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Iodine content of thyroglobulin in NOD.H2" mice
developing iodine-accelerated autoimmune thyroiditis

Panayota Kolypetri, Natasha A. Noel, Karen A. Carayanniotis, George Carayanniotis

Divisions of Endocrinology and Biomedical Sciences, Faculty of Medicine, Memorial University of Newfoundland,
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ABSTRACT

OBJECTIVE: In NOD.H2" mice, high dietary iodine intake has been known to cause Iodine-
accelerated Spontaneous Autoimmune Thyroiditis (ISAT) via an unknown mechanism. The
aim of the study was to examine whether the NOD.H2" genetic background predisposes to en-
hanced iodine organification in thyroglobulin (Tg), a target autoantigen in ISAT. DESIGN: To
avoid issues associated with an ongoing anti-Tg antibody response, we assessed Tg iodination
levels in iodine-fed, B-cell deficient NOD.H2"™ mice. Additionally, we tested whether humoral
or cellular immune responses of iodine-fed NOD.H2" mice are preferentially directed to Tg
with increased iodine content (I-Tg) or known pathogenic Tg peptides that contained iodine.
RESULTS: The iodine content of Tg was not significantly different between control (9.0+2.7 I
atoms per monomer) and iodine-fed mice (10.9%+0.3 I atoms per monomer). Furthermore, in
iodine-fed NOD.H2"™ mice developing ISAT, strong but equivalent serum IgG responses were
detected to both Tg or I-Tg, whereas their lymphoid cells were stimulated weakly but equally
well by Tg or I-Tg in vitro and did not show reactivity against a panel of five pathogenic Tg
peptides that contained iodine. CONCLUSIONS: The results suggest that development of ISAT
in NOD.H2" mice is not associated with enhanced iodine organification or differential B- or
T-cell responses to iodinated determinants in Tg.
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INTRODUCTION

The interplay between genetic predisposition and
environment underlying the induction of autoimmune
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disease has been clearly shown in NOD.H2" mice,
a model of Spontaneous Autoimmune Thyroiditis
(SAT). This congenic strain, expressing the K¥, AX,
E’ D" molecules in the NOD background, develops
periinsulitis but not diabetes' and exhibits SAT at a
higher incidence (50%-70% vs 5%) than the NOD
strain.?* Addition of Nal to the drinking water acceler-
ates the onset of SAT from 7-10 months in control mice
to 2 months following the initiation of additional Nal
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intake in NOD.H2" hosts? and significantly enhances
both its incidence and severity.** Increased iodine
ingestion has previously shown similar effects in other
animal models of SAT such as the CS chicken® and
the BB/w rat,” but the NOD.H2" model has attracted
attention in recent years due to the availability of
well characterized mouse biomarkers and reagents.
Epidemiological data clearly support the view that
an iodine-rich diet can also promote subclinical
hypothyroidism in humans,*'° but the pathogenetic
mechanisms remain mostly unknown.

Thyroglobulin (Tg), the only protein with a capacity
to store available iodine, is a natural focus of research
on iodine-accelerated SAT (ISAT) for several rea-
sons. First, the titers of Tg-specific IgG1 and IgG2b
Abs correlate with the ISAT severity,> suggesting
that Tg is an early autoimmune target in the disease
cascade. Second, the iodine content of Tg has been
shown to correlate with its immunopathogenicity in
studies on Tg-induced experimental autoimmune
thyroiditis (EAT),'""® and with its antigenicity in
studies of EAT'!* and ISAT." Third, we have previ-
ously provided evidence that iodination may alter the
immunodominance hierarchy of pathogenic T-cell
epitopes within Tg,'?> and that iodotyrosyl formation
within certain Tg peptides may create thyroiditogenic
T cell epitopes."” Lastly, formation of Tg with a high
iodine content (I-Tg) has been observed in CS chickens
placed on iodine-rich drinking water,'* although this
has not been confirmed in other species. In fact, we
have recently demonstrated that consumption of in-
creased amounts of iodine precipitates hypothyroidism
in SJL mice with no apparent autoimmune basis.'

In the present study, we examined whether the
genetic background of NOD.H2" mice favors forma-
tion of I-Tg when the animals follow an iodine-rich
diet. We have also tested whether NOD.H2™ mice
developing ISAT generate IgG responses that pref-
erentially recognize I-Tg vs Tg, a finding that would
indirectly support formation of I-Tg in the disease
process. Lastly, we have tested T-cell responses of
NOD.H2" mice with ISAT against Tg, I-Tg and a panel
of known AX-restricted, iodinated and non-iodinated
peptides of Tg, most of which are pathogenic.!71-?!
Our results do not corroborate the view that ISAT
in NOD-H2™ mice is associated with I-Tg forma-
tion or a response to neoantigenic Tg determinants

containing iodine. Instead, they suggest that iodine
may accelerate disease by amplifying dysregulation
at other levels of the immune response.

MATERIALS AND METHODS

Mice

NOD.H2" mice, originally derived by Dr. L.Wicker
(Merck Laboratories, Rahway, NJ), were kindly pro-
vided to us by Dr. H. Braley-Mullen (University of
Missouri, Columbia, MO). The mice were bred and
maintained under specific pathogen-free conditions
in the animal facility of the Faculty of Medicine,
Memorial University of Newfoundland. Both male
and female mice were used and they were age- and
sex-matched in each experiment. Mice received 0.05%
Nal in their drinking water beginning at 6-8 weeks
of age and thyroids or sera were obtained at various
time intervals. All experimental procedures were re-
viewed and approved by the Animal Care Committee
at Memorial University of Newfoundland.

Tg iodination and determination
of I content in Tg

Frozen thyroids of BALB/c mice (Bioproducts
for Science, Indianapolis, IN) were homogenized in
PBS buffer, pH=7 containing 10 M leupeptin, 10-°
M pepstatin and 10 M phenylmethanesulfonylfluo-
ride (Sigma). Thyroid extracts were centrifuged 3x at
14,000 rpm for 10 minutes at 4°C, and subsequently
920 pl samples were passed through a 1.5 cm x 47 cm
Sepharose CL-4B column (Amersham Biosciences,
Sweden). Tg iodination was conducted using the Iodo-
Beads Iodination Reagent (Pierce, Rockford, IL)
according to the manufacturer’s instructions. Briefly,
one bead was added to aliquots containing 200 ul PBS
and 20 pl of 2.5 mM Nal for 5 min, followed by the
addition of 200 pg of Tg for 30 seconds. The beads
were then removed and the samples were pooled
and dialyzed 3X in water. This protocol generated
mildly iodinated I-Tg, containing approximately 24
I atoms/ monomeric subunit vs 14 I atoms in control
Tg. A non-incinerative method based on the catalytic
activity of iodine in the ceric-arsenite reaction was
used to determine Tg iodine levels, as previously
described."” The reduction of Ce(IV) to Ce(III)
by As leads to a conversion of the yellow Ce ion to
the colorless cerious ion, a reaction that is followed
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spectrophotometrically at A=410 nm.*** Standard
curves were constructed using known concentra-
tions of thyroxine (T4) (Sigma) dissolved in 99 vol
methanol and 1 vol 30% ammonium hydroxide. The
iodine content of each Tg sample was extrapolated
from the standard curve and the data are reported
as the average value of two to three independent
measurements + standard deviation. Non-iodina-
ted Tg peptides (Sigma-Genosys, The Woodlands,
TX) and iodinated Tg peptides (Dalton Chemical
Laboratories, Toronto, Ontario) were synthesized
at >80% purity. F-moc-3-iodo-tyrosine, containing
one iodine atom at position 3 of the phenolic ring,
was used for the synthesis of iodinated peptides. All
peptides were blocked with an acetyl group at the N
terminus and with an amide group at the C terminus;
the thiol group of internal Cys residues was blocked
by acetamide.

Measurement of IgG responses by ELISA

Tg-specific serum IgG antibodies were detected
by ELISA, as previously described.'® Briefly, wells of
polyvinylchloride plates were coated overnight with 10
ug/ml Tg or I-Tg in carbonate buffer pH=9.6, washed
with PBS and blocked with 0.1% BSA in PBS for 1
hour at room temperature. The plates were again
washed and serum samples, diluted in PBS/Tween
20 containing 0.1% BSA, were added for 1 hour. An
alkaline phosphatase-conjugated goat anti-mouse
IgG antibody (Jackson Immunoresearch Laborato-
ries, Inc) was used to detect the presence of bound
antibodies. After 1 h incubation, the p-nitrophenyl
phosphate substrate (Sigma) was added to the plates
and light absorption was determined at 405 nm using
a Vmax plate reader (Molecular Devices, Sunnyvale,
CA). Results are expressed as mean O.D. values of
triplicate wells + S.D. after subtraction of background
values from wells with no serum added. In competi-
tive inhibition assays the binding of serum IgG (50
ul serum at 1:200 dilution per well) to Tg or [-Tg was
monitored in the presence of increasing amounts of
soluble inhibitor. Percent inhibition was determined by
the formula: [1-(experim. O.D./max. O.D.)] *100 and
was expressed as a mean of triplicate wells + S.D.

P H]-thymidine incorporation assay
Atvarious time intervals following administration

of Nal in the drinking water, cervical lymph node or
spleen cell suspensions were prepared in HL-1 medium
(Lonza Walkersville, MD, USA) supplemented with
100 U/ml penicillin/streptomycin, 2 mM glutamine
and 50 uM 2-B-mercaptoethanol. Cells, adjusted at 4 x
106 cells/ml, were cultured in the presence of titrated
amounts of Tg or I-Tg for 72 hours. Tg peptide reactiv-
ity was similarly assessed by using DMEM (Gibco,
Invitrogen) containing 10% fetal bovine serum (PAA
Laboratories Inc., Ontario, Canada) in a 96 hr assay.
During the last eighteen hours of culture, 1 nCi [*'H]-
thymidine (Perkin Elmer, Boston, USA) was added
into each well. The cells were then harvested on a
ClassicCell Harvester (Skatron Instruments, Lier,
Norway) and radioactivity was measured in a Beckman
Coulter LS6500 scin tillation counter. Stimulation
index is defined as counts per minute in the presence
of antigen/counts per minute in the absence of antigen.
The results are expressed as means of triplicate well
values *+ standard deviation (SD).

Histological assessment of thyroid infiltration
by mononuclear cells

Thyroids were aseptically removed, fixed in 10%
formalin, embedded in methacrylate and step-sec-
tioned in 4 um thick sections as previously described.*
Staining with hematoxylin and eosin followed and the
presence of mononuclear cell infiltration was scored as
follows: 0: no infiltration, 1: interstitial accumulation
of cells between two or more follicles, 2: one or two
foci of cells at least the size of one follicle, 3: diffuse
infiltration of 10- 40% of the total area, 4: extensive
infiltration of 40-80% of the total area, 5: extensive
infiltration of more than 80% of the total area. Results
report the highest infiltration index observed among
the step sections of each gland.

Statistical analysis

Statistical comparison of SAT scores was per-
formed by the non-parametric Mann-Whitney test,
whereas differences in iodine content between Tg
preparations were assessed by the non-parametric
Wilcoxon matched pairs test, using GraphPad Prism
4.0 software (GraphPad Inc., San Diego, CA). The
results were expressed means of 2-3 measurements
+ SD.
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RESULTS

The NOD.H2" genetic environment did not
predispose to increased iodine incorporation in
4

To investigate whether elevated iodide intake leads
to enhanced iodine incorporation in Tg, six-week-old
NOD.H2" mice (n=13) were placed on drinking
water supplemented with 0.05% Nal for 4 weeks,
whereas age-matched control NOD.H2" mice (n= 13)
received normal drinking water for the same period.
Tg was subsequently isolated from pooled thyroids by
gel filtration. Since the mononuclear cell infiltration
of thyroids in ISAT peaks after 8 weeks of iodide
supplementation,? it was reasoned that the thyroids
of either group would yield sufficient amounts of Tg
within the 4-week observation period. Surprisingly,
it was found that the chromatographic elution profile
of Tg from NOD.H2" mice did not show a 660 kDa
soluble Tg peak, regardless of the dietary regimen
used (Figure 1, A & B). In contrast, Tg extracted
from the thyroids of CBA/J mice (n=19) placed on
iodide-supplemented water or BALB/c mice (n=13)

on normal water was eluted in a distinct peak (Figure
1 C & D). To investigate whether this serendipitous
finding was likely to reflect the emerging Tg-specific
autoreactivity in NOD.H2" hosts, we made use of
NOD.Kp™!" mice that share all the MHC and non-
MHC genes of the NOD.H2" strain but lack B cells
due to the deletion of the Igu gene and do not develop
ISAT.” We observed that Tg extracted from NOD.
Ku™" mice (n=13) with or without iodide supple-
mentation had a normal elution profile (Figure 1, E
& F). Iodine determination assays, based on a non
incinerative method and making use of thyroxine
standard curves (Figure 2A), showed that Tg from
NOD.Kpu™!" mice on Nal/water contained 10.9 + 0.3
I atoms per monomer which was not statistically dif-
ferent from the I content of Tg from control NOD.
Kp™" mice (9%2.7 I atoms per monomer) (Figure
2B). The derived values were in accordance with
the I content of Tg from BALB/c mice on normal
water (13.6x1.5 I atoms per monomer), or Tg from
CBA/J mice on Nal/water (8.7%1.0 iodine atoms per
monomer) (Figure 2B). These results suggested that
the genetic environment of NOD.H2" mice is not a
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Figure 1. Elution profiles of thyroid extracts subjected to gel filtration on a Sepharose CL-4B column. Boxes indicate the elution
volume of free Tg used to calibrate the column. The chromatographic elution profile of Tg from NOD. H2™ mice did not show a
660KDa soluble Tg peak in either dietary regimen (A & B). Tg extracted from the thyroids of CBA/J mice on iodine-supplemented
water or BALB/c mice on normal water was eluted in a distinct peak (C & D). Tg extracted from NOD.Km™! mice with or without

iodine supplementation had a normal elution profile (E & F).
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Figure 2. Determination of iodine content in Tg samples. A:
Representative standard curve showing the reduction of opti-
cal density at 410 nm of the iodine-catalyzed ceric-arsenite
reaction as a function of T4 added. B: Iodine content of Tg
preparations isolated, as shown in Figure 1, from thyroids of
mice receiving Nal/drinking water (+Nal) or controls (-Nal).
Each bar represents the mean iodine content of Tg=SD from
two to three independent measurements. The last bar shows
the iodine content of in vitro-iodinated Tg (I-Tg) purified from
BALB/c mice and used as a target Ag in ELISA and cell pro-
liferation assays. Statistical significance was calculated by the
non-parametric Wilcoxon matched pairs test. There was no sig-
nificant difference (p>0.05) in the iodine content of Tg prepa-
rations isolated from NOD.Ku™! mice regardless of the dietary
regimen followed.

predisposing factor for increased iodine incorpora-
tion in Tg under conditions of elevated iodine intake
that induce ISAT.

Serum IgG responses to Tg or I-Tg preparations
in ISAT

To seek immunological evidence that I-Tg forma-
tion occurs during ISAT development, we examined
whether mice developing ISAT will generate IgG
antibodies preferentially responding to I-Tg vs Tg.
To this end, we first monitored the kinetics of ISAT
development in our colony and observed a gradual
increase in disease incidence with low levels of thyroid
mononuclear cell infiltration 7-15 days following Nal
supplementation (Table 1). Significant differences in
both incidence and severity of ISAT were observed
on d28, d42 and d77 after the initiation of Nal intake,
with concomitant Tg-specific IgG responses that were
significantly different between the experimental and

Table 1. ISAT development in NOD.H2" mice

Tg-specific IgG

Mean response*

Thyroiditis Infiltration (O.D.ssnm at 1:50

Time  Diet? incidence Index serum dilution)
Day7 Nal 2/8 0.38 0.11 = 0.00
Control 0/8 0.00 0.11 £ 0.01
Day 11 Nal 4/8 1.00 0.10 = 0.00
Control 1/8 0.50 0.13 £ 0.01
Day 15 Nal 5/8 1.38 0.25 = 0.00
Control 1/8 0.63 0.22 =0.01
Day 28" Nal 9/10 2.00 0.46 = 0.05
Control 0/10 0.00 0.10 = 0.00
Day 42° Nal 9/10 2.20 0.96 = 0.05
Control 1/10 0.20 0.09 = 0.00
Day 77° Nal 10/10 3.5 1.42 = 0.11
Control 3/10 0.8 0.11 £ 0.01

2 Seven to eight-week old NOD.H2"™ mice were placed on water
supplemented with 0.05% Nal for the time periods shown. The
male to female ratio in each experiment was as follows: Day 7, 4:4;
Day 11, 3:5; Day 15, 4:4; Day 28, 4:6; Day 42, 6:4; Day 77, 4:6.

® Significantly higher severity of ISAT in the iodine-fed group
as assessed by the non-parametric Mann-Whitney U test (day
42, p=0.0007; day 77, p=0.0011).

¢ ELISA results are expressed as mean OD values of triplicate
wells = SD. IgG responses to ovalbumin were at background
levels.
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control groups (Table 1). At a time when ISAT was
well established (day 42), the serum IgG responses
from iodine-fed mice did not show preferential re-
activity against I-Tg vs Tg (Figure 3A). To exclude
the possibility that the equivalent responses to these
target molecules were not due to opposing effects of
iodination on the antigenicity of Tg, i.e. blockade of
prior B-cell epitopes and simultaneous formation of
neoantigens by iodine atoms on Tg, we performed
competition assays by ELISA. It was found that free
Tg or I-Tg inhibited equivalently the IgG response
to solid phase-bound Tg (Figure 3B) or I-Tg (Figure
3C). These data did not provide support for the no-
tion that I-Tg constitutes a preferential autoimmune
target in the course of ISAT development in NOD.
H2" mice.

Proliferative responses of NOD.H2"* lymphoid
cells to Tg, I-Tg and Tg peptides during ISAT
development

We next examined possible differences between
Tg and I-Tg antigenicity at the T cell level, in early
and late stages of ISAT development. NOD.H2"
thyroid-draining cervical lymph node cells, isolated
after 7 days of iodide supplementation, were cultured
in the presence of Tg or I-Tg and their proliferative
responses were examined. The SI values against either
antigen were generally undetectable (SI <2), provid-
ing no evidence for differential reactivity to I-Tg in

100,

g
0

early stages of ISAT (Figure 4A). After 28 or 42 days
of iodide supplementation, the spleen cell responses
to Tg and I-Tg were low but comparable (SI values
between 2-4) (Figure 4 B, C). To investigate possible
reactivity against known Tg T-cell epitopes, we used
a panel of A*binding Tg peptides that included the
iodinated epitopes I-p117, I-p179, I-p1931, I-p2529,
I-p 2540'7% and the non-iodinated peptides p226,
p1579, p1826 and p2026.""*! NOD.H2" splenic cells,
obtained 8 weeks after the initiation of Nal supple-
mentation, showed a uniform lack of response (SI
<2) to these peptides (Figure 4 D, E). Collectively,
the above data did not provide evidence that ISAT
is associated with T-cell responses to putative I-Tg
molecules or known thyroiditogenic iodinated Tg
peptides in NOD.H2™ mice.

DISCUSSION

The iodine-mediated acceleration of spontaneous
thyroiditis in NOD.H2" mice has been well confirmed
in several studies*** but the reasons behind this in-
triguing observation remain obscure. Since Tg serves
as a storage molecule of available iodine, we have
examined the iodine content of Tg in mice developing
ISAT, seeking evidence for I-Tg formation in vivo that
might be linked to the higher incidence and greater
severity of the disease. Our study was initially hindered
by the fact that the 660 kDa peak of soluble, free Tg was
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Figure 3. A: Equivalent serum IgG responses to Tg () or I-Tg (o) preparations, assayed by ELISA, at a time (day 42) when ISAT is
established in NOD.H2™ mice with high dietary iodine intake. Results are expressed as mean O.D. values of triplicate wells = S.D;
B: Competitive inhibition of IgG binding to solid phase-bound Tg. Equivalent inhibition was mediated by soluble Tg (e) or I-Tg (o)
preparations; C: Competitive inhibition of IgG binding to solid phase-bound I-Tg suggesting that I-Tg (o) is not a better inhibitor
than Tg (e). Initial concentration of inhibitor was 1210 nM and sera were used at 1:200 dilution. O.D. values from wells without
inhibitor ranged from 1.1-1.2. The inhibition using OVA as a control competitor did not exceed 8%.
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Figure 4. Proliferative responses to Tg and I-Tg using NOD.H2" cervical lymph node cells (A) or splenic cells (B &C) (two mice
per group), on the indicated days following initiation of iodide supplementation. Background levels were: A: 500 cpm, B: 1800 cpm
and C: 760 cpm. Proliferative responses to a panel of iodinated (D) and non-iodinated (E) A* -binding Tg peptides at 10 uM using
splenocytes from male NOD.H2™ mice with ISAT. Background levels were 8800 cpm. Results are expressed as means of triplicate
well values+SD. The overall data do not support the view that, after iodination, intact Tg or Tg peptides become preferential targets

of autoreactive T cells.

not discernible in chromatograms of thyroid extracts
from NOD.H2" mice, especially those exhibiting
both mild ISAT (mean L.I. = 2.00) and circulating
Tg-specific serum IgG, four weeks after the initiation
of the iodine-rich diet. The formation of larger than
usual pellets in centrifuged thyroid extract samples
prior to gel filtration suggested possible generation
of Tg-Ab complexes either in vivo or during the Tg
purification procedure. To circumvent this problem,
we purified Tg from thyroids of B-cell deficient NOD.
H2" mice (NOD.Ku™") which do not develop ISAT
when they receive Nal in their drinking water.”> We
found no significant difference in the iodine content
of Tg between control and experimental groups (9.0 =
2.7vs 10.9 = 0.3 I atoms per monomeric Tg subunit).
Our data are in apparent contradiction with those of
Sundick et al. who observed that CS chickens, which
are susceptible to iodide-induced thyroiditis, incorpo-
rate at least 60 I atoms per Tg molecule when placed
on a high iodide diet (20 mg KI/dl drinking water)."

The reasons behind this discrepancy are unclear, and
the extensive immune dysregulation contributed by
non-MHC genes in the NOD background? precludes
meaningful comparisons between the two models.

The fact that Tg-specific Abs are readily detected in
ISAT?*3 prompted us to look for putative differences
in B-cell reactivity against Tg vs I-Tg preparations.
We hypothesized that chronic iodide consumption
might lead to intrathyroidal generation of Tg with
slightly higher than normal iodine content that might
become a preferred target in the autoimmune pro-
cess. Thus, I-Tg was prepared in vitro with approx.
241 atoms per monomer and its antigenic profile was
compared to that of normal Tg in ELISA. After 7
weeks of iodide supplementation, i.e. at a time when
ISAT is well developed, the serum IgG responses
were equally strong against [-Tg and Tg. Competitive
inhibition assays provided no evidence that iodide
in I-Tg blocked existing determinants or facilitated
formation of neoantigenic epitopes in a manner that
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could skew the autoantibody response. These data
did not provide indirect support for I-Tg generation
in ISAT, although it cannot be formally excluded that
Tg iodination in vitro may differ both qualitatively
and quantitatively from the enzyme-mediated intra-
thyroidal iodination process.

The ease of detection of Tg-specific Abs in ISAT
is in apparent contrast with the very low level of T-cell
reactivity to Tg observed either in thyroid draining
lymph nodes or spleens of NOD.H2" mice.>?” Our
results confirm this finding, which is reminiscent of
analogous observations regarding the insulin-specific
responses in NOD mice developing spontaneous
diabetes.?*?® It has been reported that the natural
autoantibody repertoire of NOD mice is highly active
against self-antigens such as insulin, Tg and DNA%
and it is possible that genetic abnormalities in the
regulation of Tg-reactive B cells in NOD.H2" mice
may contribute to autoimmunity. Iodide has also
been reported to enhance IgG synthesis by human
peripheral blood lymphocytes in vitro.** In our study,
the detection of low but equivalent proliferative cell
responses to Tg and I-Tg in lymphoid organs of NOD.
H2" mice developing ISAT additionally suggested that
the iodine content of Tg does not affect its antigenic-
ity in this model. Furthermore, we could not detect
proliferative cell responses of NOD.H2" spleen cells
to Ak-restricted T cell epitopes of Tg most of which
are known to induce thyroiditis either as iodinated'"*
or non-iodinated peptides.'”!

Our inability to demonstrate formation of I-Tg in
this ISAT model is seemingly at odds with the results
of numerous EAT studies®!:1%31:32 attributing a criti-
cal role for Tg iodination in the disease process. In
several studies, iodine-depleted Tg does not activate
thyroiditogenic T cells but, by raising the Tg iodine
content to normal levels in vitro, the immunopatho-
genicity of the molecule is re-established.!3! At the
other end of the spectrum, highly iodinated Tg may
cause EAT with increased incidence and severity in
SJL mice,'> but when these mice are fed a high iodine
diet, their Tg preparations do not show high iodine
incorporation ex vivo and the mice develop goitrous
hypothyroidism with no apparent autoimmune basis.'®
To our knowledge, in vivo formation of I-Tg in normal
(i.e. non-goitrous) mice exposed to a chronic iodine-
rich diet has not yet been reported.

If enhanced iodine intake does not cause ISAT
via an [-Tg “link” in NOD.H2", mice what might be
its mode of action? In addressing this question, it is
worth mentioning that in the ISAT model a mouse
consuming on average 5 ml of 0.05% Nal/water daily,
receives approximately 2 mg of iodide per day, i.e. a
2000-fold higher amount than that present in normal
diet.* This dietary regimen has recently been shown
to cause damage in the ultrastructure of NOD.H2"
thyroid epithelial cells associated with apoptosis and
necrosis,* a process that might be influenced by pro-
duction of high H,O; levels in NOD.H2" thyrocytes.*
In addition, enhanced iodine intake may upregulate
adhesion molecules such as ICAM-1 on thyrocytes,*
thus accelerating mononuclear cell infiltration into
the thyroid. This process has been postulated to ope-
rate via the elevated generation of reactive oxygen
intermediates.*-” However, the same dietary regimen
does not appear to cause overt histological changes
in the thyrocytes of other mouse strains - except for
SJL®™ - and the genetic factors predisposing NOD.
H2" mice to ISAT remain unknown. Finally, iodine
may amplify inherent defects in immune cells involved
in the autoimmune response, such as dendritic cells,
which have been reported to exhibit phenotypic
and functional abnormalities in NOD.H2" mice as
compared to dendritic cells from CBA mice.*® Iodine
may also directly impair the function of regulatory
T cells that have been known to contribute to ISAT
resistance in NOD.H2" mice.**! Future research
efforts in this area may yield new insights into the
pathogenesis of thyroiditis.
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