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Background: Thyroglobulin (TG) is a key autoantigen in autoimmune thyroid diseases (AITD). Several single
nucleotide polymorphisms (SNPs) in the TG locus were shown to be strongly associated with disease sus-
ceptibility in both humans and mice, and autoimmune response to TG is the earliest event in the development of
thyroid autoimmunity in mice. The classical model of experimental autoimmune thyroiditis (EAT) is induced
by immunizing mice with TG protein together with an adjuvant to break down immune tolerance. The classical
EAT model has limited utility in genetic studies of TG since it does not allow testing the effects of TG sequence
variants on the development of autoimmune thyroiditis. In this study, we have immunized CBA-J mice, an
EAT-susceptible strain, with an adenovirus vector encoding the full-length human TG (hTG) to generate a
model of EAT in which the TG sequence can be manipulated to test AITD-associated TG SNPs.

Methods: We immunized CBA-J mice with hTG-expressing adenovirus following the well-recognized ex-
perimental autoimmune Graves’ disease protocol that also uses an adenovirus vector to deliver the immunogen.
Results: After hTG adenovirus immunizations, mice developed higher T cell proliferative and cytokine re-
sponses to hTG and TG2098 (a major T cell epitope in AITD) and higher titers of TG and thyroperoxidase
autoantibodies compared with mice immunized with control LacZ-expressing adenovirus. The mice, however,
did not develop thyroidal lymphocytic infiltration and hypothyroidism.

Conclusions: Our data describe a novel murine model of autoimmune thyroiditis that does not require the use of
adjuvants to break down tolerance and that will allow investigators to test the effects of h'TG variants in the
pathoetiology of Hashimoto’s thyroiditis.
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Introduction TG, the most abundant protein in the thyroid, is believed

to be the major autoantigen triggering HT as 75% of AITD

AUTOIMMUNE THYROID DISEASES (AITD), including Ha-
shimoto’s thyroiditis (HT) and Graves’ disease (GD),
are common autoimmune diseases that arise from a complex
interaction between genetic susceptibility, epigenetic alter-
ations, and environmental factors (1,2). HT, the most
frequent AITD, is a T cell-mediated disease characterized
by thyroidal infiltration of lymphocytes reactive to thyroi-
dal antigens that lead to thyroid cell death, accompanied
by production of anti-thyroglobulin (TG) and anti-
thyroperoxidase (TPO) antibodies that are likely biomarkers
of disease but not pathogenic. Thyroid cell death in HT
ultimately results in clinical hypothyroidism (3).

patients develop high titers of anti-TG autoantibodies (1),
TG autoantibodies appear before TPO antibodies in mouse
models (4), and TG is a major AITD susceptibility gene
(3,5). Several TG single nucleotide polymorphisms (SNPs)
were shown to be strongly associated with both GD and
HT (5-8); however, the underlying downstream mecha-
nisms by which these polymorphisms contribute to AITD
etiology are yet to be fully understood. To better under-
stand the role of these SNPs in the etiology of AITD, a
mouse model is needed where the sequence of TG can
be manipulated to express the susceptible and resistant
variants.
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In this study, we developed a novel murine model of au-
toimmune thyroiditis by immunization of an experimental
autoimmune thyroiditis (EAT)-susceptible strain of mice
with adenovirus expressing full-length human TG (hTG)
complementary DNA (cDNA), employing the same protocol
used to induce experimental autoimmune Graves’ disease
(EAGD) in which mice are immunized with adenovirus
containing human thyrotropin receptor (TSHR) cDNA. Our
new mouse model showed T cell responses against h'TG and
production of TG autoantibodies without the aid of adjuvants,
which will allow us and others to investigate the role of
different hTG sequence variations in the pathoetiology of
autoimmune thyroiditis.

Materials and Methods
Ethical approval

All procedures were performed in accordance with the care
and use guidelines established by the Institutional Animal
Care and Use Committee of Albert Einstein College of
Medicine under the protocol 00001023.

Animals

Female CBA-J mice (The Jackson Laboratory, Bar Harbor,
ME), 5-6 weeks old, were used in this study. All mice were
maintained under 12—12 hours light-dark cycles (beginning
at 7 AM and 7 PM), and the room temperature was held at
22°C. Standard rodent chow and water were provided ad
libitum. At the end of the experiment, mice were sacrificed;
the spleens and thyroids were removed for splenocyte assays
and hematoxylin and eosin (H&E) staining, respectively; and
blood samples were obtained for measurements of serum
total thyroxine (T4) and thyrotropin (TSH).

Classical EAT

Mice were injected subcutaneously with hTG (Cell Sci-
ences, Newburyport, MA) in Complete Freund’s Adjuvant
(CFA; Sigma-Aldrich, St. Louis, MO) to induce classical
EAT as previously described (9). Mice were immunized with
hTG on day 0, boosted on day 7, and sacrificed on day 21.

Adenovirus immunization protocol

The full-length hTG c¢cDNA (10) was synthesized by
Thermo Fisher Scientific (Waltham, MA) and packaged into
an adeno-associated virus vector by Vector BioLabs (Mal-
vern, PA). Mice were immunized with hTG-expressing ad-
enovirus according to the published EAGD protocol (11)
with the modifications by Rapoport and colleagues (12,13)
and Huber et al. (14). Briefly, mice were injected intramus-
cularly with 5.0x 10” particles of adenoviral vector con-
taining full-length hTG (Ad-TG) or control LacZ (Ad-LacZ)
cDNA (Viraquest, Inc., North Liberty, IA) in 50 4L of 10%
glycerol (in phosphate-buffered saline or PBS) in the thigh
muscle. A series of two intramuscular injections were given
on day 0, day 21 and mice were sacrificed on day 35. To
examine whether the mice develop lymphocytic infiltration at
a later time point, a second group of mice received intra-
muscular injections on day 0, day 21, and day 42 and mice
were sacrificed on day 63.
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Splenocytes isolation

Mice spleens were harvested in complete RPMI 1640
(Corning, NY) supplemented with 10% fetal bovine serum
(Sigma-Aldrich) and 1mM sodium pyruvate (Sigma-
Aldrich). They were cut and pressed in circular motion by
using a 10-mL syringe plunger. The suspension was filtered
through a 100-um cell strainer twice and centrifuged at 200g
for 10 minutes. The pellet was washed with RPMI followed
by centrifugation at 200g for 10 minutes. To remove non-
lymphocytic cells, 5 mL of Ammonium-Chloride-Potassium
(ACK) lysis buffer was added to the cell pellet. Cells were
incubated with ACK lysis buffer for 5 minutes at room
temperature with occasional shaking and then centrifuged at
200g for 10 minutes. The remaining pellet was resuspended
in 10 mL of complete RPMI for counting and plating.

T cell stimulation and carboxyfluorescein diacetate,
succinimidyl ester analysis

Splenocytes (2 x 10° cells) were resuspended in 0.1% bo-
vine serum albumin/PBS and were labeled with 1.5 uM car-
boxyfluorescein diacetate, succinimidyl ester (CFSE)
(Thermo Fisher Scientific). After incubation for 10 minutes at
37°C, the CFSE staining was terminated by the addition of 4
volumes of ice-cold complete RPMI. After 5 minutes of in-
cubation on ice, the cells were washed three times with fresh
RPMI and resuspended in fresh medium for counting and
plating. The cells were treated with: (1) medium; (2)
scrambled apopeptide (APO) as an unrelated negative control
(NC) peptide (20 pg/mL; GenScript, Piscataway, NJ); (3)
mouse CD3/CD28 beads (Thermo Fisher Scientific) as pos-
itive control; (4) hTG (40 ug/mL; Cell Sciences); and (5) five
hTG peptides (TG2098, TG202, TG726, TG1951, and
TG1571) (20 pg/mL; GenScript) (Supplementary Table S1).
After 5 days, cells were collected, and T cell proliferation was
analyzed by flow cytometry analysis. The results were ana-
lyzed by using Flowjo (Tree Star, Ashland, OR). Assays were
performed in quadruplicate, and data are expressed as stim-
ulation index. We calculated the stimulation index by using
the following formula: stimulation index=[% proliferating
lymphocytes (peptide or mitogen-treated)]/[% proliferating
lymphocytes (medium-treated)]. Proliferation index =1.5
was considered as a positive response to the stimulant.

Cytokine assays

Interferon gamma (IFN-y), interleukin (IL)-2, IL-4, and
IL-10 levels were measured by using a Milliplex mouse
cytokines/chemokine magnetic panel (catalog no. MCYTOMAG-
70K; EMD Millipore Corporation, Burlington, MA) fol-
lowing the manufacturer’s instructions. Assays were read
by using Luminex 200 with XPONENT software (Luminex,
Austin, TX).

Anti-TG antibody detection by enzyme-linked
immunosorbent assay

Serum levels of hTG and mouse TG (mTG) auto-
antibodies were measured by enzyme-linked immunosor-
bent assay (ELISA) using sera from individual mice as
previously described (15). The signal was developed by
using freshly prepared para-nitrophenylphosphate substrate
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(Sigma-Aldrich), and the data are presented as optical
density at 405 nm.

Anti-mTPO antibody detection by flow cytometry

Anti-mouse TPO (mTPO) antibodies were measured by
flow cytometry using Chinese hamster ovary (CHO) cells
stably expressing mTPO as previously described (4). Flow
cytometry was performed (10,000 events) by using BD Ac-
curi C6 (BD Biosciences, Woburn, MA), and the results were
analyzed by using Flowjo (Tree Star). TPO binding data were
reported as the geometric mean (Geo mean).

Hormone measurements

The serum total concentrations of T4 were determined by
ELISA according to the manufacturer’s instructions (Alpha
Diagnostics, San Antonio, TX). Serum TSH levels were mea-
sured by radioimmunoassay in Dr. Samuel Refetoff’s labora-
tory (University of Chicago) as previously described (16).

H&E staining

The thyroids were fixed in 10% neutral-buffered formalin
and then embedded in paraffin. Sections (4 um thick) were
prepared and stained with H&E by the Histology and
Comparative Pathology Core at Albert Einstein College of
Medicine. The images were acquired by using a 3DHistec
Panoramic 250 Flash II slide scanner at the Analytical Ima-
ging Facility at Albert Einstein College of Medicine.

Statistical analyses

Results are reported as means * standard error and repre-
sent data from a minimum of three independent experiments.
The number of animals is indicated in the results. One-way
analysis of variance (ANOVA) followed by Student—
Newman—Keuls multiple-comparison test, two-way ANOVA
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followed by Bonferroni’s multiple-comparison test, or Stu-
dent r-test for unpaired data (GraphPad Prism version 5.0;
GraphPad Software) were used for analyzing differences
between the groups for the different variables measured.
Differences were considered to be significant at p <0.05.

Results

Mice immunized with adenovirus containing hTG
develop T cell proliferative responses to hTG
and pathogenic hTG peptides

Female CBA-J (H2*) mice were used in this experiment,
because they are a well-characterized EAT-susceptible strain
(17,18). Mice were immunized with either adenovirus ex-
pressing hTG (Ad-TG) or adenovirus expressing Lac-Z (Ad-
LacZ) as negative control or with hTG protein in CFA as a
positive control. Splenocytes of immunized mice were
stimulated with hTG and hTG peptide TG.2098 that was
previously shown to be a major T cell epitope in autoimmune
thyroiditis (15,19,20). Splenocytes from mice immunized
with Ad-LacZ (Fig. 1A) did not show proliferation responses
to TG and TG2098, while splenocytes from mice immunized
with Ad-TG (Fig. 1B) showed significantly higher prolifer-
ation to TG (p<0.05) and TG.2098 (p<0.05) when com-
pared with medium. Eighty-eight percent of the mice
immunized with Ad-TG responded to TG stimulation
(stimulation index >1.5), while 70% of the mice responded to
TG.2098 stimulation (Fig. 1B). In addition, analysis by two-
way ANOVA showed a higher proliferation index in re-
sponse to TG in mice immunized with Ad-TG (p<0.001)
compared with mice immunized with Ad-LacZ (Fig. 1A). As
expected, proliferation index in Ad-TG immunized mice
(Fig. 1B) was not as high as that in mice induced with clas-
sical EAT (Fig. 1C). Proliferation in response to TG was
2.5 xhigher (p<0.001) in mice induced with classical EAT
than in mice immunized with Ad-TG. We also observed
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Mice immunized with adenovirus containing hTG develop T cell proliferative responses to hTG and TG2098.

(A) Average proliferation indexes of T cells to stimulation with TG and TG2098 from mice immunized with control Ad-
LacZ. (B) Average proliferation indexes of T cells to stimulation with TG and TG2098 from mice immunized with Ad-TG.
(C) Average proliferation indexes of T cells to stimulation with TG and TG2098 from mice induced with classical EAT.
Stimulation with scrambled APO was used as NC, and stimulation with CD3/CD28 beads was used as a positive control.
Proliferation index >1.5 was considered as a positive response to the stimulant. The pound sign (#) indicates stimulation
index 21.5. The data are shown as means & SE. Statistical analysis was performed by using two-way ANOVA followed by
Bonferroni’s multiple-comparison test or unpaired #-test. *p <0.05, **p<0.01 ***p<0.001 versus medium (Ad-LacZ,
n=13; Ad-TG, n=17; EAT, n=7). ANOVA, analysis of variance; APO, apopeptide; EAT, experimental autoimmune
thyroiditis; hTG, human TG; NC, negative control; SE, standard error; TG, thyroglobulin.
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positive T cell proliferative responses (proliferation index
21.5) to four other previously identified immunogenic TG
peptides (15,20) in mice immunized with Ad-TG (Supple-
mentary Fig. S1), suggesting that these thyroidogenic epi-
topes are conserved in humans and mice.

Th1 and Th2 cytokine responses in mice
immunized with Ad-TG

To investigate whether immunization with Ad-TG resulted
in a Th1 or Th2 polarization of the anti-hTG T cell responses,
we further evaluated the T cell responses by examining T cell
cytokine production. Mice immunized with control Ad-LacZ
did not show significant Th1 (Fig. 2A, D) and Th2 (Fig. 3A, D)
cytokine production. On stimulation with hTG, splenocytes
from mice immunized with Ad-TG secreted IFN-y (Fig. 2B),
IL-2 (Fig. 2E), and IL-10 (Fig. 3B), but not IL-4 (Fig. 3E).
These data suggest that the EAT induced by Ad-TG immu-
nization is driven mostly by Th1 responses (IFN-y and IL-2),
but that Th2 responses (IL-10) also play a role.
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Mice immunized with Ad-TG develop anti-hTG,
anti-mTG@G, and anti-mTPO antibodies

Humoral responses to TG are key markers of EAT de-
velopment. Indeed, 100% of mice immunized with Ad-TG
were positive for hTG antibodies (Fig. 4A; Supplementary
Fig. S2A). Serum levels of anti-hTG antibodies were
5 xhigher in Ad-TG-immunized mice compared with Ad-
LacZ-immunized mice (Fig. 4A). Mice immunized with Ad-
TG also had significantly higher levels of mTG (Fig. 4B;
Supplementary Fig. S2B) and mTPO (Fig. 4C; Supplemen-
tary Fig. S2C) autoantibodies compared with Ad-LacZ-
immunized mice, demonstrating the development of de novo
autoimmune thyroiditis.

Thyroid functions in mice immunized with Ad-TG

There were no significant differences in serum total T4
levels and TSH levels between mice immunized with Ad-TG
and control Ad-LacZ immunized mice (Supplementary
Fig. S3).
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FIG. 2. Mice immunized with adenovirus containing hTG develop Thl cytokine responses. (A) Concentration of IFN-y
secreted by T cells in response to stimulation with TG and TG2098 when mice were immunized with Ad-LacZ.
(B) Concentration of IFN-7y secreted by T cells in response to stimulation with TG and TG2098 when mice were immunized
with Ad-TG. (C) Concentration of IFN-y secreted by T cells in response to stimulation with TG and TG2098 when mice
were induced with classical EAT. (D) Concentration of IL-2 secreted by T cells in response to stimulation with TG and
TG2098 when mice were immunized with Ad-LacZ. (E) Concentration of IL-2 secreted by T cells in response to stimu-
lation with TG and TG2098 when mice were immunized with Ad-TG. (F). Concentration of IL-2 secreted by T cells in
response to stimulation with TG and TG2098 when mice were induced with classical EAT. Stimulation with scrambled
APO was used as NC, and stimulation with CD3/CD28 beads was used as a positive control. The data are shown as
means * SE. Statistical analysis was performed by using unpaired #-test. *p <0.05, ***p <0.001 versus medium (Ad-LacZ,
n=38; Ad-TG, n=8 EAT, n=6). IFN-y, interferon gamma; IL, interleukin.
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FIG. 3. Mice immunized with adenovirus containing hTG have higher levels of Th2 cytokine IL-10 but not IL-4.
(A) Concentration of IL-10 secreted by T cells in response to stimulation with TG and TG2098 when mice were immunized
with Ad-LacZ. (B) Concentration of IL-10 secreted by T cells in response to stimulation with TG and TG2098 when mice
were immunized with Ad-TG. (C) Concentration of IL-10 secreted by T cells in response to stimulation with TG and
TG2098 when mice were induced with classical EAT. (D) Concentration of IL-4 secreted by T cells in response to
stimulation with TG and TG2098 when mice were immunized with Ad-LacZ. (E) Concentration of IL-4 secreted by T cells
in response to stimulation with TG and TG2098 when mice were immunized with Ad-TG. (F). Concentration of IL-4
secreted by T cells in response to stimulation with TG and TG2098 when mice were induced with classical EAT.
Stimulation with a scrambled APO peptide was used as NC, and stimulation with CD3/CD28 beads was used as a positive
control. The data are shown as means * SE. Statistical analysis was performed by using unpaired #-test. ***p <0.001 versus
medium (Ad-LacZ, n=8; Ad-TG, n=8 EAT, n=6).
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FIG. 4. Mice immunized with adenovirus containing hTG develop hTG, mTG, and mTPO autoantibodies. (A) Anti-hTG
antibodies produced by mice immunized with Ad-LacZ, Ad-TG and induced with classical EAT. (B) Anti-mTG antibodies
produced by mice immunized with Ad-LacZ, Ad-TG and induced with classical EAT. (C) Anti-mTPO antibodies produced
by mice immunized with Ad-LacZ and Ad-TG. The data are shown as means = SE. Statistical analysis was performed by
using one-way ANOVA followed by Student-Newman—Keuls multiple-comparison test or unpaired r-test. *p <0.05,
**%p <0.001 (Ad-LacZ, n=10; Ad-TG, n=13; EAT, n=7). mTG, mouse TG; mTPO, mouse thyroperoxidase.
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Thyroid histology and immunohistochemistry

H&E staining (Supplementary Fig. S4) and im-
munostaining for CD45 (data not shown) of thin sections
from thyroid glands of mice sacrificed 35 days after initiation
of immunization protocol did not show mononuclear cell
infiltration of the thyroid. To test whether thyroid infiltration
may appear at a later time point, some mice were followed up
to 63 days after the first h"TG immunization. Mice sacrificed
63 days after the first immunization also did not develop
thyroidal cell infiltration (data not shown).

Discussion

To study the etiology of HT, different experimental ap-
proaches have been employed to induce EAT, a mouse model
of HT (1). The first EAT model was achieved by immuni-
zation of susceptible mice with TG, a known thyroid auto-
antigen, in combination with an adjuvant to break down
immune tolerance. To this date, this classical EAT model is
still widely used to study the pathoetiology of HT (1,18). This
model, similar to HT, is characterized by lymphocytic infil-
tration of the thyroid, follicular destruction, T cell prolifer-
ative responses against TG, and production of anti-TG
autoantibodies (18,21,22). Although this is an excellent
model for HT, it has limited utility in testing the functional
role of TG variants on the induction of EAT. Therefore, to
better understand the contribution of TG variants to thyroid
autoimmunity, we have now created a mouse model that is
easily amenable to modifications of the TG sequence. In our
new model, an adenovirus vector carrying full-length hTG
cDNA is used to induce B cell and T cell responses against
TG in the absence of adjuvants.

In the past, our group developed a cDNA-based EAT
model in which hTG ¢cDNA immunization combined with
electroporation induced T cell proliferative responses to TG,
IFN-y secretion, and autoantibodies in C3H/Hen mice (23).
Our current model, however, elicited superior immune re-
sponses to TG with the advantage of being less laborious than
electroporation by utilizing a replication-defective adenovi-
rus to achieve higher transgene expression in the muscle.

We believe that our new EAT model has at least three
advantages compared with the conventional TG protein/
adjuvant-based models. The first advantage of our model is
that hTG is presented to B cells in the correct conformation
since it is expressed de novo in cells generating an immune
response that is closer to human autoimmune thyroiditis. In
our model, similar to the EAGD model (11), we used a re-
combinant adenovirus vector to induce high hTG expression
in the muscle. Using this method, hTG is expressed endog-
enously in myocytes. The myocytes are capable of presenting
TG due to the de novo synthesis of the major histocompat-
ibility complex class II (MHC II) and chemokines driven by
the immunostimulatory nature of the adenovirus plasmid,
leading to long-term cellular and humoral responses in our
mice. Indeed, mice immunized with adenovirus-expressing
TPO showed high titers of anti-TPO antibodies with an epi-
tope recognition pattern similar to the anti-TPO antibodies
found in HT patients’ sera (24). In addition, mice-induced
EAGD by TSHR-adenovirus immunization developed goiter,
hyperthyroidism, and anti-TSHR antibodies that recognized
similar epitopes to the autoantibodies in GD patients (11,25).
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The second advantage of our model is that it elicits an
immune responses against TG without the need for an adju-
vant to break down tolerance to TG, supporting the notion,
first demonstrated in the 1980s, that anti-TG reactive T cells
can escape central tolerance (26,27). Kong et al. (26) ob-
served thyroid lymphocytic infiltration and T cells and B cells
reactive to mTG in mice immunized repeatedly with high
doses of mTG or mouse thyroid extract. Notably, our mice
developed both T cell and B cell responses to hTG, as evi-
denced by T cell proliferative responses, IFN-y and IL-2
secretion, and production of autoantibodies. In addition, mice
developed autoantibodies to mTG and mTPO, demonstrating
the development of de novo autoimmune responses to the
mouse thyroid. Additionally, mice did not produce auto-
antibodies to glutamate decarboxylase (data not shown)
confirming that the immune response was specific to the
mouse thyroid. Interestingly, even though the mice devel-
oped antibodies to TG and TPO, they did not produce TSHR
autoantibodies (data not shown), suggesting that this model is
similar to human HT in which patients rarely develop TSHR
autoantibodies (1).

Interestingly, there was no lymphocytic infiltration in our
mice, similar to what is observed in the TSHR adenovirus-
based model of EAGD (11). This is possibly due to insuffi-
cient cross-reaction between the hTG used in immunizations
and mTG to induce reactivity to mTG that is necessary to
drive thyroidal lymphocytic infiltration and hypothyroidism
despite the 73% amino acid homology between human and
mTG. Another potential explanation is that the production
of non-iodinated hTG in the myocytes (where the iodination
system is absent) caused the lack of lymphocytic infiltration.
Given that our mice developed T cell and B cell responses
against non-iodinated hTG, it is likely that iodine is not es-
sential for TG antigenicity, as previously reported (28).
However, it is possible that the non-iodinated hTG did not
cross-react with the iodinated mTG, or that iodination of TG
might be necessary for stimulation of cytotoxic T cells and
subsequent lymphocytic infiltration of the thyroid. Indeed,
studies by Roitt and associates suggested a role for iodination
of TG in activating a population of thyroid autoreactive T
cells (29). Of note, our mice showed mononuclear cell in-
filtrates at the site of injection in the muscle (data not shown).

The third and most important advantage of our model is
that it enables modifications to the sequence of Ad-TG used
in the immunizations to study the functional effects of TG
SNPs that are associated with AITD. TG is a soluble 660-
KDa iodinated glycoprotein comprising two 330-KDa
monomers that serve as a precursor for thyroid hormones T4
and triiodothyronine, and as a storehouse for iodine (30).
Whole-genome linkage scans have reported that the 7G gene-
locus on chromosome 8q24 was linked to AITD (7,31), and
association studies have identified a number of SNPs in the
TG locus that were strongly associated with AITD in humans
(5,8,32-35). However, the mechanisms by which these TG
variants trigger thyroid autoimmunity are not yet known. In
contrast to the conventional EAT model, our novel model
will allow investigators to test the functional effects of hTG
sequence variants on TG immunogenicity, cathepsin-
generated TG peptide profiles, and disease induction.
Moreover, our new model will also be useful when studying
interactions between different TG variants and human leu-
cocyte antigen (HLA) class II molecules, as our group has
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previously demonstrated that specific sequences of the MHC
class II peptide-binding pocket confer susceptibility to both
HT and EAT (19).

In summary, for the first time we have developed a mouse
model of HT by immunization of EAT-susceptible mice with
adenovirus containing full-length hTG cDNA. Since the hTG
cDNA is amenable to genetic modifications, it will allow
future investigations on the functional role of different hTG
sequence variants in the pathoetiology of HT.
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