tg) are also present [1,
10]. Moreover, some GD patients have mild lymphocytic
thyroiditis. In some instances, thyroiditis in GD becomes
sufficiently extensive as to cure the hyperthyroidism with
resultant hypothyroidism. Thyroid-stimulating antibod-
ies, the proximal cause of Graves hyperthyroidism, arise
from the breakdown in self-tolerance to the TSHR [11].
The pathophysiological relationship between TSHR,
TPO, and Tg autoantibodies remains an enigma, and it is
unknown whether TSHR or the other autoantigens are
associated with the lymphocytic infiltration in GD [12-
15]. The crucial role of anti-TSHR antibodies in the
pathogenesis of hyperthyroidism is supported by animal
models of GD. The autoantigen that drives the immune
response in GD is not the full-length TSHR, but the A-
subunit, an ectodomain component that is shed after in-
tramolecular cleavage of the receptor [16]. Genetic im-
munization of female inbred mice by electroporation
with plasmid encoding human TSHR A-subunit cDNA,
or indeed autologous mouse TSHR A-subunit, results in
the generation of pathogenic cross-reactive antibodies
that cause thyroid stimulation, thyroid enlargement with
lymphocytic infiltration, elevated thyroxine levels, and in
a subset of mice, ocular signs reminiscent of GO [12, 13,
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17]. Additionally, the GD histopathological changes are
heterogeneous and subtle in many cases, including a mix-
ture of the initial hyperplastic reaction, along with the
changes induced by the presurgical therapeutic interven-
tion (e.g., Lugol) or antithyroid drug therapy.

In human GD, the thyroid gland pathology is difficult
to determine in early stages of disease due to lack of avail-
ability of the gland. An understanding of thyroid pathol-
ogy and contributing components in early disease stages
will help to define relevant mechanisms through which
the cascade of thyroid follicular hyperplasia sets in the
condition. Moreover, the relative contribution of differ-
ent thyroid tissue components (colloid, follicular cells,
and stroma) in thyroid pathology has not been previous-
ly evaluated, and hence the mechanisms remain un-
known. In this study, we used the experimental mouse
model of GD to study the thyroid tissue components and
their contribution to the pathology of thyroid glands in
early-stage disease.

Methods

Induction of Experimental GD

A total number of 31 female BALB/c mice were bred and
housed in a specific pathogen-free environment in animal care fa-
cilities at University Hospital Essen. Investigations involving ani-
mals have been approved by the institutional ethics animal com-
mittee of North Rhine Westphalia State Agency for Nature, Envi-
ronment and Consumer Protection, Germany. At the age of 6-8
weeks, the mice were immunized with intramuscular injection and
electroporation of 50 pg (1 mg/mL) plasmid into each biceps fem-
oris muscle 4 times every 3 weeks [8, 9, 17]; 14 animals were im-
munized with pTRiEx1.1 human TSHR A-subunit plasmid and 17
animals with control 3-Gal plasmid (Ctrl). Six weeks after the end
of immunization, the mice were sacrificed, and serum was col-
lected and stored at —-80 °C. In light of observing regulations for
animal studies on 3Rs (replacement, reduction, refinement), the
group of TSHR-immunized female animals (n = 14) was an ex-
periment that was running concurrently with another group of
immune animals for a different study. Hence, the results of this
female group were also used in data analysis for a different study
dealing with the influence of gender in a GD/GO model (submit-
ted for publication).

Serological Parameters

Anti-TSHR antibodies were measured in serum as TSH bind-
ing inhibiting immunoglobulins using commercial TRAK kits
(BRAHMS Thermo Fisher). The total T, level was analyzed in the
sera by ELISA following the suppliers’ instructions (total Ty
ELISA; DRG, Springfield, NJ, USA).

Thyroid Pathology

Microsurgical excised thyroid glands were fixed in buffered
formalin and embedded in paraffin. Serial sections (1 um) from the
middle region of the thyroid were stained using hematoxylin-eo-
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sin. Sections were scored blindly by an experienced observer as
normal, hypoactive, and hyperactive state, referenced to the cor-
responding control group (equal to, below, and above matched
animals). These histological categories try to set the baseline for the
model in three groups of early stages of disease without any pre-
conception regarding the findings.

Cell Profiler Analyses

Thyroid gland sections were analyzed using Cell Profiler
(Broad Institute of Harvard, MIT). Images were generated using
an Olympus BX51 microscope (Fig. 1). Cell Profiler allows a stan-
dardized interactive exploration and analysis of data. A pipeline
was programmed to analyze thyroid tissue in the following way
(measured tissue is shown in Table 1): first, the whole tissue was
detected, and the blank area was excluded from the following mea-
surements. The total area of the thyroid gland was measured
(mm?). Next, a nucleus mask was created by a threshold, and the
number of nuclei was counted. For the following procedure, the
nuclei were subtracted from the thyroid tissue, and connective tis-
sue was suppressed by a suppression filter. Follicles (as well as nu-
clei) very close to each other or even attached were separated by
shape and intensity water shedding method. Subsequently, struc-
tures of thyroid follicle were identified and quantified in area and
number.

« Numbers of follicles were counted
« Area of colloid of the follicles was measured (um?)
o Stromal tissue was measured (um?)

Our morphometric approach identified the two main tissue
components: follicular parenchymatous and stromal-vascular tis-
sue. It also counted the number of follicular structures to identify
the average follicular area. The number of follicles and the follicu-
lar area provide an accurate and straightforward morphological
estimate of the functional gland.

Statistical Analyses

Data were statistically analyzed with GraphPad Prism Software
(San Diego, CA, USA). The level of significance was set at p < 0.05.
Statistical analyses were carried out with two-tailed Student # tests
with a confidence level greater than 95%. Data are presented as
arithmetic mean + SEM. p values are marked with stars represent-
ing * p <0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001.

Results

Serum Parameter

Total T4 concentration in serum was significantly high-
er in TSHR-immunized mice than in control mice, and
hence the animals were classified as hyperthyroid (7/14)
(p £0.05) (online suppl. Fig. 1A; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000488079).
Evaluation of serum for anti-TSHR antibodies showed all
TSHR-immunized animals to be positive for TSH binding
inhibitory immunoglobulins, while none of the control
animals were positive (online suppl. Fig. 1B).

Follicular Hypertrophy/Hyperplasia of
GD: Morphometric Evaluation

Table 1. An overview of the analyzed data

Analyzed tissue

Total area

Follicular area

Number of follicles

Number of nuclei = number of cells
Stroma

The total area of the thyroid was measured, the follicular area
was measured by the colloid area, numbers of follicles were
counted, numbers of nuclei were counted to analyze how many
cells were found in the thyroid, and the area of the stroma was
measured.

Thyroid Histology in GD Mice

TSHR-immunized animals showed predominantly
hyperplastic thyroids characterized by cuboid cylindri-
cal follicular cells with a small amount of colloid (9/14
animals = 64%). Only a few animals showed only one
gland with hypothyroid features characterized by thin
follicles (1/14 animals = 7%). Overall, 3 out of 9 hyper-
plastic animals (21% of all TSHR-immunized mice)
showed minor changes which could indicate different
disease degrees, whereas 6 out of 9 hyperplastic thyroids
showed significant changes (43%). The remaining thy-
roid glands (n = 4, 29%) from immunized animals
showed no histological abnormalities, similar to control
3-galactosidase (£3-Gal)-immunized animals that were
all scored as normal. The vascular component of the
stroma was not significantly expanded in the routine his-
tological evaluation.

Total Area of Thyroid Glands

Thyroid glands were analyzed objectively with Cell
Profiler as described in Methods. The total area of thyroid
glands was measured for each case in the middle area of
serially sectioned organs (Fig. 1). For control {3-Gal mice,
a mean area of 1.2 mm?2 was measured, while TSHR-im-
munized mice had an increased mean size of 1.9 mm?
(p < 0.0001) (Fig. 2a).

Follicular Cells

The total number of follicle cell nuclei was comparable
in both groups (Fig. 2b), while the number of nuclei per
area (mm?) was significantly reduced (p < 0.01) in TSHR-
immunized mice in comparison to control mice (Fig. 2c).
This finding suggests that the average follicular cell area
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Fig. 1. Technical procedure of Cell Profiler and examples of both
groups. Cell Profiler allows a standardized interactive exploration
and analysis of data. a A Cell Profiler pipeline was programmed to
analyze thyroid tissue in the following way: images were generated
from each lobe using an Olympus BX51 microscope (100x magni-
fication). Whole tissue was detected and the blank area, as well as
fat tissue, was excluded from the following measurements. b Fol-
licles (as well as nuclei) very close to each other or even attached
were separated by the shape and intensity water shedding method.
Subsequently, structures of thyroid follicle were identified and
quantified in area and number. Numbers of follicles were counted.

was increased in thyroid glands of the TSHR-immunized
mice undergoing experimental GD.

Follicular Area

The total number of follicles was similar in both groups
(Fig. 3a) while the number of follicles per area (mm?) was
more extensive in control mice (Fig. 3b). TSHR mice had
significantly fewer follicles per area (p < 0.0001), which
suggests that the follicles were enlarged in TSHR-immu-
nized mice, as seen in Figure 3c. Measuring the follicular
area (um?) and determining the mean showed that TSHR-
immunized mice had statistically significantly enlarged
follicles (p < 0.0001). The mean follicular areas (MFA) of
control mice was very similar to each other while that of
TSHR-immunized mice had a significant dispersion,
which supports the blind scoring of supposed different
disease degrees. Analyzing MFA and the number of fol-
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¢ The nuclei were subtracted from the thyroid tissue, and connec-
tive tissue was suppressed by a suppression filter. A nucleus mask
was created by a threshold and counted the number of nuclei.
d The total area of the thyroid was measured (mm?). e, f Images
with one thyroid lobe from 83-Gal control (e) and human TSHR
A-subunit-immunized mice (f) with their particular water shed-
ding methods. In this overview, it can be seen that the area of the
thyroid in TSHR-immunized mice is more prominent than that in
the $3-Gal control sample. Follicles are increased. Scale bars, 200
pm. Magnification, x100.

licles in TSHR-immunized mice showed significantly
higher MFA per follicle (Fig. 3d).

Distribution of Follicles and Stroma, and Ratio

To analyze the proportion of follicular tissue and stro-
mal tissue the total area of follicles and the stromal area
were measured (in pm?). Scores of the area of all follicles
(Fig. 4a) and stroma (Fig. 4b) per total thyroid gland sec-
tion were calculated. While the follicular area was in-
creased in TSHR-immunized mice (p < 0.01), the stromal
tissue was dominant in control mice (p < 0.01). The ratio
of follicular area to stromal area was summarized in fol-
licle/stroma scores (Fig. 4c) and was statistically signifi-
cantly increased in TSHR mice in comparison to control
mice (p < 0.01).
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Fig. 2. Total area and number of cells. a Sections of 1 um were cut,
and slices of the middle area of the thyroid were stained using hema-
toxylin-eosin. The total area of thyroid tissue was measured in mm?.
TSHR-immunized mice (Graves disease, GD) showed a significantly
increased area of thyroid in comparison to control 3-Gal mice (Ctrl).

Fig. 3. Follicle analysis. a The total number
of follicles was counted and showed no sig-
nificant difference between the two groups
(Graves disease, GD; control, Ctrl). b The
number of follicles normalized to the total
area was analyzed. TSHR-immunized mice
showed statistically significantly fewer
numbers of follicles per area, which led to
the conclusion that the follicles were in-
creased. **** p < 0.001. ¢ The mean follicu-
lar area was measured and analyzed. GD
mice showed significantly increased follicle
areas in comparison to £3-Gal control.
#HR* p < 0.001. d Building a score of the
mean follicular area (MFA) per number of
follicles, GD mice showed a statistically sig-
nificant higher score and enlarged follicu-
lar areas. **** p < 0.001.

Follicular Hypertrophy/Hyperplasia of
GD: Morphometric Evaluation

b The total number of nuclei was counted and showed no significant
difference between the two groups. ¢ The number of nuclei per area
was measured and showed a higher number of nuclei in 3-Gal con-
trol mice, which revealed that cells in TSHR-immunized mice seem
to be more substantial because there are fewer nuclei in a larger area.
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Fig. 4. Distribution of follicles and stroma. a The area of the follicle
per total area was analyzed. Graves disease (GD) mice showed a
significantly higher percentage of follicle area per total area in
comparison to $3-Gal control mice (Ctrl). ** p < 0.01. b On the
other hand, the percentage area of stroma was significantly more

abundant in control mice than in GD mice. ** p < 0.01. ¢ Building
a score of follicles per stroma to analyze the relation of follicle area
and stroma, GD mice showed a statistically significant higher ratio
of follicle than stromal tissue. ** p < 0.01.
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Fig. 5. Total disease Z-score. Results were summarized in a Z-Score
to create a total thyroid disease score. The Z-score implicates the
total area of thyroid, mean follicular area, and follicle/stroma
score. a Overview of the results of the two groups (Graves disease,
GD; control, Ctrl): the Z-score shows a statistically significant dif-
ference between the two groups. **** p < 0.0001. b Detailed view

Total Disease Score

To summarize the results, a Z-score was built to dem-
onstrate the shaping of the total histological thyroid dis-
ease (Fig. 5). The Z-score implicates a total area of the
thyroid, MFA, and follicle/stromal score. The Z-score
showed a statistically significant (p < 0.0001) difference
between the two groups. All control mice showed a score
<0, as well as 14% (2/14) of human TSHR-immunized

6 Eur Thyroid |
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of the Z-score of the individual animals: control £3-Gal mice all
showed a score <0, as well as 2 of the TSHR-immunized mice
(14%); 8 of the TSHR-immunized mice showed a moderate score
of 0-1 (57%), while 4 (29%) were scored >1 (severe disease). The
objective analysis showed no diseased $3-Gal control thyroids.

mice; 57% (8/14) of TSHR-immunized mice showed a
moderate score of 0-1, while 29% (4/14) were scored >1
(severe disease). The objective analysis showed no dis-
eased control thyroids, as did as the aforementioned blind
scoring. From 14 TSHR-immunized thyroid glands, the
morphometric analysis revealed disease in 86% while the
blind morphological evaluation demonstrated pathology
in 71% (64% hyperplastic, 7% hypoplastic).
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Discussion

We describe a detailed analysis of the pathology of the
thyroid gland in a mouse model of experimental GD [8,
9]. The disease was characterized by all features of GD
such as increased serum levels of total T and the produc-
tion of antibodies to TSHR. Moreover, the model was also
accompanied by GO. The thyroid glands of the animals
undergoing experimental GD were enlarged with typical
signs of hyperthyroidism. We utilized the powerful tech-
nique of morphometric analysis using Cell Profiler to an-
alyze in detail the histopathology of the hyperthyroidism
in the induced animal model. To our knowledge, such
detailed analysis of thyroid gland histopathology and
morphometric analysis of the gland in an induced animal
model of GD has not been reported previously.

We show that the thyroid glands in animals undergo-
ing experimental GD closely reproduce the early changes
of human thyroid pathology present in human GD pa-
tients [18, 19]. The thyroid glands of GD patients are dif-
tusely involved by follicular expansion and fundamen-
tally no stromal changes. The thyroid glands in the mouse
model reveal a noninflammatory diffuse follicular cell hy-
perplasia and hypertrophy that was supported by a sig-
nificant increase of the follicular area of enlarged thyroid
glands with increased follicle/stroma ratio. In general
terms, hypertrophy refers to an increase in the size of
cells, increasing the size of the organ, while hyperplasia is
an increase in the number of cells in an organ or tissue,
usually resulting in an increased mass of the organ or tis-
sue. Although hyperplasia and hypertrophy are distinct
processes, they frequently occur together, and they may
be triggered by the same external stimulus such as stimu-
lation by hormones and growth factors. The total glandu-
lar area was significantly increased in mouse GD glands,
as well as the MFA. A previous study has revealed that
primarily colloid-rich goiters may form in the presence of
continuously higher than normal thyrotropin levels with-
out a previous stage of follicular hyperplasia [20]. Our
morphometric analysis highlights this aspect and proves
that the accumulation of colloid is compatible with in-
tense TSHR stimulation.

Thyroid follicular cells are capable of cell division and
respond to stress or external signals (including TSHR an-
tibodies) by undergoing hyperplasia and hypertrophy.
GD follicular hyperplasia is the result of TSHR-driven
proliferation of mature follicular cells by the autoanti-
bodies without any histological evidence of tissue dam-
age. This element represents an essential difference with
Hashimoto thyroiditis (the other end of autoimmune

Follicular Hypertrophy/Hyperplasia of
GD: Morphometric Evaluation

thyroid disease). The hypertrophic component of this re-
action pattern supports a morphofunctional activation of
the follicular cells targeted by TSHR antibodies in the
model. Our finding of an increase in follicle/stroma ratio
in GD glands emphasizes a pathology dominated by fol-
licular epithelial expansion with a minimal interstitial re-
sponse. This approach also identifies the colloid storage
hyperfunction status. In the absence of tissue injury and
inflammation, the integrity of the extracellular matrix is
a central factor to explain the diffuse hyperplastic reac-
tion observed in GD. If tissue injury is severe or chronic
and results in damage to both parenchymal cells and the
stromal framework of the tissue, healing cannot be ac-
complished by regeneration. Under these conditions, the
primary healing process is repaired by deposition of col-
lagen and other extracellular matrix components, causing
a variable degree of fibrosis and, sometimes, neoplastic
transformation [21]. The morphometric evaluation of
area/volume is the most sensitive quantitative method to
assess the expansion of follicular cells. All these histolog-
ical findings can be observed in Hashimoto thyroiditis
and were absent in our GD model. Tissues with low pro-
liferation reveal a highly variable response to external
stimuli and their expansion is dominated by blocking
apoptosis [21, 22]. The quantitation of these aspects re-
sults in highly overlapping groups without statistical dif-
ferences. The thyroid follicular epithelium has a low cel-
lular turnover, even after stimulation by goitrogenic
agents [23, 24]. This finding assesses follicular cell prolif-
eration as an unreliable variable to determine the follicu-
lar expansion due to the high standard deviation associ-
ated with topographically heterogeneous events. For this
reason, the best option for this analysis is the determina-
tion of the follicular area related to the hypertrophic re-
sponse, in concordance with the evidence that the accu-
mulation of colloid is also an expression of intense TSHR
stimulation [20].

Heterogeneity of GD thyroid in human pathology is
well known and comprises a mixed initial hyperplastic
reaction along with changes induced by the presurgical
therapeutic intervention (i.e., Lugol) or antithyroid drug
therapy. An increased proportion of active-like follicles,
enlarged follicular cells, and the presence of papillae are
all expressions of follicular expansion — by no means re-
quirements for a morphological definition. The patho-
logical response in GD thyroid glands is a purely cellular
hyperplastic and hypertrophic reaction with no intersti-
tial inflammation. It should be emphasized that the mor-
phometric analysis correlated with the morphological
evaluation but it was revealed to be more sensitive in
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identifying minor abnormalities using the follicle/stroma
ratio as morphometric screening. The level of inflamma-
tory reaction is quite variable in GD, most of the time only
as a focal and nondestructive inflammation at a mild lev-
el. In human samples, a concomitant lymphocytic infil-
trate can be observed interspersed between follicles or in
the interstitial tissue. This lymphocytic infiltrate is pre-
dominantly a cytotoxic suppressor between the epithelial
cells and mainly helper-inducer T cells in the interstitial
tissue [1, 10]. In both cases, the morphometric evaluation
identifies this issue by a relative decrease of the follicle/
stroma ratio that can be confirmed by histological evalu-
ation. Human samples are essentially not significantly in-
flamed and the level claimed in other models, although
higher than controls, is of a modest level (up to 2 cells/
follicle), mainly of helper phenotype [25]. Many cases of
florid inflammatory response reflect mixed autoimmune
thyroiditis with follicular tissue destruction. At the other
end of the spectrum, GD thyroid glands examined in hu-
man pathology frequently show follicular architecture
with infolding, enlarged follicular cells and, occasionally,
mild multifocal interstitial inflammation (if any). The
changes we are describing herein replicate the human
model. The vascular congestion and increased vascularity
described in human samples are related to a presurgical
treatment of hyperthyroid patients in preparation for the
excision, and a reaction to tissue ischemia due to locally
compressive expansile nodules. These two aspects were
not present in our cohort and explain the absence of sig-
nificant vascular changes. The presence of nodularity
with ischemic-vascular changes and significant inflam-
matory infiltrate with local antigen modulation (germinal
centers) are responsible for signs of oxidative stress [26,
27]. These are not essential and constant elements of GD.
Human samples are available from GD patients treated
surgically, and we should not include as primary features
those changes related to preoperative therapy like stromal
congestion or nodular transformation [28, 29]. The his-
tological finding of an increase in the follicle/stroma ratio
would support an increase in follicular volume that, with-
out evidence of deficient cell function, correlates with hy-
perthyroidism. In this scenario, persistent stimulation
without receptor desensitization provides a potential ex-
planation for the sustained hyperthyroid status as report-
ed in our earlier study on an induced model of GD in
humanized nonobese diabetic mice [30].

In summary, the thyroid glands of experimentally in-
duced GD in animals immunized by electroporation of
human TSHR A-subunit plasmid reproduce the human
pathology counterpart. These thyroid glands reveal a

8 Eur Thyroid J
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noninflammatory diffuse follicular cell hyperplasia/hy-
pertrophy that is supported by a significant increase of the
follicular area of enlarged thyroid glands with an in-
creased follicle/stroma ratio. The hypertrophic compo-
nent of this reaction pattern supports a morphofunction-
al activation of the follicular cells targeted by TSHR anti-
bodies. The lack of tissue damage and inflammation
explains the absence of fibrosis and reparative processes.
Overall, this mouse model is a faithful model of early
changes in GD.
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Supplementary Fig. 1: Serological parameter

A: T4 values of mice were measured in serum by ELISA. Control mice showed significantly lower
levels in comparison to TSHR immunized mice. B: Serum antibodies to TSHR were measured using
human TRAK assay, which uses luminescence-labeled (acridium derivative) bTSH as a competitor
(Thermo Fischer BRAHMS TRAK Human LIA) with 100pl diluted serum (diluted 1:3 with normal
human serum). The y-axis shows % inhibition of tracer binding to immobilized human TSHR in the

test. Significantly higher values of TRAb were measured in TSHR immunized mice.
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