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SUMMARY

Injection of AKR/N mice with fibroblasts co-expressing MHC class Il and TPO in the absence of
adjuvant induces lgG-class TPO antibodies that resemble spontaneously arising human thyroid
autoantibodies. We have used this model to examine the effect of iodide on TPO antibody induction
as well as to analyse the interaction between T and B cells. Despite its importance as a major
environmental factor in thyroid autoimmunity, variable iodide intake had no detectable effects on TPO
antibody levels, lymphocytic infiltration of the thyroid or thyroid hormone levels. In terms of T cell
responsiveness, splenocytes from TPO fibroblast-injected mice, but not from control mice, proliferated
in response to TPO. Intriguingly, B cell-depleted splenocytes (mainly T cells without reduction of
macrophages) proliferated in response to TPO only when co-cultured with irradiated autologous
splenocytes from TPO fibroblast-injected mice but not from control mice. These data suggest that
TPO-specific B cells are involved in antigen presentation to sensitized T cells and are supported by the
ability of spleen cells from TPO cell-injected (but not control) mice to secrete TPO antibodies
spontaneously in culture. In conclusion, we provide the first evidence for the presence of thyroid
autoantigen-specific B cells and their ability to present their autoantigen to sensitized T cells in mice
induced to develop TPO antibodies resembling autoantibodies in humans.
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INTRODUCTION rabbits to Tg [7] or in mice to TPO [8] recognize diverse epitopes,

The hallmark of human thyroid autoimmunity is the presence Ofwh_ereas human autoantibodies |nt_e ract \.N'th a rt_ast_rlcted set of

IgG-class autoantibodies to a membrane-bound glycoprotein Tpspltopes on the same molecule (reviewed in [9]). Similar observa-
. : ; : ; . filons have been made for the acetylcholine receptor [10] in

(reviewed in [1]). In contrast, thyroid autoimmunity developing asthenia aravis

spontaneously in animals is characterized by antibodies to qv 'a gravis. L o

soluble glycoprotein, thyroglobulin (Tg) (for example [2—4]). Recently, we demonstrated that mice injected with fibroblasts

! - . =7 . co-expressing TPO and autologous MHC class I, but not mice
The contrast between human and animal thyroid autoimmunit . o . -
u : yroid autoimmunity 19 ected with purified TPO and adjuvant, develop TPO antibodies

based, at least in part, on the abundance and ease of isolation of 1‘@ RS A - o

. - o ; e that closely resemble autoantibodies in thyroid autoimmunity in
versusthe relative paucity of TPO and difficulty of its purification i f thei ¢ \v hioh affinities for TPO (Kd
from thyroid tissue (reviewed in [1]). However, despite the erms of fheir extremely hign atiniies for (Kd approx.

—10 . . . . . . o
molecular cloning of both human and rodent TPO (reviewed in10 M) and interaction with restricted epitopes in an ‘immuno

[1]), only a few investigations in animals have focused on TPO asdominan'[’ region [11]. Differences of this nature may explain the

an autoantigen [5,6]. ability of fibrc.)blasts.e.xpressing class Il gnd the thyr.otropir? (TSH)
In the absence of spontaneous models, autoimmunity is ofteﬁece_pt_or, ”.”""e. purified rgcgptor an_d adjuvant (reviewed in [12]),
induced with purified antigen and adjuvant. It is not alwaysto elicit antl_bodles that mimic t_hg stimulatory effects of TSH and
appreciated, however, that antibody responses elicited by thigause.autmmmune hyperthyrqldlsm [13-15]. . . .
approach may show major differences from human autoantibodies, . ' 1S NOVe! approach provides the opportunity to investigate

Thus, antibodies generated by conventional immunization incrltlcal issues associated with thyroid autoimmunity, such as iodide

intake (reviewed in [16]) and analysis of T cell responses in mice

Correspondence: Sandra M. McLachlan, Cedars-Sinai Medical Centefhat deV?mp TPO antibodies resembling those arising sponta-
8700 Beverly Blvd, Suite B-131, Los Angeles, CA 90048, USA. neously in humans. In the present study, we found no effect of
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variable dietary iodine on the antibody response to TPO. Howeveryariable dietary intake
we observed that lymphocytes from mice injected with TPO Variable iodide intake involved two cycles of low iodide followed
class II" fibroblasts exhibit moderate proliferative responses toby high iodide intake as follows. Mice were fed low iodide chow
TPOin vitro. Moreover, and most intriguingly, T cell responses in (0-05 mg/kg; Harlan, Teklad, Madison, WI) for 12 days. For the
these immunized mice appear to require TPO-specific B cells afirst 10 of these 12 days, 0-01% methimazole (Sigma) was added to
antigen-presenting cells (APC). the drinking water. Subsequently, mice were fed normal mouse
chow and water containing 0-05% potassium iodide for 2 days.
MATERIALS AND METHODS Sl_myllar cycles of low iodide fgllowed by high |0d|Qe, Lo-1, then _
Hi-I', have been shown to induce acute, transient damage in

Induction of immune responses using TP@ass IIf fibroblasts outbred mice [19].
RT4.15HP fibroblasts [17] (kindly provided by Dr R. Germain, The study involved four groups of mice (Fig. 1): (i) uninjected
NIH, Bethesda, MD) were stably transfected with the cDNA for mice maintained throughout the study period on normal chow; (ii)
human TPO [18] (pECE-hTPO together with pSV2-NEO) and mice exposed to two cycles of ‘Lo-I, then Hi-I' intake; (iii) mice
selection with G418 (40@g/ml) as described previously [11]. maintained on normal chow and injected on six occasions with
RT4.15HP fibroblasts express a recombinant MHC class IITPO" class II" fibroblasts; and (iv) mice subject to variable iodide
molecule essentially identical to MHC class Il (I-Ak) of AKR/N intake juxtaposed to combine the first and fourth injection of TPO
mice [17]. Expression of cell surface TPO was determined byclass II* fibroblasts with availability of high iodide.
flow cytometry using a human monoclonal TPO autoantibody
Fab (WR1.7) and PE-conjugated anti-humarfCaltag, Burlin-  Thyroid histology and serum thyroxine (T4) levels
game, CA). The highest expressing TPO clone was expanded iAt euthanasia, the thyroid glands were removed (together with
Dulbecco’s modified Eagle’s medium (DMEM) with high glucose, surrounding tissues), fixed in 4% paraformaldehyde pH7-0
10% fetal calf serum (FCS), antibioticsi@@o BRL, Gaithersburg, (Sigma) and paraffin sections stained with haematoxylin and
MD) in the presence of HAT medium (Sigma Chemical Co., Steosin. Serum total T4 levels were measured by radioimmunoassay
Louis, MO). Class Il expression was confirmed by flow cytometry (Coat-a-Count, Total T4; Diagnostics Products Corp., Los
using FITC-conjugated anti-IA-k() (Pharmingen, San Diego, Angeles, CA) and expressed ag/dl relative to a standard curve.
CA).

Six-week-old female AKR/N mice (National Cancer Institute, Purified TPO for proliferative studies and antibody
Bethesda, MD) received six i.p. injections at two weekly intervalsmeasurements
of TPO-expressing RT4.15HP fibroblasts {1€ells/injection).  Recombinant human TPO, secreted by Chinese hamster ovary
Fibroblasts were pretreated with p@/ml mitomycin C (Sigma). cells, was affinity-purified from culture medium as reported [20]
Ten days after the final injection, mice were euthanized to obtairand the buffer exchanged to PBS using Centricon 50 columns
i.p. cells, spleens, blood and thyroid tissue. All animal studies weréAmicon Inc., Beverly, MA). Concentration was determined by
performed in accordance with the highest standards of humanspectrophotometry at optical density (OD) 280 nm (extinction

care. coefficient 17-9) and purity by PAGE.
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Fig. 1. Protocol to investigate the effect of variable iodide intake on AKR/N mice that were untreated or injected on six occasions at 2-weekly
intervals with viable, mitomycin C-treated TP@Iass II" RT4.15HP fibroblasts. Lo |, Low iodide chow (see Materials and Methods) for 10
days plus 0-1% methimazole in drinking water; low iodide chow plus normal water for 2 days; Hil, normal chow plus 0-05% potassium iodide
in the drinking water for 2 days.
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Serum antibodies to TPO (IgG class) Aliquots were analysed by flow cytometry (FACScan with Cellquest
As previously described [11], duplicate aliquots of mouse sereSoftware; Becton Dickinson, San Jose, CA) for T cells, B cells and
(diluted 1:20 unless specified otherwise) were incubated ¥th macrophages using biotinylated anti-Cle&hain, anti-B220 and
TPO (20000 ct/min) labelled using iodogen to a specific activity ofanti-Mac-kx followed by streptavidin—FITC (all from Pharmingen).
approx. 5uCi/mg). Protein A (Pansorbin; Calbiochem, La Jolla,
CA) was used to precipitate the antigen—antibody complex. After
washing with assay buffer (OMLNaCl, 10 m1 Tris—HCI pH7-5, Invitro synthesis of TPO antibody by spleen lymphocytes
0-1% Tween 20, 0-5% bovine serum albumin (BSA)) and centri-Spleen cell suspensions were cultured (approsxd @ cells/ml) in
fugation, radiolabelled TPO remaining in the pellets was countedRPMI 1640 containing 10% FC&;glutamine and antibiotics (see
When indicated, non-speciff®3-TPO binding by normal mouse above) in round-bottomed tubes. Duplicate aliquots were cultured
serum (approx. 3% of total ct/min) was subtracted in calculatingin the presence and absence of pokeweed mitogen (PV¢NmMB8
the percentagé?3-TPO bound by antibodies in TPO-injected Gieco BRL). For each mouse studied, additional aliquots were
mice. frozen (—80C) and thawed three times to provide background
Because mouse antibodies of subclass IgG3 and particularlpinding values in the TPO antibody assay (see below). After
IgG1 bind very poorly to Protein A [21], we performed a separateincubation for 10 days (3T, 5% CQ), culture supernatants
assay using anti-mouse IgG (no subclass bias) coupled to a solisere harvested by centrifugation (16)0 The very low levels of
phase (Sac-cel; IDS, Tyne & Wear, UK). We observed a closeTPO antibody secreteih vitro were undetectable by*3-TPO
correlation between Protein A and anti-mouse 1gG solid phase iminding (see above). Therefore, we tested these culture super-
terms of their ability to precipitaté?3-TPO bound by mouse sera natants by ELISA using wells coated with purified TPQuml;

obtained in the present study=£0-99,P<0-001,n=18). see above) and, as a control, with BSAgImI; Sigma). The assay
was performed as previously described for TPO-specific mouse
T cell responses to TPO MoADb no. 47 [8] using horseradish peroxidase (HRP)-conjugated

Intraperitoneal cells and spleens were obtained at euthanasianti-mouse 1gG (Sigma) followed by orthophenylene diamine as
Spleens were subsequently dispersed to form single-cell suspesubstrate [22]. OD 492 nm values for the ‘freeze—thaw’ samples
sions and both spleen and i.p. cells were stored in liquid nitrogenwere subtracted from the data obtained for cells cultured in
The spleens of TPOfibroblast-injected mice were not enlarged medium or with PWM.
compared with uninjected mice and 7onIy limited numbers of

splenocytes (up to a maximum ofx20) were available from RESULTS
each mouse.

Responses to TPO were assessed in three different types #PO antibodies in AKR/N mice exposed to variable iodide intake
systems: (i) in preliminary studies, spleen lymphocytes at approxUninjected AKR/N mice on regular diet (constant iodide) or
3x 10° cells/well were incubated with increasing concentrations ofexposed to variable iodide intake had undetectable 1gG class
TPO (1-3Qug/ml) in 96-well round-bottomed plates; (ii) in the TPO antibodies in their sera (approx. 2%*6f-TPO bound). In
majority of experiments, spleen cells or (in a few cases) i.p. cellxontrast, mice injected with RT4.15HP fibroblasts co-expressing
were cultured at 1-210° cells/well together with an equal TPO and class Il developed high levels of TPO antibodies506
number of autologous, irradiated (20 Gy) spleen cells as feeders?3-TPO bound) irrespective of their iodide intake (Table 1).
and (iii) in some studies, B cell-depleted spleen cells (see belowpetailed analysis of TPO antibody binding in these sera over a
were used as responders (approx.14’ cells/well) together with  range of dilutions (1:20—1:5000) confirmed the similarity between
irradiated unseparated spleen cells<x(@° cells/well). Culture  antibodies in mice on constant or variable iodide intake. Thus,
medium was RPMI 1640, 10% fetal bovine serum (FBS),M2m most mice had comparable high titres of TPO antibodies, but one
glutamine, 5Q.g/ml gentamycin (all from the UCSF Culture mouse in each group had a lower titre (Fig. 2). Thyroid lympho-
Facility, San Francisco, CA), 5v pB-mercaptoethanol (EM cytic infiltration was not observed in any group of mice. Moreover,
Science, Gibbstown, NJ),and 100 U/ml penicillin (Sigma). After irrespective of the presence or absence of TPO antibodies, all mice
5 days at 37C, 5% CQ, 1xCi °H-TdR (NEN Life Science had comparable serum levels of free thyroxiRe<0-217, analysis
Products, Boston, MA) was added to each well and cultures weref variance) (Table 1).
harvested approx. 18 h later for scintillation counting using a PHD
Cell Harvester (Cambridge Technology Inc., Watertown, MA) or, Proliferative responses to TPO in conventional spleen cell
in some experiments, using a Tomtec Harvester 96 (Orange, COgultures

Data are presented as ct/min (mears.e.m. for triplicate  In conventional cultures (approx.<40° cells/well), splenocytes
cultures) or as a stimulation index (SI, the ratio of mean ct/minfrom two TPO' class II' fibroblast-injected mice gave small but

in the presence of TPO:mean ct/min in medium alone). statistically significant proliferative responses to TPO after 5 days
incubation (Fig. 3a, mice a and c). Splenocytes from only one of
Depletion of B lymphocytes from spleen cell suspensions these two mice (mouse c) proliferated in response to TPO after a

Spleen cells from mice injected with TPQclass II fibroblasts ~ shorter incubation period (3 days; data not shown). Consequently,
were incubated (30 min,°@) with biotin-conjugated anti-B220 5 days appeared to be the optimal incubation interval for TPO-
(Pharmingen, San Diego, CA). After washing (PBS pH 7-4, 0-1%induced proliferative responses in TPO antibody-positive mice.

BSA), the spleen cell suspension was incubated with streptavidinHowever, splenocyte responses from another similarly injected
coated magnetic beads (M-280 Streptavidin; Dynal, Lake Successpouse (mouse b) were not significantly increased following

NY) and incubated (30 min,°€). B220" cells were then removed incubation with TPO. Moreover, no response was detected in
using a magnet to provide a B22@opulation. ‘B-depleted’ spleen cultures containing higher numbers of splenocytes (approx.
cells were washed and used in proliferation studies (see aboved.x 10° cells/well; mouse d, Fig. 3a).
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Fig. 2. lodide intake has no effect on TPO antibody titres in AKR/N mice injected with TBI&@ss II" RT4.15HP fibroblasts. Serial dilutions
(1:20-1:5000) of TPO antibody binding in mice on a normal iodide diet (a) and on a variable iodide diet (b). Binding values are corrected for
background binding by normal mouse serum (approx. 3%, see Materials and Methods).

Intraperitoneal cells co-cultured with irradiated autologous splenocytes from four of five mice injected with TP@Ilass IIf
splenocytes fibroblasts (animals f,g,h and i) responded significantly to
Recently, it has been reported that adoptive transfer into naivene or more concentrations of TPO (Fig. 3b, upper panel).
recipients of i.p. cells (but not splenocytes) from mice previouslyComparable®H-TdR incorporation was observed for animals
injected with TSH receptor expressing classRT4.15 fibroblasts  on normal diet (mice f and g) and mice on variable iodide intake
accelerated thyroid dysfunction [14]. On this basis, we examinedmice h and i). In contrast, splenocytes from only one of five
the proliferative response to TPO of i.p. cells from mice injectedmice (mouse n) on variable iodide intake gave a statistically
with TPO-expressing classlifibroblasts. Only limited numbers significant response to TPO (Fig. 3b, middle panel) and spleno-
of i.p. cells were available from each mouse. Consequently, weytes from none of four uninjected mice responded to TPO
co-cultured ‘responder’ i.p. cells with an equal number (approx.(Fig. 3b, lower panel).
2x 10° cells/well) of irradiated autologous spleen cells as ‘feeders’  As there was no major effect of dietary iodide intake on the
in the presence or absence of TPO. No proliferative responses t&plenocyte proliferative responses to TPO, we pooled the data for
TPO were observed (data not shown). In retrospect, this result wasninjected mice f=9) for comparison with the data for mice
not surprising, because of the very small number of T cells (approxinjected with TPO class II" fibroblasts (= 9; four mice studied
2% estimated by flow cytometry) within the i.p. population. The in conventional cultures and five mice studied in co-cultures
control cultures for these negative data, however, provided usefudontaining irradiated splenocytes). The proportion of mice whose
information and led to experiments described below. splenocytes proliferated in response to TPO was significantly
higher among TPO cell-injected mice (six of nine animals) than
Splenocyte responses to TPO when co-cultured with irradiated in the group of uninjected mice (one of nine animals) (Fisher's
autologous splenocytes exact testP = 0-05). Moreover, proliferation (expressed as Sl) was
In examining the potential proliferative response of i.p. cells, significantly increased at 3 and @6/ml TPO for splenocytes from
parallel control studies used spleen cells as responders co-culturddPO fibroblast-injecte@ersusuninjected mice (Fig. 3¢ <0-019,
with irradiated autologous spleen cells. Under these conditionsMann—Whitney rank sum test).

Table 1. Serum thyroxine (T4) levels are unchanged in AKR/N mice exposed to variable iodide intake alone or in association
with TPO antibodies induced by injecting RT4.15 fibroblasts co-expressing TPO and MHC class I

129.TPO bound T4 fg/dl)
Treatment of AKR/N mice (mean s.e.m.) (meart s.e.m.)
Untreated i =5) 2:1+0-1 3:2£0-3
Variable iodide intaker(=5) 2:3=0-1 2:7£0-3
TPO' class II' cells (1=5) 58.5:+ 2.8** 2:2+0:5
TPO' class II' cells + variable iodide intaken(= 3) 55.7+ 4.1* 2:9+0.7

Variable iodide intake involved two cycles of low iodide followed by high iodide (see Materials and Methods). TPO
autoantibodies are expressed"&3-TPO bound (all sera diluted 1:20).
Values significantly different from those for untreated miceP*% 0-008;P = 0-036 (Mann—Whitney rank sum test).
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Fig. 3. Splenocytes from AKR/N mice injected with TPQlass II fibroblasts, unlike splenocytes from uninjected mice or most mice on
variable iodide intake, proliferate in response to TiR@itro. (a,b)*H-TdR incorporation by splenocytes incubated for 5 days with increasing
concentrations of TPO in conventional cultures (a) and co-cultures containing irradiated autologous splenocytes (b). Data are shown as ct/min
(mean+s.e.m.) for splenocytes from individual mice (indicated by ‘a’, ‘b’, etc.) previously injected with'T&Ds (1= 4, (a);n=5, (b)),

mice exposed to variable iodide intake=£ 5, (b)) or untreated mice on normal iodide intake<(4, (b)). The dashed line in (b) indicates the

mean+ 2 s.d. of thymidine incorporation by irradiated splenocytes used in co-cultures. Values significantly different from the response in
medium without TPO: P<0-05; *P<0-01 (Student's-test). (c) Stimulation indices (Sl; meahs.e.m.) for the response to TPO by
splenocytes from mice injected with TP@lass II" cells (1= 9) and from uninjected micar& 9). Values for spleen cells from injected mice
significantly higher than those for spleen cells from uninjected mice cultured with the same concentrations oPER@M19; Mann—

Whitney rank sum test).

B cells from TPO-immunized mice appear to be required for the unseparated spleen cells from TPO fibroblast-injected mice or
response of sensitized T cells to TPO from uninjected mice (Fig. 5a). Because relatively low numbers
The very high affinity (Kd approx. 10:°m) of TPO antibodies  of splenocytes are available from TPO cell-injected miea
induced by injection of TPOclass II' fibroblasts, in contrastto  cells/animal, approx. 15% of which are T cells), it was necessary to
conventional immunization with purified TPO and adjuvant, led pool splenocytes from three TPO cell-injected mice for each
us to hypothesize that B cells may play a role in TPO pre-experiment. A significant proliferative response to TPO was
sentation to sensitized T cells in this model [11]. We investigatedobserved when B-depleted splenocytes (pooled from mice t and
this possibility by depleting B cells from splenocytes of u)were co-cultured with irradiated splenocytes from the same TPO
TPO cell-injected mice. We first confirmed by flow cytometry fibroblast-injected mice but not from control mice (Fig. 5b).
that our protocol for removal of B220 cells effectively  Similar observations were made with splenocytes pooled from
decreased the B cell proportion from approx. 66% to 7%.mice h, t and u (Fig. 5¢). The lower counts (approx. 10-fold) in the
Accordingly the proportion of T cells and macrophages waslatter study probably reflect a smaller recovery of T cells after B
increased (Fig. 4). cell depletion. These studies with pooled T cells supplement the
To assess proliferation, B-depleted splenocytes were culturedbove evidence for a proliferative response to TPO from spleno-
in the absence or presence of TPO together with irradiatectytes of individual mice (see above). More importantly, TPO
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] Protocol for studying proliferation to TPO by B-depleted spleen cells
Fig. 4. Removal of B220 cells from spleen cells depletes B cells and containing T cells and macrophages (‘Responders’). These cells were co-
enriches for T cells and macrophages. Spleen cells were analysed by flowitured with irradiated unseparated spleen cells from TPO fibroblast-
cytometry before and after removal of cells labelled with biotinylated anti- injected mice or from control mice. (b,éH-TdR uptake by B-depleted
B220 using streptavidin-coated beads. B cells, T cells and macrophagggsponder splenocytes. Responder cells from three mice were pooled (mice

were labelled with biotinylated antibodies (anti-B220, anti-€@8d anti-  t and u, (b); miceh, t and u, (c)) and cultured with irradiated spleen cells
Mac-1o, respectively) and detected with streptavidin—FITC (Materials andfrom TPO fibroblast-injected mice or control mice with or without TPO.
Methods). Data are the meart s.e.m. ct/min. Values significantly different from

cultures without TPO: P<0-03 (=2-59, (b)); P<0-01 (=312, (c)).
induced T cell proliferation only in the presence of irradiated
splenocytes from TPO-injected mice.

These data suggest that TPO-specific B cells in the irradiated
splenocytes play a role in TPO presentation to T cells sensitized *
invivo, for two reasons. First, there was no reduction in the 012 -
macrophage population in the B-depleted responding cells and
the macrophage and dendritic cell populations in the irradiated
‘feeder’ splenocytes were unmanipulated. Second, in contrast to B
cells, there is no mechanism for specific TPO uptake by macro-
phages and dendritic cells. The only APC with specificity for TPO
can be the B cells in the irradiated ‘feeders’ from the mice injected
2 weeks previously with TPO-expressing fibroblasts.
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TPO antibody synthesis by spleen lymphocitestro -
Support for TPO-specific B cells as APC would be the ability of
spleen lymphocytes from TPQclass II" fibroblast-injected mice 0-00

to synthesize TPO antibodies in culture. Indeed, splenocyte culture TPO ) BSA TPO ) BSA
supernatants (10 days) from TPO fibroblast-injected contained Medium y;s\‘/‘;ﬂm

low, but significantly higher, levels of IgG-class antibodies to

TPO than supernatants from uninjected mice splenocyte supef’:-ig' 6. Evidence for.TPO ant_ibpdy synt_hesis by cultures of splenocytes
natants (Fig. 6;P<0-019, Mann—Whitney rank sum test). In from TPO' class II* fibroblast-injected mice. Supernatants were collected
from splenocytes cultured for 10 days in the presence or absence of

cqr;]trast, ho difference was observed Wlth_ ELISA Wells_coatedpokeweed mitogen (PWM). Cultures of splenocytes from TPO cell-injected
with BSA. Moreover, spontaneous TPO antibody production wa: W, n=4) or uninjected [, n=6) mice were analysed by ELISA using

reduced by PWM. This pattern of spontaneous TPO antibody|ates coated with recombinant TPO or bovine serum albumin (BSA). Data
production and inhibition by the mitogen is characteristic of are expressed as optical density (OD) 492 (meare.m.) after subtraction
thyroid autoantibody synthesis by thyroid-infiltrating lymphocytes of background levels determined in parallel cultures for each donor mouse
(for example see [23)). by freeze—thaw 3) of splenocyte suspensions.
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DISCUSSION autoimmune thyroid disease. Moreover, thyroiditis is relatively
non-specific, as it also occurs in some thyroid carcinomas [31].
TPO antibodies with high affinities and epitopes similar to sponta-Clinical disease (hypothyroidism) rarely if ever develops in the
neously arising autoantibodies in human disease are induced lyonventional models of thyroiditis induced using antigen and
injecting AKR/N mice with TPJ class II' fibroblasts, but not by  adjuvant. The major characteristic of thyroid autoimmunity in
conventional immunization with purified TPO and adjuvant [11]. humans is the presence of high-affinity autoantibodies that interact
One objective of the present study was to use this new approach with restricted epitopes on TPO. Consequently, the second and
examine the effect of iodide on TPO antibody induction. Secondmore important aspect of our study was to examineithétro
we wished to analyse the relationship between T and B cells in aesponsiveness to TPO of splenocytes from mice injected with
TPO antibody response comparable to that in human disease. IlPO' class II" fibroblasts, at a time when all animals had TPO
terms of our first objective, we found that variable iodide intake autoantibodies. Proliferation in response to TPO (presumably
had no evident effect on TPO antibody induction or thyroid reflecting sensitized T cells) was detected using splenocytes from
function in this model. On the other hand, we observed thattwo-thirds of TPO class II* fibroblast-injected mice. The magni-
splenocytes from TPO cell-injected mice (but not control mice)tude of the proliferative responses was relatively small, reaching a
proliferated in response to TPO. Most importantly, antigen-specifiomaximal Sl of approx. 6-0 in two mice. In contrast, Sl values of
B cells appeared to be involved in antigen presentation to T cell$-0—10-0 are induced by Tg in primary cultures of lymph node
from mice with an established TPO antibody response. lymphocytes from mice immunized with Tg and Freund’s com-
Both aspects of our present study concern critical issues iplete adjuvant [32].
human autoimmune thyroid disease. Dietary iodine is a major Although our model relates to antibody production, not
environmental factor in thyroid autoimmunity (reviewed in [16]). thyroiditis, in our view it is closer to some features of sponta-
Thus, increased iodide intake can cause either hypothyroidism ameously arising human thyroid autoimmunity than other induced
iodide-induced thyrotoxicosis in humans (reviewed in [24]). In models for the following reasons. First, we examined T cell
iodide-induced hypothyroidism, the individuals most susceptibleresponses in splenocytes from mice that develop TPO antibodies
to iodide are those with thyroid autoantibodies [30]. lodine also hagradually over a period of 3 months following exposure to low
major effects in animal models of spontaneous and inducedevels of TPO (approx. 0g/mouse distributed over six injec-
thyroiditis. For example, exposure to iodide enhances spontaneoui®ns) [11]. In contrast, T cell studies in response to conventional
thyroiditis and Tg autoantibody levels in Obese strain chickenagmmunization with Tg are usually performed 7-10 days after a
[25], BB rats [26—28] and NOD-H!? mice [4]. Moreover, the single injection of high concentrations of antigen (approxu60
antigenicity of Tg is influenced by its iodide content [4,25]. mouse) using lymphocytes from draining lymph nodes. An impor-
Despite evidence for the importance of iodide in humans andant second difference was that our protocol avoids the use of
murine models, we found no difference between antibody levels oadjuvant, ‘the immunologist’'s dirty little secret’ [33]. Bacterial
T cell responses in either TPO cell-injected or uninjected mice orproducts enhance expression of costimulatory molecules [34].
constant or variable iodide intake. Previous investigations havé-inally, in our approach the immunogen was provided as a
demonstrated acute thyroid epithelial cell necrosis and inflammafunctional cell surface protein similar to TR@vivo.
tion in mice maintained on a low iodide diet, injected with high The weak T cell proliferative responses that we observed are
doses of iodide and studied 48 h later [19]. In contrast, our miceconsistent with the similarly modest responses of primary lym-
were studied 6 weeks after the two cycles of similar low, followed phocyte cultures from autoimmune thyroid disease patients in
by high, dietary iodide intake. The lack of an iodide effect on TPOresponse to eukaryotic preparations of intact native TPO and Tg
antibody induction and T cell responsiveness is likely to be relatedfor example see [35]). We suggest that similar weak responses
to the absence of thyroid lymphocytic infiltration in our model. may be characteristic of other organ-specific autoimmune diseases.
Unlike observations of enhanced thyroid autoantibody productiorindeed, a variety of approaches is commonly used to amplify such
invitro following exposure to exogenous iodine [29], our data modest responses in human autoimmunity. Thus, supplementation
suggest that a response to iodide requires an interaction betweevith IL-2 can enhance proliferation in primary cultures in response
the thyroid and the immune system. to Tg [35] and to TPO in some [36,37] but not all [38] TPO-specific
Although the lack of thyroid inflammation in AKR/N mice T cell lines or clones. Synthetic peptides, as opposed to native
injected with class It TPO" fibroblasts is not fully understood, it protein, may also induce higher responses in primary cultures.
is consistent with the similar ‘Shimojo’ model for generating However, as illustrated for the acetylcholine receptor in myas-
stimulating TSHR antibodies by injecting the same strain ofthenia gravis, use of peptides frequently fails to expand T cells that
mice with fibroblasts co-expressing MHC class Il and the humarrecognize the intact antigen responsible for the respamsiro
TSHR [13,14,30]. The development of Graves'-like hyperthyroid- [39].
ism in some mice by the Shimojo approach indicates antibody The most intriguing finding in our mouse model is that it
cross-reactivity with the mouse receptor. It is well known that provides the first evidence for both the presence of thyroid
TSHR autoantibodies in some Graves’ sera recognize the moussutoantigen-specific B cells and their ability to present their
TSHR (reviewed in [12]). In contrast, human autoantibodies toautoantigen to autologous T cells. Thus, B cell-depleted spleno-
TPO usually do not cross-react with TPO from non-primates [1].cytes (mainly T cells without reduction of macrophages) from TPO
Thus, it is possible that the response to fibroblasts bearing humaantibody-positive mice proliferated in response to TPO only when
TPO may not break tolerance to murine TPO and cause thyroido-cultured with irradiated autologous splenocytes from TPO
damage. Also, H2-k strain (like AKR/N) mice do not develop fibroblast-injected mice, not from control mice. Spontaneous
thyroid inflammation even after conventional immunization with synthesis of TPO antibodies by splenocytes from TPO fibroblast-
purified porcine TPO and adjuvant [8]. injected mice but not from uninjected mice also supports a role for
Thyroid infiltration alone represents only one facet of humanTPO-specific B cells in antigen presentation to T cells. These data

© 2000 Blackwell Science LtdClinical and Experimental Immunolog$1938-46



Evidence for antigen presentation to T cells by TPO-specific B cells 45

are consistent with previous observations. First, the spleen is arB Wick G, Most J, Schauenstein kKt al. Spontaneous autoimmune
important site of Tg antibody synthesis in rats immunized with Tg  thyroiditis—a bird’s eye view. Immunol Today 1986:359-65.

and adjuvant or subjected to thymectomy and sublethal irradiation4 Rasooly L, Burek CL, Rose NR. lodine-induced autoimmune thyroidi-
[40]. Second, B cells from mice primed with Tg and adjuvant _ tiSin NOD-H2h4 mice. Clin Immunol Immunopathol 1998287 -92.
present low concentrations of Tg extremely efficiently to a Tg- 5 .KOtan' I Umek'.K’ Hirali K Ohtak!S. EXpe”memal murine thyr0|d|F|s
specific T cell hybridoma [41]. induced by porcine thyroid peroxidase and its transfer by the antigen-

. . . o specific T cell line. Clin Exp Immunol 199@0:11-8.
. It is not known which APC are |nvo_lved in initiating the 6 McLachlan SM, Atherton MC, Nakajima ¥t al. Thyroid peroxidase
immune response to TPOMHC class II" fibroblasts. In accor- and the induction of autoimmune thyroid disease. Clin Exp Immunol
dance with the Bottazzo—Feldman hypothesis of antigen presenta- 1990:79:182-8.
tion by thyroid cells induced to express ‘aberrant’ MHC class Il 7 Nye L, Pontes de Carvalho LC, Roitt IM. Restrictions in the response to
[42], the fibroblasts themselves may function as APC. On the other autologous thyroglobulin in the human. Clin Exp Immunol 1980;
hand, as discussed previously [11], we cannot exclude the possi- 41:252-63.
bility that other APC (macrophages or dendritic cells) process TPO8 Ruf J, Toubert M, Czarnocka B, Durand-Gorde J, Ferrand M,
from fibroblasts (alive but rendered incapable of dividing) for ~ Carayon P. Relationship between immunological structure and bio-
presentation to naive T cells. Our current observations suggesting a S"€Mica! properties of human thyroid peroxidase. Endocrinol 1989;

role for B cells in antigen presentation apply to sensitized T cells , 2> -218:
ole fo . ce S antige Pese .a 0 ?‘F’py 0 sensitize . CElIS 9 McLachlan SM, Rapoport B. Genetic and epitopic analysis of thyroid
from mice with an on-going, high-affinity 1gG-class antibody

peroxidase (TPO) autoantibodies: markers of the human thyroid auto-
response to TPO. immune response. Clin Exp Immunol 199%)1:200-6.

There is increasing evidence that B cells play a role in10 Heidenreich F, Vincent A, Roberts A, Newsom-Davis J. Epitopes on
presentation of protein antigens. Thus, insulin-dependent diabetes human acetylcholine receptor defined by monoclonal antibodies and
type |, the classic example of a T cell-mediated disease, does not myasthenia gravis sera. Autoimmunity 198885-97.
develop in non-obese diabetic (NOD) mice lacking B cells [43].11 Jaume JC, Guo J, Wang Y, Rapoport B, McLachlan SM. Cellular
The explanation for this phenomenon appears to be that B cells thyroid peroxidase (TPO), unlike purified TPO and adjuvant, induces
present islet cell autoantigens to T cells which ultimately damage antibodies in mice that resemble autoantibodies in human autoimmune

the islet cells [44]. However, the role of B cells is not limited to thyroid disease. J Clin Endocrinol Metab 198%1651-7.
. . . . . .12 Rapoport B, Chazenbalk GD, Jaume JC, McLachlan SM. The thyro-
their ability to capture minute amounts of antigen via their

. . . tropin receptor: interaction with thyrotropin and autoantibodies. Endocr
immunoglobulin receptors. Perhaps the most dramatic effect of g., 1998-19673—716.

antigen-specific B cells, at ledstvitro, is their ability to influence 13 shimojo N, Kohno Y, Yamaguchi K+t al. Induction of Graves-like

the peptides made available for presentation to T cells. For disease in mice by immunization with fibroblasts transfected with the

example, human B cell clones specific for different epitopes on thyrotropin receptor and a class Il molecule. Proc Natl Acad Sci USA

tetanus toxoid enhance or suppress presentation of different pep- 1996;93:11074-9.

tides to T cells [45]. Similar observations have recently been madé4 Kita M, Ahmad L, Marians RGet al. Regulation and transfer of a

for Tg in mice using a T cell hybridoma [46]. Moreover, it has been murine model (_)f thyrotropin receptor antibody mediated Graves’

suggested that processing of antibody—antigen complexes may disease. Endocrinol 1999401392-8. o

expose ‘cryptic’ T cell epitopes and lead to autoimmunity [47]. In > Jaume JC, Rapoport B, MCLaChIa.n .SM' Lack Of,fer.nale bias in amouse
. . . model of autoimmune hyperthyroidism (Graves’ disease). Autoimmu-

our view [9], the most important outcome of the influence of

. . . ... nity 1999;29:269-72.
antibodies on the peptides presented to T cells in Organ'SpEC'f'EG Weetman AP, McGregor AM. Autoimmune thyroid disease: further

autoimmunity may be the restricted epitopic recognition by auto-  gevelopments in our understanding. Endocr Rev 1364:88—830.
antibodies which is characteristic of human organ-specific auto17 Germain RN, Ashwell JD, Lechler Rit al ‘Exon-shuffling’ maps
immunity. control of antibody- and T-cell-recognition sites to the MNidrminal
In conclusion, using a mouse model for the induction of TPO  domain of the class Il major histocompatibility polypeptidg.Aroc
antibodies resembling those arising spontaneously in human thyroid Natl Acad Sci USA 198582:2940-4.
autoimmunity, we provide evidence for the role of TPO-specific 18 MagnussonRP, Chazenbalk GD, Gestaugal Molecular cloning of
B cells in antigen presentation to autologous T cells. Our findings ;he co'\Tplle:Emznta_ry ?ig’éqg%réucéel'c acid for human thyroid peroxi-
. o oy ase. Mol Endocrino :856—61.
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