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To confirm the expression of HLA-DR antigen on the thyrocytes of Graves’ disease patients
and study the relation between the degree of DR antigen expression and clinical or laboratory
indices, double immunofluorescence and immunoenzymatic staining were performed on frozen
thyroid sections. DR antigen was expressed on the thyrocytes of 8 of 11 patients with Graves'
disease (73%) but not found on the thyrocytes from 6 normal controls. The degree of DR an-
tigen expression had no apparent correlation with the age, duration of the disease, activity of
TBIl, titers of antimicrosomal and antithyroglobulin antibody. There was no apparent spatial or
quantitative relation between lymphoid follicle formation and the DR antigen expression on the
thyroid follicles. But DR antigen tended to be expressed on the thyroid tissue with interstitial
lymphocyte infiltration. In conclusion, DR antigen was expressed on the thyrocytes of Graves’
disease patients but the clinical and immunological significance remains to be clarified.
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INTRODUCTION

Graves' disease has been regarded as an organ-

Address reprint requests: Bo Youn Che, M.D., Department of In-
ternal Medicine, College of Medicine, Seoul National University #28,
Yun Kun Dong. Chongno Ku, Seoul, 110-744, Korea

specific autoimmune disease due to the autoan-
tibodies directed to the receptors of Thyroid
Stimulating Hormone (TSH) or their adjacent an-
tigenic domains.t"* However, the immunological
mechanisms leading to the development of these au-
toantibodies are still elusive, albeit many theories
presented so far.®'®

15



M.S. Lee, Y.K. Shong, B.Y. Cho, HK. Lee, C.S. Koh, HK. Min M.H. Lee, S.K. Oh, E.S. Whang, C.Y. Cha,
S.H. Park and C.K. Lee

Recently, it was reported that the HLA-DR antigen
was expressed on the thyrocytes of the patients with
Graves' disease and Hashimoto's disease.'*'®
Moreover, the DR antigen was reportedly able to be
induced on the normal thyrocytes by lectins.'®
These findings suggest that the thytrocytes might
become antigen-presenting cells in an appropriate
condition to induce or amplify the autoimmune pro-
cesses,'” considering that the DR antigen is
necessary for antigen presentation.'®-2) DR antigen
was also found to be expressed on the islet cells of
the patients with type | diabetes mellitues?" and the
bile duct cells of the patients with primary biliary cir-
rhosis,?® suggesting the possible role of the aber-
rant DR antigen expression in the broad gamut of
autoimmune diseases. However, the immunological
impact of these phenomena is not clarified and it is
still controversial whether lymphocyte infiltration in
the thyroid gland is related to the DR antigen expres-
sion on the thyrocytes or not.

We conducted this investigation to document the
HLA-DR antigen expression on the thyrocytes of
Graves’ disease patients and to study the relation-
ship between the degree of DR antigen expression,
& clinical or laboratory indices, and the degree of
lymphocyte infiltration in the thyroid gland.

MATERIALS AND METHODS

1. Materials

Specimens from the Graves’ disease patients
were obtained during thyroidectomy from 11 patients
who were in euthyroidism with the antithyroid drug
and those of normal controls, from the adjacent nor-
mal portion of 6 patients with nodular goiter. The
specimens were immediately frozen below —20°C
and thawed within 1 month of storage to be cut into
6 um sections for double indirect immuno-
fluorescence staining.

Monoclonal antibody to human HLA-DR antigen
was produced at the Department of Microbiology,
College of Medicine, Seoutl National University*®
(1BD9-2). Sera containing antimicrosomal antibody
were obtained from 2 patients with Graves' disease
whose titer of antimicrosomal antibody was over
1:1280% without detectable antithyroglobulin an-
tibody. FITC-labeled or unlabeled rabbit antimurine
IgG (heavy & light chain specific), and rhodamine-
labeled rabbit antihuman IgG (heavy & light chain
specific) were purchased from Cappel (Malvern, PA,
USA). Monoclonal anti-CD5, CD4, CD8 antibodies
(T1, T4, T8 antibody, respectively) and AP-AAP

16

complex were purchased from DAKO Corp. (Santa
Barbara, CA, USA). Bovine serum albumin, Fast Red
TR Salt (5-chloro-2-toluidinediazonium chloride
hemizine chloride), levamisole and Naphtho! AS-MX
sodium salt (3-hydroxy-2-Naphthoic acid
2,4-dimethylanilide) were purchased from Sigma (St.
Louise, MO, USA).

METHODS

1. Immunofluorescence Staining

The appropriate cut sections of frozen tissue were
incubated for 30 min in a humid chamber at 37°C
with the culture supernatant of the 1BD9-2 cell line
and a 1:100 dilution of the sera containing an-
timicrosomal antibody. Then the sections were
washed 3 times with phosphate buffered saline for
a total of 30 min, and were reincubated with a 1:20
dilution of FITC-labeled rabbit antimurine igG and
rhodamine-labelled rabbit antihuman IgG in a
phosphate buffered saline containing 0.1 % bovine
serum albumin for 30 min in a humid chamber at
37°C. The sections were washed 3 times with
phosphate buffered saline again for a total of 30 min,
and examined under a fluorescent microscope
(American Optical) after mounting with glycerol in
phosphate buffered saline . The negative control
slide was made by incubating the adjacent cut sec-
tions with the second antibodies only.
Autofluorescence was excluded by scrutinizing uns-
tained cut sections under the fluorescent
microscope, and the cross-immunoreactivities bet-
ween human IgG & antimurine IgG, or murine 1gG
& antihuman IgG were tested by cross-staining of
the cut sections to yield negative results. The number
of prominently bright-green follicles compared to the
negative control slide was counted in over 50 thyroid
follicles and thhe ratio was rounded to one decimal.

2. Alkaline Phosphatase-Antialkaline Phosphatase
Staining

The specimen of one patient which showed large
clusters of DR antigen positive cells in the vicinity
of the thyroid follicles with double immuno-
fluorescence staining was subjected to AP-AAP
(Alkaline Phosphatase-Antialkaline Phosphatase)
double bridge staining?**® using T1, T4 or T8
monocional antibody as the first antibody. The cut
frozen sections were incubated with a 1:40 dilution
of the first antibody in phosphate buffered saline for
30 min at room temperature and washed with
phosphate buffered saiine 3 times for a total of 6
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min subsequently. Then they were incubated with
a 1:50 dilution of antimurine 1gG for 30 min at room
temperature and washed again 3 times with
phosphate buffered saline for a total of 6 min follow-
ed by incubation with 1:50 dilution of AP-AAP com-
plex and rewashing. The incubation with the second
antibody and the AP-AAP complex were

recapitulated to make a "“double bridge" and the pro-
cessed sections were incubated with a color
substrate solution made by dissolving 10 mg of Fast
Red TR Salt, 2.4 mg of levamisole and-2 mg of
Naphthol AS-MX sodium salt in 0.1 M Tris buffer (pH
8.2), 10 ml. The final sections were counterstained
with hematoxylin.

Fig. 1. Closed arrow indicates positive rhodamine staining on the thyroid
follicles of Graves' disease patient. A large paich of cells adjacent
to the thyroid follicles shows negative rhodamine staining (long ar-
row), but the central area of the patch shows positive rhodamine

staining (open arrow).

Fig. 2. The thyroid follicles of the normal control were DR-antigen negative
(closed arrow). The yeliow line along the inner side of an arteriole
represents autofiuorescence (open arrow) (See text.)
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Inhibitory Immunoglobulin) was measured using the

3. Measurement of the Autoantibodies & TSH kits produced by R S.R. Limited (Cardiff, Wales, UK).

Receptor Antibody

4. Scruti Infiltrati
The titers of antimicrosomal antibody and an- Scrutiny of Lymphocyte Infiltration

tithyroglobulin antibody were measured with the Ten fields of hematoxylin-eosin stained sections
hemaggiutination method using the kits produced by were examined in low-power microscopy to grade
Fujirebio (Japan). The activity of TBIl (TSH Binding the degree of lymphoid follicle formation from — to

Fig. 3. The thyrocytes of Graves’ disease patients were DR antigen-positive
(short arrow), as is the large patch of cells adjacent to the thyroid
follicles (long arrow).

Table 1. HLA-DR Expression on the Thyroid Follicles of Graves' Disease Patients in Relation to the Laboratory In-
dices and Lymphocyte Infiltration

Sex/Age Duration of il MCHA TGHA Lymphocyte % Positivity
Disease (M) (%) Infiltration of DR Ag
M/20 36 82 320% 1602 + 4+ (-) 50
Fr26 4 58 NC NC - (+) 80
F/39 60 75 3207 0 - (=) 20
F/30 6 15 802 0 - (=) 10
F/19 42 56 10 o] NC 0
F/32 60 48 0 0 + (+) 70
F/40 3 18 1602 0 —(+) 50
F/1 3 11 72 202 202 + (+) 50
F/20 25 37 40? 0 NC 0
F/2a 15 NC 80?2 40?2 NC 0
F/30 11 71 102 102 - (=) 80

* MCHA: antimicrosomal hemagglutinin test
TGHA: antithyroglobulin hemagglutinin test
NC: not checked

* The degree of lymphocyte infiltration means that of lymphoid follicles formed. The symbols in the parentheses denote
the presence or absence of interstitial lymphocyte infiltration.
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++++. The presence of interstitial lymphocyte in-
filtration was searched apart from lymphoid follicle
formation.

5. Statistical Analysis

Kendall's W test of concordance was employed
to study the correlation between the degree of DR
antigen expression on the thyrocytes, and clinical
or laboratory indices, the degree of tymphocyte in-
filtration in the thyroid gland.

RESULTS

1. DR Antigen Expression on the Thyroid Tissue

All of the thyroid follicles of both the normal con-
trols and the pafients with Graves' disease were
stained with rhodamine suggesting the presence of
microsomal antigen on the thyrocytes (Fig. 1).

DR antigen was not found at all on the frozen sec-
tions of the normal thyroid tissues from 6 subjects.
Strong or weak autofluorescence that could be
discerned from true staining by the yellow color in-
stead of green, was observed occasionaily along the
inner side of large or small vasculatures (Fig. 2).

Of 11 patients with Graves' disease, 8 patients
(73%) showed DR antigen expression on their
thyroid follicles, and the ratio of DR antigen-positive
follicles varied between 10-80% (Fig. 3, Table 1).
The staining pattern was patch, i.e. DR-positive
thyrocytes were rather aggregated. There was no
apparent correlation between the degree of HLA-DR

antigen expression on the thyroid follicles and the
clinical or Jaboratory indices including age, duration
of the disease, the activity of TBII, and the titers of
antimicrosomal antibody & antithyroglobulin antibody
(p>0.1 in all tests).

2. Nature of Infiltrating Cells around Thyroid Follicles

'On the several frozen sections from the patients
with Graves' disease, large or small clusters of
microsomal antigen-negative, DR antigen-positive
cells were observed after double im-
munofluorescence staining (Fig. 1, 3). The cells in
those clusters were positively stained with the T1
antibody except in the central area (Fig. 4). The lym-
phocytes stained with T1 antibody also stained with
T4 antibody or T8 antibody in the staining of the ad-
jacent sections of the tissue (Fig. 5, 6). There was
no apparent discrepancy in the distribution patterns
of T4-positive helper/inducer T-lymphocytes and T8
positive suppressor/cytotoxic T-lymphocytes but the
quantitative ratio was about 3:1. The lymphocytes
of both subsets were also scattered in the thyroid
fotlictles (Fig. 7). Meanwhile, the cells in the central
area of those DR antigen-positive clusters showed
positive rhodamine staining not only in case of the
regular double immunofluorescence staining but also
in the control staining, i.e. in the absence of the an-
timicrosomal antibody, suggesting the presence of
a surface immunoglobulin on the cells in the central
area (Fig. 1, 3). So the cells in the central area of
those clusters were thought of as B lymphocytes
considering that they had a surface immunoglobulin

Fig. 4. The cells in the large patch were T1 antigen-positive except the cen-

tral area.
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Fig. 5. Majority of the T1-positive cells were T4 antigen-positive.

Fig. 6. Minority of the T1-positive celis were T8 antigen-positive.

in addition to the DR antigen and were not stained
with T1 antibody (Fig. 4). Germinal centers were also
observed occasionally in the central area of those
DR-positive clusters with light microscopy.

There was no apparent spatial or quantitative rela-
tion between the lymphoid follicle formed and the
DR antigen expression on the thyroid follicles
(p>0.1). But the degree of lymphoid follicle forma-
tion and the presence of interstitial lymphocyte in-
filtration did not coincide, and all 4 cases with
interstitial lymphocyte infiltration showed DR antigen
expression on 50% or above of their thyroid follicles
examined (Table 1).
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DISCUSSION

The negative DR antigen staining of the normal
thyroid follicle is consistent with the previous reports
of other investigators and the classical theory that
the class Hl antigens are localized on the surface of
immune cells including B lymphocytes, activated T-
lymphocytes and various bone marrow-derived an-
tigen presenting cells such as the macrophage or
dendritic cell].'®-1%-262" Meanwhile, there are occa-
sional reports that HLA-DR antigen was found on the
endothelial cells of normal kidney glomeruli,?® and
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Fig. 7. Lymphocytes were also scattered in the thyroid follicles.

Hanafusa et al. reported the presence of a few DR
antigen positive endothelial cells on the sections of
normal thyroid tissue. We observed linear or caret-
like fluorescence along the inner side of large or
small vessels, respectively, but the color was rather
yellow and fluorescence was also found on the uns-
tained frozen sections indicating that it was due to
autofluorescence. The autofluorescence along the
inner side of the vasculatures may be accounted for
by the presence of elastic fiber or type 1V collagen.?®

The observation that DR antigen was found on
the thyroid follicles of patients with Graves' disease
is compatible with the results of other in-
vestigators.'*'®) The presence of 3 patients whose
frozen sections gave negative results with DR stain-
ing and the variable degree of DR antigen expres-
sion in the positive cases suggest the possibility that
DR antigen expression may not be a crucial event
in the pathogenesis of Graves' disease or DR antigen
may be expressed on the thyrocytes only in a cer-
tain period of the disease. It is alsc probable that the
degree of DR antigen expression may be related to
the HLA type of patients considering the reports that
the incidence of Graves’ disease is related to the
HLA type.'*'3 But it must to borne in mind in the
interpretation of these results that the cut section
represents only a certain 2-dimensional space of the
whole thyroid gland.

The finding that the degree of DR antigen expres-
sion on the thyroid follicles has no relation with the
clinical and laboratory indices can also be explain-
ed in the same manner as the variabie degree of DR
antigen expression itself.

The immunological significance of aberrant DR
antigen -expression on the epithelial cells such as
thyrocytes is far from clear, although it was
elucidated that induction of DR antigen expression
on the cultured normal thyrocytes is, at least partly,
due to gamma-interferon secreted by T-lymp-
hocytes.*** The epithelial cells which have surface
DR antigen from any cause might present their other
normal or abnormal surface antigens to the helper/in-
ducer T-lymphocytes simulating antigen presenting
cells if other conditions for the antigen presentation
are permissive,'*'” considering that the DR antigen
on the antigen presenting cellls is co-presented to
the autologous helper/inducer T-lymphocytes with
foreign antigens.* But it may merely be an
epiphenomenon without specific consequence
reflecting a response to various nonspecific or
nonimmunological stimuli, or have a protective ef-
fect against those stimuli.3® Recently, it has been
reported that the thyrocytes and endothelial cells with
aberrant DR antigens on their surface could present
autologous or heterologous antigens to the helper
T-lymphocytes.®3% But there seems to be no direct
evidence that DR antigen expression on the epithelial
cells plays a role in the induction or amplification of
the autoimmune processes.

The clusters of DR antigen-positive, microsomal
antigen-negative cells seemed to be lymphocytes
judging from the light microscopic findings, which
was confirmed later in one case by immunoen-
zymatic staining. The positive rhodamine staining on
the cells in the central area of the large clusters was
an unexpected event, but the same posiitive stain-
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ing in the control slides gave an answer to this ques-
tion. The quantitative T4/T8 ratio in that case was
similar to the results of other studies concerning lym-
phocyte infiltration in Graves’ disease.'*’ DR antigen-
positivity of the infiltrating T-lymphocytes suggest
that they were “activated.” ?**® The infiltrating T-
lymphocytes might be a probable candidate for a
source of gamma-interferon which can induce the
thyrocytes to express DR antigen. The present fin-
ding that all 4 cases with diffuse interstitial lym-
phocyte infiltration expressed DR antigen on over
50%_of their thyroid follicles supports the sugges-
tion that infiltrating lymphocytes might be responsi-
ble for DR antigen expression on the thyroid follicles.
But in contrast to the interstitial lymphocyte, the lym-
phoid follicles formed in the thyroid tissue did not
seem to be directly related with the DR antigen ex-
pression on the thyrocytes.
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