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minute intervals, 3.1 ml) in 13 x 100 mm tubes (Fisher-Scientific, Ottawa, ON, CA). The
protein  ntent of each fraction was read at an optical density J.D.) of 280 nm (Kim,
[5unn, & Dunn, 1988). The second peak (660 kD) was collec 1 and dialyzed in | L of
Fisher W5-4 water for 4-6 hours, (HPLC grade; Fisher-Scientific, Ottawa, ON, CA) three
times, with one dialysis} iodlt t o1 night. T was concentrated using an Amicon
ultrafiltration ¢~ (Amicon, Danvers, MA, USA) to ~1 mg/ml, placed in Eppendort tubes
(1 ml/tube) and put into a Speed\ : concentrator SVC100H (Savant Instruments Inc.,
Farmingdale NY, USA) to lyophilize the . 2. Once lyophilized, the Tg was placed in —20

°C.

2.2.2 Preparation of highly iodinated Tg (HI-Tg)

Highly iodinated Tg (HI-Tg) was prepared in our lab using Ic  -beads, following the
manufacturer’s instructions (Pierce Ins iction Manual, Rockford, I" USA). First, each
bead was washed with 500 pl of PBS d dried on filter paper. In a (16 x 100 mm) glass
culture t e containing )0 pl of PBS one bead was added. To the same tube, 20 pl of
Nal ™ 5 1M stock) was added and incubated for 5 minutes. Then, 200 pg/200 pl of Tg
was added to each tube and incuba | for 30 seconds at room temperature while mildly
agitating the tube. This procedure iodinates Tg so that it contains ~30-40 I
atoms/monomeric subunit. After the incubation period, the solution was removed from

the tube to stop the reaction and the bead was washed to ensure all the protein was
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collected. The Tg solution was dialyzed 3 times with Fisher water (1L). The Tg was

pooled and the I content wasde 1~ d, as described in section 2.14.

2.2.3 Tg peptides

The seqr  aces and amino acid coordinates of all peptides are shown ir. . able 2.1.
Peptides p110, pl. . ), and p1826 were synthesized by Sigma-Aldrich (St. Louis, MO,
USA). Peptides p2495 and p2694 were synthesized by Alberta Peptide Institute
(Edmonton, AB, CA) and all oth | tides (p117, Ip117, p179, Ip179, p226, p304, p610,
Ip610, p681, Ip681, p757, Ip757, Ip1390, p1931, Ip1931, p 20 75, Ip2 5, [p2529, p2540,
[p2540, p2617, & 1p2617) were synthesized by ..alton (Toronto, ON, CA). Each peptide

was purified (to > 80%) by HPLC 1d analyzed by mass spectroscopy (Table 2.1).
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2.5 Subcloning of T cell hybridomas by limiting dilution

The cells were harvested and washed 2 times with DMEM. Cells were resuspended in
DMEM + 20% FBS, counted an  set at a starting concentration of 3 x 10* cells/ml. The
cells we serially diluted ten-fold until the final concentration was 3 cells/ml (0.3 T
cells/'we . Blood >m a (. A/J mouse was collected (0.3 ml) and the RBC were used as
filler cells. The RBC were washed once in 10 ml of DMEM, resuspended in DMEM +
20% FBS, and added to the final tube of cells (1% syngeneic RBC as filler cells). Ina 96
well flat bottom plate, 100 pl of the RBC/cell mixture was added to each well and
incubate at 37 °C in a 10% CO,, 90% air humidif | incubator. Seven and 12 days later,
50 pl of DMEM + 20% FBS was added to each well. After 14 days, if growth was
evident, the cells were transferred into a 24 well late. Once the cells reached 75 %
confluency in the well, they were tested for reactivity against | pM of their specific Tg

peptide. This method is described in section 2.13.

2.6  Induction of experimental autoimmune thyroiditis (EAT)

CBA/J mice were immunized s.c. in the back of the neck and se of the tail with 100 pl
of emulsion containing 200 pg of Tg in CFA (with Mycobacterium butyricum; Difco
Laborat: s, D¢ it, MI, USA) on day 0. Half of the mice were boosted on day 21 with
100 pg« Tgin IFA (Difco Laboratories, Detroit, MI, USA) (Chronopoulou &

Carayan otis, 1992). Ondays 7, 21, 28, 35, and 42, the mice were sacrificed: thyroids
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nanopar :les. These labeled cells become trapped on the sid  of the tube when place
into the magnetic field and allow target cells to be separated.

Briefly, RBC-depleted splenocytes were v hed with PBS ar  placed in PBS + 5%
normal rat serum at a cor ntration of 10® cells/ml in a 12 x 75 mm sterile Falcon tube
(Fisher-Scientific, Ottawa, ON, CA). ..at serum was used to prevent non-specific binding
of rat Ab to mouse cells. Next, 50 ul of mouse-CD4" enrichn  at cocktail was added and
the cells were incubated in the dark at 4 °C for 15 minutes. N :t, 100 pl of biotin
selection cocktail was added and the cells were incubated for 15 minutes in the dark at 4
°C. After 15 minutes, 50 ul of magnetic nanoparticles were added to the cells and they
were incubated in the dark for 15 minutes at 4 °C. The mixture was topped up to 2.5 ml
with PBS + 2% FBS and pla  in an EasySep me et for 5 inutes to attract the
magnetically labeled cells to the sides of the tube. The magnet containing the tube was
inverted Hr 2-3 seconds and the CD4'-enriched cells were poured into a new sterile tube

andt 1in T cell proliferation assays.

2.10 Histology

EAT was induced in CBA/J mice by immunization with Tg in CFA, as described in
section 2.6. The thyroid glands were r  oved, still attached 1 the trachea, and placed in
10% formalin \. .sher-Scientific, Ottawa, ON, CA). The lobes of the thyroid v

dissected from the trachea, embedded in methacrylate, and se oned at 3.0 um intervals.

The sections were placed on slides, . sections per slide, stained with haematoxylin and
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Tg peptide-primed T cells are not consistently activated by Tg in vitro. To date, there are
three di rent categories of Tg p _ ides: 1) noniodinated peptides, 2) iodinated peptides
containing hormonogenic sites, and 3) iodinated peptides containing iodotyrosyls (Li &
Carayanniotis, 2006; Carayanniotis 2007). It is known that small doses of Tg peptide
are required (50-200 nmol) to exert similar pathogenic effects on T cells than whole Tg
(20-100 ng/61-303 pmol) (Carayanniotis, 2007). In order to make our results valid and
reliable we used Juimolar concentrations of whole Tg and T septide to ensure that
there were an equal number of molecules of each substance u 1 when testing T cell
reactivity.

In our study, we wanted to determine if T cell itope spreadi . occurs in Tg-induced
EAT in CBA/J mice. We hypothesized that over the course of 6 weeks, CBA/J mice
challenged with T in CFA will show spreading of the immune response to _ptic Tg
peptides. We also wanted to determine if boosting had an ef  on T cell epitope
spreading in Tg-induced EAT in C™ \/J mice t 1se boostir s sential

requiren 1t for the optimal induction of EAT.
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3.3  RESULTS

3.3.1 Induction of EAT in CBA/J mice

CBA/J1 ce were immunized subcutaneously with 200 pg Tg in CFA and 2 mice per
time point were sacrificed on days 7, ©~ "7, 35, and 42. Thyroids were removed and
placed in formalin, histol¢ “cally sectioned and stained, and scored for mononuclear cell
infiltrat 1. In the first experiment (days 7-42), all 10 mice tested had mononuclear cell
infiltration in the thyroid “and ra1 "1g from 1-3 (Table 3.1). Also, there was no
significant difference between early and late time periods with respect to mononuclear
cell infiltration in the thyroid gland (p > 0.05). In the second experiment (Table 3.2),
13/14 w  :developed thyroiditis with an L.I. of 1-4. These data confirmed that EAT was
success lyinduc . in all mice through immunizat  with Tg in CFA and that the time

of sacrif edid nothavear fecton :« opment of disease (Figure 3.1).
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Figure 3.1. Histological »jpearance of mononuclear cell infiltration in thyroid

glands of CBA/J mice after a single injection with T in CFA. Infiltration indices

(I.1.) were scored as outlined in 1

2,day 21, 40X; (C) LI. = 1, day

als and methods. (A) L.I. = 3, day 7, 40X; (B) L. =

', 40X.
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3.3.2 Antibody response to m

Serum was collected during each time period and ELISA was erformed to measure the
level of IgG Ab specific for mTg. Only individual sera, diluted at 1:200, from mice in the
first experiment were tested. All mice 'ven injections of Tg  CFA produced very high
levels of IgG Ab in their serum against n.. g compared to the sera taken from two naive
control CBA/J mice which did not produce Ab to mTg. The two control mice were
sacrificed on day 42 of the experiment at 3-4 months of age and only serum was collected
for testing. Also, the level of antibody increased as disease progressed. This was evident
with an O.D. reading of 1 on day 7, to 3.5 on days 35 and 42 (Figure 3.2). Sera were also

tested against OVA in whichno 3 Ab responses were detected, data not shown.
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3.3.3 T cell epitope spreading after a single s.c. challenge with Tg

CBA/J mice of Table 3.1 and 3.2 had their lymph nodes (day 7) or spleens removed at the
time of sacrifice. T cell proliferation assays w :condu 1 using whole populations of
cells cultured in the presence or ab  ce of 18 cryptic, but pathc~=nic Tg p . ides and
their iodinated analogues (Table 2.1) or whole Tg. T cell epitope spreading did not seem
to occur in EAT, 6 weeks after ir  unization with ~  in CFA, because the T cells from
CBA/J mice did not recognize any of the T peptides tested (Figure 3.3). These results
were confirmed, however, histology was not performed on the thyroids of these mice.
Two later time points (days 56 and 70) were also tested to ensure that T cell epitope
spreading was not delayed in this model (Figure 3.4). In this second experiment the
obsi ed T cell responses to the T~ peptide p179 were not biolc " :ally meaningful
because this Tg peptide also stimulated nai  CBA/J T cells (Figure 3.5) suggesting a
non-specific ef :t. Collectively, tl e data provide no evidence for spreading of the

immune respon after challenge with intact T
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p179 Control
Anti¢c

Figure 3.5. T cell reactivity to p179 in naive CBA/J mice. aive splenocyte
populations were cultured in the presence or absence of p179 for 4 days. S.I. were scored

forpl79 (S.I. =3.3) and t- s were performed (p < 0.0018).
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Figure 3.6. Lack of T cell epitope spreadii in CBA/J mice after 2 challenges with
Tg. CBA/J mice were immunized with Tg in CFA on day 0 and re-challenged with Tg in
IFA on day 21. On days A) 28, B) 35, and C) 42, two mice were sacrificed and T cell
proliferation assays were conducted using whole splenocyte populations cultured in the

presence or absence of Tgand Tg1 _ tides.
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(Dai er al., 2002). Based on the : )ve rationale we hypothesi 1 that iodinated Tg
peptides may be preferential ta ts in IA-SAT in NOD.H2™ ice, and we proceeded to

test their antigenicity at the B and T cell level.
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4.3 RESULTS

4.3.1 lodine-accelerated SAT (1A-SAT)

Male and female NOD.H2"™ mice (6 mice/group) were given 0.05% Nal water at 6-8
weeks of age for a period of 8 v ¢s and control mice (6 mice/group) received normal
water. After 8 weeks, the mice were sacrificed and thyroids v e removed. The thyroids
were placed in 10% formalin and histolc cally sectioned and stained to determine the
level of mononuclear cell infiltration in the gland. Histological analysis of the thyroids
confirmed that NOD.H2™ mice ¢ zlop SAT at an accelerated rate ter drinking Nal
water for 8 weeks. All male NOD.H2™ mice given Nal water developed thyroiditis with
an L.I. of' 4 (Table 4.1 and Figure 4.1). Female mice on Nal 1ter also developed
thyroiditis, but it was less se' 3, ra1 "1g from an LI of 1-3, with one mouse not
developing thyroiditis. In the male control group, thyroiditis was significantly lower with
only 2 out of 6 males developi~~ disease, the highest having an L.I. of 2. However, in the
female control group, 4 out of 6 fen es develo] | thyroiditis and there was no

significant dif cein L.I. sco.  among the two female gro .
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Figure 4.3. Serum IgG responses to Tg and HI-Tg from male, 6-8 week old
NOD.H2" mice. Pooled sera from 6, 6-8 week old male NOD.H2™ mice at a starting
dilution of 1:100 were tested for the presence of IgG specific for Tg and HI-Tg. The O.D.

was measured at 405 nm after 30 minutes.
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Figure 4.4. 1gG response to Tg peptides and their iodinated analogs using male
NOD.H2" mouse sera. Male, 12-14 week old (A) and naive 6-8 week old (B)
NOD.H2"™ mouse sera were collected from mice on normal and 0.05% Nal water for 8
weeks. The sera were pooled, 3 mice per group, and used at a 1:20 dilution. The O.D.
was measured at 405 nm and read after 30 minutes. A response was deemed significant if
it was 2 SD above the average background. The line in the figures represents the average
background which ranges from 0.065 — 0.099 for the older mice and 0.066-0.077 for the

younger mice.
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4.3.4. NOD.H2" BM-DC cannot process HI-Tg or Tg to generate I-p117, I-p304, &
I-p1931

To determine if the lack of'a T cell response to our panel of T peptides was due to a low
frequency of T cells present in the spleen and ... LN of NOD.H2™ mice on 0.05% Nal
water for 8 weeks, we decided to test T cell clones for reactivity to specific Tg peptides.
We hypothesized that HI-Tg (43.2 I atoms/monomeric subunit), but not normal Tg (15-20
[ atoms/monomeric subunit), m™ “it be differentially processed and presented by
NOD.H2™ BM-DCs to generate the cryptic pathogenic Tg peptides [-p117, [-p304, and I-
p1931 which will be recognized by A*-restricted . 2 peptide-specific T cell clones. BM-
DC were generated from NOD.H2™ mo1 :bonem: w and cultured in the presence of
10% GM-CSF for 10 days. On day 10, an activation ar 1ywast o :d using BM-DC
and three CD4" T cell hybridoma clones specific for the Tgp ides I-p117, I-p304, and
[-p1931. These cells were cultured in the presence or absence o. . g, HI-Tg, specific Tg
peptide, and control T peptide. Hybrido1 activation was assessed by measuring the
IL-2 content in culture supernatants usit  a proliferation assay of the IL-2 dependent
CTLL cells. It was found (Figure 4.7) that none of the hybridomas were activated upon
culture with Tg, HI-Tg or control peptide (p304). Only their ecific ligand as a free
peptide (I-p117, [-p304, or [-p1931) could activate the hybrid nas to secrete IL-2. These
findings do not support the hypothesis that enhanced iodinatic of Tg facilitates the

generation of these iodinated peptides during Tg processing in vitro.
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mice. In NOD.H2" mice that were given Nal water for 8 we 3, we noticed that the [gG
response to I-p117 and 1-p304 were low or similar to control mice. However, the [gG
response to [-p2617 was significantly lower than in the controls. These results confirm the
notion that the presence of I, atoms within p117 and p304 does not alter their antigenicity.
However, the reduction of the IgG response to the . g peptide 1-p2617 in I,-fed mice is
more difficult to explain. If dietary I, antigenically modifies~ it might be possible that
iodination of tyrosyls close to the 1-p2617 site mi it alter the immunodominance
hierarchy, resulting in a decrea  response. If dietary I, does not antigenically modify
Tg, 1t is hard to see why there is  selective IgG response to 1-p2617, as was the case with
the response to p2026 above.

Duc to a lack of published data on the T cell involvementin  -SAT in NOD.H2"™ mice,
we decided to study IA-SAT attl T cell level. lodine is incorporated into the Tg
molecule (Dunn, 1995), but we do not know if T- iodination level influences
development of IA-SAT. We h__ sthesized an increase in dietary I, intake by
NOD.H2™ mice will modify the Tg molecule generatii  1eodeterminants. However, we
could not detect T cell responses to any of the 18 Tg peptides, Tg, or HI-Tg in both spleen
and cervical draining lymph nodes. This lack of response may be due to a variety of
factors: 1) there may be alow f _uency of © peptide-specific T cells present in the
spleen and TDLN, 2) Tg-peptide specific T cells may be present in these areas, however,
we have not tested the proper Tg peptides, and 3) T cell priming could have occurred

earlier than 8 wee' and thert re the T cells may have migrated to the thyroid. As
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be the same as the kinetics in her colony and this1 s to be determined. With these new
kinetics data we can better interpret our results and better plan our experiments in order to

ensure optimum IA-SAT development in our mice on Nal we r and normal water.
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