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Abstract

HLA class II expressing thyroid follicular cells are found not
only in classical thyroid autoimmune diseases, such as Graves'
disease, but also in presumably nonautoimmune thyroid dis-
orders such as nontoxic goiter. In this study the immunostimu-
latory function of the HLA class II expressing thyroid follicu-
lar cells derived from patients with nontoxic goiter and with
Graves' disease was compared by assessing their capacity to
stimulate allogeneic and autologous peripheral blood mononu-
clear cells, as well as cultured intrathyroidal T lymphocytes.
Proliferation of allogeneic peripheral blood mononuclear cells
was stimulated by thyroid follicular cells from both nontoxic
goiter and Graves' disease thyroids, thus demonstrating that
thyroid follicular cells from both disorders are capable of
presenting alloantigens. In contrast the proliferation of autolo-
gous peripheral blood mononuclear cells was more efficiently
stimulated by thyroid follicular cells from Graves' disease than
from nontoxic goiter. Cultured intrathyroidal T lymphocytes
proliferated specifically in response to autologous HLA class
II' thyroid follicular cells in Graves' disease, but not in non-
toxic goiter. The responses were dose dependent and HLA
class II restricted. Thyroid autoantigen presentation by HLA
class II expressing thyroid follicular cells thus only occurs in
Graves' disease, suggesting that HLA class II expression on
thyroid follicular cells is an essential feature, but by itself not
sufficient for the induction of autoimmunity. Additional fac-
tors, the possible nature of which is discussed must also be
involved.

Introduction

HLA class II molecules are normally expressed on the surface
of antigen presenting cells, such as dendritic cells and macro-
phages, and play an essential role in the induction of immune
responses (1, 2). The detection of HLA class II expressing thy-
roid follicular cells (TFC)' in thyroid autoimmune diseases
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such as Graves' disease (GD) and Hashimoto's thyroiditis (3)
led to the suggestion that this "aberrant" class II expression
might result in the activation of thyroid autoreactive lympho-
cytes and thus be the initiating and/or perpetuating factor of
thyroid autoimmune disease (4). The findings that Graves'
disease TFC are capable of presenting antigen (5) and are rec-
ognized by autologous T lymphocytes, derived from the thy-
roid gland (6, 7) seemed to support this hypothesis.

However, subsequently it was found that HLA class II ex-
pressing TFCwere also present in thyroid diseases not consid-
ered as autoimmune, such as toxic and nontoxic nodular
goiter and thyroid carcinoma (8-1 1). The occurrence of focal
lymphocytic infiltrates and of low titer thyroid autoantibodies
are also common in these conditions (8, 9, 12, 13). Two alter-
native explanations of this finding are possible: (a) The above
mentioned disorders are autoimmune, which implies that the
spectrum of thyroid autoimmune diseases is much wider than
hitherto assumed; or (b) that HLA class II expression on TFC
may occur without progressing to the induction of autoim-
mune disease, for which additional factors must be involved.

The validity of these possibilities was checked by compar-
ing the immunostimulatory function of HLA class II express-
ing TFC in classical autoimmune disease such as GDand in
presumably nonautoimmune thyroid disease such as nontoxic
goiter (NTG).

Methods

Patients
Six patients with nontoxic goiter (five women, one man, aged 56±15,
range 29-80 yr) and six patients with Graves' disease (5 women, 1
man, aged 35±10, range 22-53 yr) were studied. Patients with NTG
had longstanding multinodular goiters of gradually increasing size.
Radionuclide thyroid scans with 9TC showed an irregular patchy up-
take. Serum total thyroxine and triiodothyronine concentrations were
within the normal range. Thyroid autoantibodies (against thyroglobu-
lin and thyroid microsomal antigen) were measured with the tanned
red cell hemagglutination techniques (Burroughs Wellcome, Becken-
ham, UK). Antibodies against microsomal antigen were present in two
patients (titer 1:400). One of these two had additional antibodies
against thyroglobulin (titer 1:320). None of the patients received any
thyroid hormone or antithyroid drug treatment. Patients underwent
thyroidectomy and were histologically classified as nodular goiter.
Lymphocytic infiltration of the thyroid was also assessed on the basis
of hematoxylin-eosin staining.

Patients with GDhad small diffuse goiters and two had mild endo-
crine ophthalmopathy. Thyroid scans showed a diffusely high uptake
of radionuclide characteristic of GD. All patients had clinical and
laboratory evidence of severe hyperthyroidism at the time of diagnosis.
Thyroid autoantibodies against thyroglobulin were present in two pa-
tients (titers 1:40 and 1:320) and against thyroid microsomal antigen in
five patients (titers range: 1:1,600-1:6,400). All patients underwent
thyroidectomy within 18 mo after diagnosis for recurrent hyperthy-
roidism in spite of continuous antithyroid drug treatment. At the time
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of surgery patients were euthyroid under low doses of either methima-
zole or prothiucil. In all cases the histological diagnosis was toxic
diffuse goiter.

Preparation of thyroid tissue
5 X 5 mmtissue blocks were snap frozen in liquid nitrogen and 5-gm
frozen cryostat sections were cut from each sample. Sections were fixed
in acetone for 5 min. The degree of in vivo HLAclass II expression on
TFC in the individual patients was then studied by immunofluores-
cence staining as described below using a monoclonal anti-HLA-DR
antibody (Becton Dickinson & Co., Oxnard, CA) directed against the
nonpolymorphic region of the DRmolecule.

The remaining thyroid tissue was dispersed with collagenase (type
IV; Cooper Biomedical, Malvern, PA, 5 mg/ml, in RPMI 1640 me-
dium containing 15% fetal calf serum; Gibco Laboratories, Paisley,
Scotland) for 3 h, and pipetted through a 200-gm mesh. The red blood
cells were lysed with an ammonium chloride buffer. The resulting cells
were either cryopreserved in liquid nitrogen or used directly. Further
separations were performed as follows.

TFC. Cells were incubated in RPMI (supplemented with 15%FCS,
100 U/ml penicillin, and 100 gg/ml streptomycin) in 25 cm2 flasks
(Becton Dickinson) at 370C in 95%air/5% CO2and 95%humidity for
24 h. Nonadherent cells were then removed and processed as described
below. Macrophages were mostly nonadherent after 24 h incubation
and the few adherent ones could be removed by vigorous pipetting.
The remaining adherent cells were removed from the plastic support
by a 10-min exposure to trypsin (Gibco trypsin solution, 0.25%) and
washed twice. The cell population thus obtained was identified as TFC
(purity > 95%) by staining with a serum of a patient with GDcontain-
ing a high titer of antimicrosomal antibodies as previously described
(6). Macrophage contamination was estimated as 1.2±1.74% by im-
munofluorescence staining as described below using the monoclonal
antibody anti-Leu M3(Becton Dickinson), which is specific for mature
macrophages and monocytes. In two of the patients of each group TFC
were additionally stained with anti HLA-DR monoclonal antibody
(Becton Dickinson). This was done before and after exposure to re-
combinant human interferon-y (IFN--y; Boehringer Ingelheim,
Vienna, Austria; 50 U/ml for 3 d in RPMI 1640 containing 2.5%
human serum).

Macrophage-enriched population. The nonadherent cells that had
been removed after 24 h incubation of dispersed thyroid tissue con-
sisted of infiltrating mononuclear cells and nonattached, mainly dead
TFC. They were in most cases contaminated with colloid droplets.
Dead cells were digested with trypsin and colloid removed by Percoll
gradient centrifugation (d 1.039; Pharmacia, Uppsala, Sweden). The
resulting cells were reincubated in RPMI containing 15% FCS and
antibiotics for another 3-12 h. Nonadherent cells were then removed
by gentle washing and processed as described below. The reattached
cells consisted of 64±21% Leu M3+cells. In order to be able to estimate
the effect of contaminating macrophages in TFC cultures this macro-
phage-enriched population, which will be referred to as "thyroid mac-
rophages," was used as an internal control in experiments evaluating
the antigen presentation capacity of TFC.

T lymphocytes and preparation of T cell lines. In two patients with
NTG(patients E and F had been selected on the basis of the presence of
thyroid autoantibodies) and two with GD(patients D and E), "ex-
panded" intrathyroidal T lymphocyte lines were studied: nonadherent
cells that had been separated from macrophages as described above
were reincubated in RPMI supplemented with 10%human serum and
antibiotics and purified recombinant IL-2 (0.02 gg/ml, Sandoz,
Vienna, Austria) for 1 wk to select for in vivo activated T cells. These
were nonspecifically expanded with anti CD3 antibody (OKT3, 0.03
gg/ml; American Type Culture Collection (ATCC), Rockville, MD),
which has been shown to stimulate T cell growth while retaining anti-
gen specificity (14). OKT3 was added to the cell lines together with
irradiated (3,000 rad) autologous peripheral blood mononuclear cells
as feeders every 7 d and IL-2 (0.02 gg/ml) was added every 3 d. This
procedure has been extensively used in our laboratories and permits

growth of CD4' and CD8' T cells, and antigen specificity has been
shown to be maintained for over 3 mo in the absence of antigenic
stimulation. After 4 wk of culture the cell lines thus obtained (lines N5,
N6, GD2, and GD4) were analyzed for IFN--y production, cell surface
markers, and antigen specificity.

Interferon-y assay
Supernatants were collected and assayed for IFN-y with an immunora-
diometric assay (Boots Celltech, Nottingham, UK; 'SUCROSEP'
IFN-y IRMA). IFN-'y was expressed as U/ml/106 cells by reference to a
standard curve performed in each assay.

Preparation of PBMC
Peripheral blood mononuclear cells were isolated from heparinized
blood by Ficoll-Hypaque density gradient centrifugation (Pharmacia)
and washed twice.

Immunofluorescence
Cells and sections were incubated for 30 min with the respective mono-
clonal antibodies. T cell lines were stained with OKT3 (pan T cells),
OKT4 (helper/inducer T cells), OKT8 (cytotoxic/suppressor T cells,
all obtained from the ATCC) and Leu 1 (to detect natural killer cells,
Becton Dickinson), washed three times and incubated for another 30
min with an FITC conjugated rabbit anti mouse IgG (Southern Bio-
technology, Birmingham, AL). After another three washes cell suspen-
sions were analyzed on a Becton-Dickinson fluorescence activated cell
sorter (FACStar). Controls were either unstained or treated with the
second layer. 5,000 scatter gated cells were analyzed in each sample.
The frequency and fluorescence profile of the cells was determined
with logarithmic signal amplifiers. When, as in the case of TFC and
thyroid macrophages, only low cell numbers were available, cells were
counted in a Westergen chamber under a Leitz fluorescence micro-
scope and the number of positive cells was expressed as a percentage of
the total cell number per 16 fields. Tissue sections were also studied
under a Leitz fluorescence microscope and the numbers of HLA-DR+
TFCwere evaluated semiquantitatively [(+) few cells, (++) numerous,
(+++) very numerous].

Proliferation assays on PBMC
TFC, thyroid macrophages and PBMCwere irradiated with 3,500 rad
using a cesium source ("'CS, Gammator B; Isomedix Inc., Parsippany,
NJ) and used as stimulator cells in proliferation assays. TFC and thy-
roid macrophages were used (a) without pretreatment and (b) in order
to guarantee maximal HLAclass II expression, after previous exposure
to recombinant human interferon-y as described above. Autologous as
well as allogeneic PBMCwere used as responder cells. In the allogeneic
system, PBMCof HLA-DR mismatched normal blood donors were
used. 104 presenter cells were co-cultured in triplicate with 10' re-
sponder cells in RPMI containing 10% human serum in 96 well flat
bottom plates. After 7 d of co-incubation, cultures were pulsed with 1
gCi [3H]thymidine (Amersham Corp., Amersham, UK) and prolifera-
tion was estimated after 12 h by scintillation counting. Counts per
minute were expressed as means of triplicate cultures. TFCor thyroid
macrophages without PBMCand PBMConly were incubated with
[3H]thymidine as controls. The sum of the control uptakes (TFC/thy-
roid macrophages control + PBMCcontrol) was considered as back-
ground. In view of the variations of background levels within the
various cell populations stimulation was additionally expressed as
stimulation indices = [stimulation (cpm) minus background (cpm)]/
background (cpm). Stimulated and background cpm were compared
by Student's t test.

Autoantigen recognition assays
T cell lines were screened for recognition of autoantigens on autolo-
gous TFC, or thyroid macrophages as autologous HLA class II ex-
pressing, thyroid associated, but non-TFC control cells. As for periph-
eral PBMCT cells were cultured in triplicate and used at a constant
number of 105/well. TFC (104 cells/well) were used with and without
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pretreatment with IFN-y (50 and 500 U/ml). Macrophages (104 cells/
well) were always prestimulated with IFN-y (50 U/ml). For TFC lim-
ited dose-response curves (3 X 104, 104, and 3 X 103 TFCper well) were
performed. Two cell lines (N5 and GD4) were screened for recognition
of allogeneic (DR mismatched) TFC and the two GDlines were as-
sayed for recognition of autologous TFCafter the addition of a cocktail
of antibodies against HLA class II [purified anti-DR L-243 (HB 55;
ATCC) -DP (B7/2 1; I. Trowbridge, La Jolla, CA) and -DQ (TU22; A.
Ziegler, Immunology Department, Medinsky Klinik, Tubingen, West
Germany) antibodies, 1 psg/ml each]. Antigen presenting cells were
always irradiated with 3,500 rad before use. After 4 d of co-culture of
presenter and responder cells, proliferation assays were performed as
described for PBMC.

Statistics
Proliferation in the different patient groups was expressed as medians
and range. Groups were compared by Wilcoxon's rank sum tests on
unpaired data. Comparison within the groups (stimulation induced by
untreated vs. interferon -y pretreated presenting cells) was done by
Wilcoxon's rank sum tests on paired data.

Results

In vivo expression of HLA-class II antigens on TFC. Studies of
tissue sections showed that HLA class II expressing TFC were
present in all patients of the two groups, although the numbers
of positive cells tended to be higher in GDthan in NTG(Table
I). GDpatient B had fewer HLA class II expressing TFC than
the other GDpatients. HLA class II expression on TFC was
always associated with a lymphocytic infiltration of the thyroid
gland, although the number of infiltrating lymphocytes was
low in two of the patients with NTG(patients A and D) and in
one patient with GD(patient B). This GDpatient also did not
have thyroid autoantibodies. All other GDpatients had high
titer antibodies against thyroid microsomal antigen and two
also had low titer antithyroglobulin antibodies. Thyroid auto-
antibodies could not be detected in 4/6 NTGpatients, but low
titer anti-microsomal antibodies were present in two patients,
one of whom(NTG patient F) had additionally low titer anti-
thyroglobulin antibodies. This patient had the most marked
lymphocytic infiltration of the thyroid gland within the NTG
group.

In vitro induction of HLA-class II antigens on TFC with
IFN-y. Exposure of TFC suspensions to IFN-'y (50 U/ml for 3

d) resulted in HLA class II expression in over 80% of the cells
in all four patients studied (Table II). HLA class II induction
did not differ between patients with NTGand with GDand
did not depend on the degree of basal HLAclass II expression.

Stimulation of allogeneic PBMC. Proliferation of alloge-
neic PBMCin response to stimulation with untreated TFCdid
not differ significantly between NTGand GD(Table III).
Counts per minute ranged from 831 to 7,837 (median 1,794)
in NTGand from 334 to 11.803 (median 6,832) in GD. Signif-
icant stimulation (stimulation versus background: P < 0.05)
occurred in four patients of each group. After pretreatment of
TFC with IFN'y, counts per minute ranged from 1,425 to
10,764 (median 2,345) in NTGand from 472-12,372 (median
6,351) in GD. IFN-y thus induced an enhancement of the
response in NTG (P < 0.01), but not in GD. The macro-
phage-enriched control population induced proliferation of al-
logeneic PBMCin all patients with GD, but only in two of the
six with NTG(difference between disease groups: P < 0.05).
Counts per minute ranged from 449 to 4,277 (median 1,316)
in NTGand from 1,116-5,370 (median 3,104) in GD. In
NTGstimulation could be increased (P < 0.01) by pretreat-
ment of macrophages with IFN-"y, leading to significant re-
sponses in 4/6 patients (544-9,294, median 2,642 cpm). No
such effect of exogenous IFN-"y could be observed in GD.
Stimulation with patients PBMCinduced a stronger response
than stimulation with TFC or thyroid macrophages in both
groups. Counts per minute ranged from 4,602-28,427 (me-
dian 15,392) in NTGand from 13.145 to 56.282 (median
22.648) in GD. Although counts per minute did not differ
between disease groups, the respective stimulation indices
were significantly higher in NTGthan in GD(P < 0.01).

Stimulation of autologous PBMC. Graves' disease TFC
stimulated autologous PBMCmore efficiently than nontoxic
goiter TFC (comparison of stimulation indices: P < 0.05;
Table IV). Counts per minute ranged from 307 to 3,049 (me-
dian 1,323) in NTGand from 1,124 to 11.748 (median 4,647)
in GD. Significant responses were observed in all but one pa-
tient with GD(patient B). This patient had no thyroid autoan-
tibodies, a very moderate lymphocytic infiltration of the thy-
roid gland and only few HLA class II' TFC at the time of
surgery and may have been in remission. Special attention was
thus paid to the question, whether in NTGTFC from patients
in whomthe presence of thyroid autoantibodies might suggest

Table L HLA Class II Expression on Thyroid Follicular Cells, Thyroid Lymphocytic Infiltration, and Thyroid Autoantibodies
in Patients with Nontoxic Goiter and Graves' Disease

Nontoxic goiter patients Graves' disease patients

A B C D E F A B C D E F

HLA class II expression on thyroid
follicular cells + ++ ++ + ++ + ++ + ++ ++ +++ ++

Lymphocytic infiltration of the thyroid
gland

Autoantibodies against thyroglobulin

+ ++ ++ + ++ +++ ++++ + +++ +++ ++++ +++

Neg Neg Neg Neg Neg 1:320 1:40 Neg Neg 1:320 Neg Neg

Autoantibodies against microsomal antigen Neg Neg Neg Neg 1:400 1:400 1:1600 Neg 1:6400 1:6400 1:3200 1:1600
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Table I. Percentage of HLA-DR Positive Thyroid
Follicular Cells in Cell Suspensions before and after Culture
with Interferon-y*

Nontoxic goiter Graves' disease

Patient no. B C B D

Basal 10% 25% 8% 38%
IFN-y 50 U/ml for 3 d 89% 95% 82% 90%

* The number of fluorescent cells in a total of 100-200 TFCwas
counted and expressed as percentage.

the loss of self-tolerance to thyroid antigens (patients E and F)
were more efficient stimulators of autologous PBMCthan
TFC from autoantibody negative patients (patients A-D).
However, PBMCproliferation in response to autologous TFC
did not differ between NTGpatients with and without thyroid
autoantibodies and no antibodies against thyroglobulin or mi-
crosomal antigen were found in the two NTGpatients in
whom significant proliferative responses to autologous TFC
were observed (patients A and D). As in the allogeneic system,
pretreatment of TFCwith IFN-'y did not induce further stimu-
lation in GD, but enhanced the responses in NTG(P < 0.01;
310-4880, median 2745 cpm), inducing significant stimula-
tion of autologous PBMCin 3 of the patients. Although this
might suggest that in some of the NTGpatients thyroid au-
toantigen recognition could be induced by stimulation of
HLA-class II expression, it seems more likely that interferon y
treatment of the presenting cells resulted in the activation of
HLA class II reactive autologous MLRclones. Stimulation of
autologous PBMCby thyroid macrophages gave varied results
in both groups. Stimulation was observed in 2/5 patients with
GDand in 1/6 with NTG. Counts per minute ranged from 734
to 1298 (median 1096) in NTGand from 775 to 1,531 (me-
dian 873) in GD. IFN-y-treated macrophages induced re-
sponses in 3/5 cases in GDand in 2/5 in NTG.

Phenotyping and IFN-7y production of expanded intrathy-
roidal lymphocytes. Intrathyroidal lymphocytes from GDand
NTGpatients responded and increased in number equally well
upon culture with IL-2 and anti-CD3, although the initial
numbers of infiltrating lymphocytes tended to be lower in
NTG(NS). After 4 wk of culture sufficient cells were available
for analysis. All four lines consisted predominantly of T cells
of the helper/inducer phenotype (OKT4+; Table V). The per-
centage of OKT8+ suppressor/cytotoxic T cells ranged be-
tween 6 and 30%. It varied among the patients, but not be-
tween the diseases. In both disorders low percentages of
Leu 11 + cells were found. IFN-y was detected in the superna-
tants of all four lines. The concentrations observed were not
significantly different in NTGand GD(Table V).

Autoantigen recognition by expanded intrathyroidal T
lymphocytes. When screened for their capacity to recognize
autologous TFC, T cell lines from patients with GDgave a
marked proliferative response [Fig. 1; lines GD4 and GD2
(derived from GDpatients Dand E); background stimulation
560 and 543 cpm, respectively]. No such response was ob-
served with the lines from NTG[lines N5 and N6; background
stimulation: 1,855 and 518 cpm, respectively], although the
two patients from whom the lines derived (NTG patients E
and F) had both thyroid autoantibodies as well as a lympho-
cytic infiltration of the thyroid gland. No increase in stimula-
tion could be detected by pretreatment of TFC of either NTG
or GDwith two different doses of IFN-'y (Fig. 1). The re-
sponses observed in GDwere HLA class II restricted, as they
could be blocked by addition of a mixture of anti-HLA class II
antibodies recognizing DR, DP, and DQ. None of the four T
cell lines proliferated in response to IFN-'y treated autologous
thyroid macrophages (background stimulation: 105-520 cpm,
median 291) and there was no response to allogeneic (DR
mismatched) TFC (background stimulation: 1,013 and 1,057
cpm, respectively). When stimulation of the lines was tested
using varied numbers of TFC it could be shown that the re-
sponses observed in GDlines were dependent on the respec-
tive numbers of TFC used (Fig. 2; background stimulation: 3

Table III. Proliferation ofAllogeneic PBMCafter Stimulation with Thyroid Follicular Cells, Thyroid Macrophages or PBMC:
I3H]Thymidine Uptake (cpm) after 7 d of Coculture (Stimulation Indices Are Given in Parentheses)

Nontoxic goiter patients Graves' disease patients

Stimulator A B C D E F Median A B C D E F Median

Background 1* 378 415 1034 402 642 1073 529 237 2023 1082 1406 1398 1390 1402
TFCNs 831 1469 7837 888 2118 4013 1794 334 3783 11803 9195 7909 5755 6832

(1.20) (2.54l) (6.581) (1.21) (2.31) (2.74f) (2.42) (0.41) (0.87) (5.55#) (5.541) (5.28f) (3.14f) (4.21)
TFC±+yIFNNs 1425 2287 10764 2407 2324 5150 2345 472 5118 11803 12372 6850 5852 6351

(2.771) (4.511) (9.411) (4.99f) (2.62f) (3.81) (4.16) (0.99) (1.53) (5.55f) (7.8f) (3.9f) (3.211) (3.55)

Background 2** 394 462 981 763 259 873 612 988 731 1395 465 183 512 621
Thyroid macrophages 449 845 4277 1786 458 3841 1316 3092 3187 5370 3115 1116 2662 3104

(0.14) (0.83) (3.361) (1.39) (0.77) (3.4) (1.08) (2.131) (3.361) (2.851) (5.07f) (5.191) (4.2w) (3.78)
Thyroid macrophages 957 2721 9254 2563 544 4714 2642 3141 4021 5399 3581 842 2355 3361

+ YIFNNS (1.43) (4.89f) (8.041) (2.36f) (1.10) (4.4) (3.38) (2.18') (4.51) (2.87') (6.7f) (3.61) (3.6f) (3.6)

Background 3t 188 193 1145 ND ND 1134 664 ND 1441 ND 4004 1420 1220 1431
PBMC 6046 4602 24738 ND ND 28427 15392 ND 13145 ND 56282 25079 20216 22648

(31.151) (22.8w) (20.53*) (24.071) (21.67) (8.11) (13.06f) (16.6f) (15.85w) (14.32)

*Background 1, cpm of TFC and of PBMCcultured separately. ** Background 2, cpm of thyroid macrophages and of PBMCcultured separately. t Background
3, cpm of autologous and allogeneic PBMCcultured separately. e Level of significance between disease groups P < 0.05 (comparison of stimulation indices).
f Significant difference between stimulation and background P < 0.05.
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Table IV. Proliferation of Autologous PBMCafter Stimulation with Thyroid Follicular Cells or Thyroid Macrophages: [3H1Thymidine
Uptake (cpm) after 7 d of Culture (Stimulation Indices Are Given in Parentheses)

Nontoxic goiter patients Graves' disease patients

Stimulator A B C D E F Median A B C D E F Median

Background I* 484 279 1326 728 428 1836 606 267 1000 1068 1673 2244 1001 1035
TFC 1800 307 3049 2557 569 845 1323 1124 1570 11748 5539 8527 3754 4647

(2.721) (0.10) (1.30) (2.101) (0.33) (-0.54) (0.81) (3.211) (0.57) (10.0) (2.491) (2.806) (2.751) (2.78)
TFC + yIFNNS 3552 310 4880 3508 608 1982 2745 1086 1590 12496 6859 8303 3261 5060

(6.341) (0.1 1) (2.68*) (3.821) (0.42) (0.08) (1.55) (3.07w) (0.59) (10.70l) (3.101) (2.701) (2.261) (2.89)

Background 2** 176 775 1031 280 1165 1453 903 ND 301 2156 257 105 250 257
Thyroid macrophagesm 1298 1100 1289 770 734 1091 1096 ND 842 1531 873 128 775 873

(6.381) (0.42) (0.25) (1.75) (-0.37) (-0.24) (0.33) ND (1.80) (-0.29) (2.401) (0.22)
Thyroid macrophages 1163 2209 1309 1162 816 1566 1365 ND 1415 2587 1058 130 787 1058

+ yIFNNS (5.61 ) (1.85) (0.27) (3.151) (-0.30) (0.09) (1.06) ND (3.701) (0.20) (3.101) (0.24) (2.51) (2.15)

* Background 1, cpm of TFC and of PBMCcultured separately. ** Background 2, cpm of thyroid macrophages and of PBMCcultured separately. " Level of sig-
nificance between disease groups P < 0.05 (comparison of stimulation indices). I Significant difference between stimulation and background P < 0.05.

X 104 TFC/culture: 518-1855 cpm, median 1051, 104 TFC/
culture: 207-1,214 cpm, median 552, 3 X 103 TFC/culture:
165-978, median: 2,41 1).

Discussion

Previous work on Graves' disease has emphasized the capacity
of HLA class II expressing TFC to present antigen to autore-
active T cells, which infiltrate the affected tissue (6, 7). How-
ever HLA class II expression on TFC has subsequently been
found in diseases presumed to be nonautoimmune, such as
nodular goiter (8-10). It was thus of interest to compare the
immunostimulatory function of HLA class II' TFC in non-
toxic nodular goiter and Graves' disease.

In accordance with earlier studies (8) HLA class II express-
ing TFC were present in patients with GDas well as with
NTG, although the number of positive cells tended to be
higher in GDthan in NTG(Table I). HLA class II expression
was always associated with lymphocytic infiltration, although
in some of the samples very few lymphocytes were detectable.
This may however be due to the fact that no serial sections

Table V. Phenotyping and Interferon-gamma Production
by Intrathyroidal Lymphocytes after 4 wk Expansion
with Interleukin 2 and Anti CD3Antibody

%Positive cells in T cell lines from

Nontoxic goiter Graves' disease

Antibody and specificity N5 N6 GD2 GD4

OKT3 (Anti-CD3, pan T cell) 84.5 92.8 97.3 96.4
OKT4 (Anti-CD4, helper/

inducer) 85.2 77.3 87.2 61.6
OKT8 (Anti-CD8,

suppressor/cytotoxic) 6.2 21.3 8.6 29.5
LEU 11 (Anti-CD16, natural

killer cell) 2.5 7.4 7.9 2.0

Interferon gamma(U/ml
supernatant/106 cells) 25 35 33 101

were investigated in this study and larger lymphocytic aggre-
gates might thus have been missed. The different degree of
class II expression did not affect the in vitro induction of HLA
class II antigens by IFN--y. This confirms data by Weetman et
al., who showed that IFN-y-induced class II expression
equally well on TFC from patients with GDand Hashimoto's
thyroiditis as from normal controls (15).

TFC of nontoxic goiter as well as Graves' disease induced
allogeneic PBMCcells to proliferate, indicating that TFC of
both disorders can present alloantigens. Responses induced by

a AUTOL TFC

z AUTOL TFC + 50 U y IFN/ML

z AUTOL TFC + 500 U -y IFN/ML

g AUTOL TFC + 50 U y IFN/ML + a CLASS II

S AUTOL THYROID MO + 50 U y IFN/ML

X
w

z

z
0
I-
-J

F-
cn

O ALLO TFC + 50 U Y IFN/ML

N5 N6 GD4 GD2

CELL LINE

Figure 1. Specificity of intrathyroidal T lymphocytes after four weeks
expansion with OKT3and IL-2, from nontoxic goiter (T cell lines
N5 and N6, derived from NTGpatients E and F) and from Graves'
disease (T cell lines GD4and GD2, derived from GDpatients Dand
E). Proliferative responses after a 4-d co-culture of presenter and re-
sponder cells.
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Figure 2. Responses of T cell lines after 4 wk expansion with OKT3
and IL-2 in nontoxic goiter (T cell lines N5, ., and N6, *; derived
from NTGpatients E and F) and in Graves' disease (T cell lines
GD4, +, and GD2, *; derived from GDpatients Dand E): effect of
varied numbers of autologous TFC on the proliferative response of T
lymphocytes after a 4-d co-culture.

TFC were similar to those induced by thyroid macrophages,
but weaker than the ones initiated by PBMC. This would be
expected as PBMCcontain very efficient antigen presenting
cells, such as dendritic cells, monocytes, and B cells. In view of
the relatively low basal TFC HLA class II expression in some
of the NTGpatients it seems surprising that significant stimu-
lation of allogeneic PBMCwas found in four of the patients.
This may, however, be due to an increase in HLA class II
expression induced by IFN-'y production by the allogeneic T
cells during the 7 d of co-culture, as suggested by the work of
Iwatani et al. (16). Autologous PBMCwere stimulated more
efficiently by GDthan by NTGthyroid follicular cells. This
finding is in accordance with results reported by others, who
demonstrated an increase in TFC HLA class II expression
during 1 wk co-culture of TFC and autologous PBMCin GD
but not in NTG(16). It may indicate an abnormal sensitiza-
tion of GDPBMCto autologous thyrocytes. However, IFNy
pretreated TFC-induced proliferation of autologous PBMCin
three (50%) of the NTGpatients, suggesting either, the induc-
tion of autoimmune responses against thyroid autoantigens or,
more likely, the involvement of an "autologous MLRtype"
response against HLA class II antigens. Similar results have
been reported by Davies et al. who observed that TFC from
GDpatients as well as lectin treated (class II expressing) nor-
mal TFC stimulated autologous peripheral T cells (17, 18).

Thyroid infiltrating T cells were screened for their capacity
to respond to autologous TFC. Due to the limited number of
cells available these cannot be tested directly, and so were
cultured with OKT3 and IL-2 to initiate growth nonspecifi-
cally, by using a variation of a published method (14). It is
noteworthy that only the T cells from GDresponded to autol-
ogous TFC (Figs. 1 and 2). As for GDPBMC, stimulation
could not be further increased by preincubation of TFC with
IFN-,y. This may be due to the fact that in GDHLA class II
antigens were already expressed at a high level in vivo and
might still have been further induced by IFN-y secreted during
co-culture with lymphocytes (16). The lack of reactivity of

cultured intrathyroidal T lymphocytes to autologous IFN-,y-
treated thyroid macrophages excludes the possibility that HLA
class II-specific T cells of the autologous MLRtype are re-
sponsible for the effect observed in GD. However, responses
could be blocked with anti-HLA class II antibodies, which
demonstrates that HLA class II expression on TFC is a neces-
sary requirement for the presentation of thyroid autoantigens
in GD.

The lack of autoantigen recognition by the T cell lines
derived from NTGthyroid glands suggests strongly that NTG
is not an autoimmune disease and indicates that HLA class II
expression on TFC is by itself not sufficient for the induction
of autoimmune responses. Thyroid lymphocytic infiltration
seems to be nonspecific in NTGand may be regarded as a
correlate of nonspecific local inflammatory reactions, which
have been demonstrated to take place in NTGas a conse-
quence of growth induced tissue damage (19). As T cell lines
expanded from NTG thyroids secrete similar amounts of
IFN-y in vitro as lines derived from GDthyroids, it seems
likely that, in vivo, T lymphocytes infiltrating NTGmay pro-
duce IFN-'y locally, and thus induce expression of HLAclass II
antigens in NTGTFC (20). It can thus be assumed that the
class II expression on TFC noted in autoimmune thyroid dis-
ease and subacute thyroiditis (21) is due to IFNy released
locally by infiltrating lymphocytes (16).

It is interesting that two NTGpatients had low titer thyroid
autoantibodies in spite of a total lack of T lymphocytic au-
toantigen recognition. This may indicate that local inflamma-
tory reactions in the thyroid gland, although nonspecific per se
may, via a leakage of thyroid antigens, still result in B cell
activation and subsequent autoantibody production.

The validity of our assumptions is obviously dependent on
the fact that the stimulatory effects observed are induced by
the TFC themselves and not by contaminating cells such as
dendritic cells and macrophages. However dendritic cells,
which have been considered to be of importance as intrathy-
roidal antigen presenters in thyroid disease (22), are not ad-
herent after 24 h incubation (23, 24) and thus of no influence
in our system. Macrophage contamination was estimated by
immunostaining with aLeuM3 and by microscopic examina-
tion and was < 2%. As TFC expressing class II induce similar
proliferation of allogeneic PBMCas HLA class II+ thyroid
macrophages (64% LeuM3+) it seems evident that the stimula-
tory effect of the TFC population is induced by the TFC
themselves.

Our results thus demonstrate that in spite of the similar
alloantigen presenting capacity of NTGand GDTFC, thyroid
autoantigen presentation by HLA class II+ TFC occurs only in
GD, but not in NTG. The two diseases thus do not share a
common autoimmune background. HLA class II expression
on TFC is a necessary requirement, but by itself not sufficient
for the induction of autoimmune disease.

What are the other necessary components to the develop-
ment of thyroid autoimmunity? Currently this is not under-
stood in detail. Evidence suggesting that autoimmune thyroid
disease is due to a genetically determined organ specific defect
in suppressor T lymphocytes has recently been reviewed by
Volpe (25). The fact that thyroid autoimmune disease is
HLA-DR associated (26) further suggests that the polymorphic
part of HLA class II contributes toward susceptibility to au-
toimmunity. Since the function of the polymorphic compo-
nents of HLA class II is the presentation of antigen to T cell
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receptors, and since autoimmune diseases have a multigenic
predisposition extending beyond HLA class II (27) it is tempt-
ing to speculate that the presence of the appropriate T cell
receptors is also necessary for the development of autoimmune
disease such as Graves' disease. This is currently under inves-
tigation.
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