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SUMMARY

To clarify immunological differences among patients with Graves’ disease (GD) and Hashimoto’s dis-
ease (HD) at various levels of severity, we examined the expression of the CD154 molecules on periph-
eral T cells, which regulate B cell activation, B cell differentiation, and T-cell survival. We found
decreases in the intensities of CD154 on peripheral CD4" cells from euthyroid patients with GD and
HD, but we did not find any differences between patients with different disease severities. CD8" cells did
not express CD154 molecules. Thus, CD154 expression on CD4" cells may be related to the pathogen-
esis of the autoimmune thyroid diseases, not to the disease severity.
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INTRODUCTION

Patients with Graves’ disease (GD) or Hashimoto’s disease (HD)
show immunological changes in both the thyroid and the periph-
ery [1-3]. Some patients with GD enter remission through med-
ical treatment; others do not. Some patients with HD develop
hypothyroidism; most do not [4]. It is thought that immune factors
determine the severity of both of these diseases. We have shown
previously that activated cytotoxic T cells, CD30 molecules on T
cells and autoantibodies are involved in the disease severity of
HD [5,6], and the IgG3-secreting cells are related to the intracta-
bility of GD to antithyroid drug therapy [7].

CD154 (CD40 ligand) is a 30-33-kD surface molecule of acti-
vation-induced CD4" T cells. CD154 molecules interact with
CD40 molecules expressed on B and T cells [8]. This CD40-
CD154 interaction is known to play a key role in B cell activation
and differentiation [8,9]. It also appears to be a potent inhibitor of
T cell apoptosis [8]. Autoimmune diseases such as thyroiditis,
arthritis, lupus nephritis and experimental allergic encephalomy-
elitis in mice are inhibited by anti-CD154 antibody [10-13].
CD154* T cells are also reported to play important roles in the
autoimmune response [8]. In this study therefore, we examined
expression of CD154 by flow cytometry on both peripheral CD4*
and CD8" T cells in patients with autoimmune thyroid disease
(AITD), and investigated the immunological differences among
patients with AITD with various levels of severities.
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MATERIALS AND METHODS

Subjects

Four groups of patients with GD, two groups with HD, and one
group of healthy volunteers (control subjects) recruited by advert
were included in the study. The first GD group comprised 4
untreated, thyrotoxic patients (thyrotoxic GD group; 3 Female, 1
Male). The second and third GD groups comprised euthyroid
patients who had been under treatment with antithyroid drugs for
more than 5 years. One of these two treated groups comprised
26 GD patients who were positive for anti-TSH receptor antibod-
ies (TRAD) (seriously intractable GD group; 24 F,2 M), and other
comprised 14 GD patients who were negative for TRAD (intrac-
table GD group; 13 F, 1 M). The fourth GD group comprised 25
patients in remission who had maintained a euthyroid state and
were negative for TRAb for more than 2 years without any treat-
ment (GD in remission group; 25 F). One of the two HD groups
comprised 16 untreated, euthyroid patients (mild HD group; 15 F,
1 M), and the other HD group comprised 32 euthyroid patients
undergoing thyroxine replacement therapy for hypothyroidism
(severe HD group; 25 F, 7 M). All patients in the GD and HD
groups were positive for antithyroid microsomal antibodies
(MCPA). All patients except those with thyrotoxic GD presented
with normal serum concentrations of free thyroxine (FT4), free
triiodothyronine (FT3), and thyroid-stimulating hormone (TSH)
(Table 1). All GD patients had comprised a clinical history of thy-
rotoxicosis and elevated levels of TRAb. The control group com-
prised 16 healthy women, mean age 44-4 + 82 years, who were
euthyroid and negative for thyroid-specific autoantibodies. Mean
age in the GD groups, the mild HD group (Table 1), and the con-
trol group did not differ significantly. Mean ages in the severe HD
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Table 1. Clinical characteristics of each AITD study group

Age Free T4 Free T3 TSH TRAD
n (years) (ng/dl) (pg/ml) (mU/ml) (%)
Normal range 0-97-1-79 2:47-4-34 0-34-3-5 <15
Graves’ disease groups
Thyrotoxic
Untreated 4 46:3+£82 2-87 £0-79%* 5-75 £3.72%* - 44-3 £27-4%
Euthyroid
Seriously intractable 26 44-1 +15-4 1-45+£0-68 3-51+1-53 1-54 £2:04 32:7+279%
Intractable 14 39-8+10-8 1-14£0-23 297 +£0-29 275+2:42 83+59
In remission 25 45-5+13-4 120+ 019 3:03+0-35 1-61£0:99 2:5+4-4
Hashimoto’s disease groups
Euthyroid
Severe 32 58:0 + 8-9* 1-50 £0-37 3-15+0-44 1-44 £2:74 ND
Mild 16 49-8 £13:1 1-00 £0-24 3-11+0-31 2-57+1-67 ND

AITD, Autoimmune thyroid disease; - Not detected; ND, Not done; *P < 0-05 vs. other groups; **P < 0-01 vs. other groups; 1P < 0-01 vs. intractable

GD, GD in remission, and HD groups

groups was significantly greater than that in the other groups
(Table 1). Venous blood was obtained from all subjects between
1000h and 1200h. Informed consent for the study was obtained
from all patients. Protocols were approved by our local Ethical
Committee.

Monoclonal antibodies

We used fluorescein-isothiocyanate (FITC)-conjugated anti-CD8
(Becton Dickinson, Mountain View, CA, USA), phycoerythrin
(PE)-conjugated anti-CD154 (Coulter Co., Marseille Cedex,
France), and Peridinin Chlorophyll Protein (PerCP)-conjugated
anti-CD4 monoclonal antibodies (Becton Dickinson).

Lymphocyte subsets

Samples EDTA-treated whole blood 100 ul were incubated for
30 min at 4 degree C with 20 ul of each antibody. The samples
were then haemolysed and fixed with lysing reagent (FACS Lys-
ing Solution; Becton Dickinson). They were then washed once
and subjected to three-colour flow cytometry in FACSCalibur
(Becton Dickinson) to determine the percentages of lymphocyte
subsets. The typical profile of flow cytometry in analysing
CD4*CD154" T cells is shown in Fig. 1. At first we gated lympho-
cyte population on forward- and side-scatter plot (Fig. 1a), then
we gated CD4" population on FITC-CD8 and PerCP-CD4 fluo-
rescence plot (Fig. 1b). Finally, we measured the proportion and
MEFTI of CD154" cells, using the isotype-control to determine cut-
off (Fig. 1c). Mean fluorescence intensities (MFIs) of PE-CD154
were standardized by the QuantiBRITE PE (Becton Dickinson)
and shown as the number of PE molecules per cell.

Thyroid function test and thyroid autoantibodies

Commercially available kits were used to measure serum concen-
trations of FT4 (Eiken Immunochemical Laboratory, Tokyo,
Japan), FT3 (Japan Kodak Diagnostic Co., Tokyo, Japan), and
TSH (Daiichi Radioisotope Laboratories, Tokyo, Japan). The
serum titres of antithyroglobulin antibodies (TGPA) and MCPA
were determined with commercially available passive agglutina-
tion kits (Fuji Rebio, Tokyo, Japan). Serum levels of TRAb were
determined by radioreceptor assay with a commercial kit (Cosmic
Co., Tokyo, Japan).
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Fig. 1. The typical profile of flow cytometry in analysing CD4'CD154" T
cells. (a) Forward- and side-scatter dot plot (b) FITC-CD8 and PerCP-
CD#4 fluorescence dot plot, and (c) PE-CD154 fluorescence histogram in
control sample are shown. Examined sample (——) and isotype-matched
IgG control (------- ) are plotted in (c). Fluorescence is shown as value
before standardization.
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CD154 and thyroid autoimmunity
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Fig. 2. The proportions of CD154* cells in the CD4" T cell subset from patients with autoimmune thyroid diseases of various levels of
severity and from normal subjects. Vertical bars indicate mean values.
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Fig. 3. The intensities of CD154 expression on the CD4"CD154" T cell subset from patients with autoimmune thyroid diseases of various
levels of severity and from normal subjects. Vertical bars indicate mean values. Probability values versus normal intensity are shown.

Statistical analysis

Data were analysed by Mann—Whitney U-test. Correlation
between the autoantibody titres and the expression of surface
antigens was established by Spearman’s correlation coefficient by
ranks test. Correlation between the serum concentration of FT4
or FT3 and the expression of surface antigens was also established
by Spearman’s correlation coefficient by ranks test. Probability
values less than 0-05 were considered significant.

RESULTS

In the control group, there was no correlation between CD154
expression and age. The proportions of CD154" cells in CD4" cells
did not differ significantly between the two HD groups or among
the four GD groups (Fig.2). Neither did the proportion of
CD154" cells in CD4" cells in the control group differ from that in
any of the other study groups. The MFIs of CD154 molecules on
CD4* cells, which reflects the density of the CD154 molecules on
the cells, was significantly decreased in CD4" cells in all euthyroid
GD groups and in all HD groups in comparison to that of the con-

trols group (Fig.3). CD154 molecules were not expressed on
CDS8" cells from AITD patients or control subjects.

The proportion of CD154* cells in CD4" cells and the MFI of
CD154 expression on CD4" cells did not correlate with the con-
centration of FT4 or FT3 in untreated patients with GD, including
thyrotoxic GD patients, euthyroid patients with GD in remission,
and euthyroid patients with mild HD. Neither was there any cor-
relation between these proportions or MFI and the dose of anti-
thyroid drug in GD patients under treatment. There was not also
any correlation between these proportions or MFI and the levels
of thyroid-specific autoantibodies in untreated patients with
AITD.

DISCUSSION

When T cells are activated, CD154 expression increases on the
cell surface [8]. Blockade of CD154 function suppresses experi-
mental autoimmune thyroiditis [10] and other autoimmune dis-
eases [11-13] in mice by inhibiting the priming of T cells. The
proportion of CD154" cells and CD154 mRNA expression are
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increased in patients with systemic autoimmune disease such as
systemic sclerosis [14] and systemic lupus erythematosus [15].
Thus we expected the proportion of CD154" cells to be increased
in AITD patients. Contrary to our expectation, the proportion of
CD154" cells in CD4" cells did not change in any group of patients
with AITD, and the MFIs of CD154 molecules on CD4" cells were
decreased. These MFIs did not relate to the concentration of thy-
roid hormone or the dose of antithyroid drug. Therefore, thyroid
hormone and antithyroid drug may have minor effect to CD154
expression in AITD. Moreover, we found no differences in
CD154 expression on T cells between patients with AITD at dif-
ferent levels of severity.

Certain cytokines are known to affect CD154 expression. IL-
12 and IL-18 up-regulate CD154 on peripheral T cells [16,17], and
IL-15 up-regulates CD154 on both peripheral and synovial T cells
from patients with rheumatoid arthritis [18]. Therefore, it is
expected that a decrease in the production of these cytokine
would cause a decrease in the CD154 intensity on T cells. How-
ever, the serum concentration of IL-12 is reported to increase in
GD patients [19,20], and both IL-12 and IL-15 are suggested to
play a role in triggering the onset of thyroiditis in animals [21,22]
Therefore, changes in these cytokines may have little effect on the
decreases in CD154 intensities in GD.

Another possibility for the decrease of CD154 intensity is that
a fundamental abnormality exists in the regulation of CD154
expression in AITD. In other words, CD154 expression on CD4*
cells may be primarily suppressed in AITD, and this decrease in
CD154 expression may permit autoreactive CD4* T cells to sur-
vive. Interestingly, it has been reported that the CD154-CD40
interaction activates CD40" antigen presenting cells (APCs) to
express FasL on their surface, and then CD40" FasL* APCs induce
apoptosis of activated Fas* T cells [23]. CD40" APCs are reported
to be colocalized with activated CD4* T cells in the thyroid gland
of GD patients [24]. Furthermore, it has been reported that
CD154-CD40 interaction has been shown to contribute to nega-
tive regulation of T cell autoreactivity, and a defect in this inter-
action can lead to autoimmunity [25]. We concluded therefore
that the decreased CD154 intensity on CD4* T cells observed in
AITD patients, despite the disease severity, may be related to the
pathogenesis, but not the severity of the disease. It would be
important to apply CD154 MFI test prospectively to a new pop-
ulation of patients/controls, and also to examined CD154 expres-
sion in patients with other autoimmune disorders, such as
rheumatoid arthritis, insulin-dependent diabetes mellitus, and
systemic lupus erythematosus to clarify the significance of
reduced CD154 expression in autoimmune disease.
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