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Abstract. – In the present study we analyzed
some circulating lymphocyte subsets in eleven pa-
tients affected by Graves’ disease before and after
three and six months of methimazole treatment.
Peripheral blood mononuclear cells were studied
by a panel of monoclonal antibodies with single
and double fluorescence cytometric analysis.

Our results demonstrated an increased per-
centage of CD5+B cells and HLADR+T lympho-
cytes at the beginning of the disease in compari-
son to the normal controls (p< 0.001), and a sig-
nificant decrease after six months of treatment
(p< 0.01 and p< 0.05, respectively). The CD4+
CD45RA+subset was significantly reduced in
untreated Graves’ patients in comparison to the
normal group (p< 0.01), and increased towards
normalization after six months of treatment. The
significant modifications of lymphocyte subsets,
as well as the reduction of thyroid autoantibod-
ies, support a direct or mediated effect of methi-
mazole on the immune system.
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Introduction

Autoimmune thyroid diseases (ATD) are
generally considered to be caused by an im-
mune imbalance. Many studies have been
performed in order to specify the role of T
and B cells, lymphokines and autoreactive
clones in ATD. Modifications of thyroid infil-
trating lymphocytes have been reported as
the disease evolves and also with thyroid
drug treatment1. Thyrostatic drugs (TDs) of
the thioureylene type, such as propylth-
iouracil (PTU), methimazole (MM) and car-

bimazole (CM), are effective in humans.
They inhibit the synthesis of thyroid hor-
mones by blocking the incorporation of io-
dine into tyrosyl residues of thyroglobulin
(TG) and the coupling of these iodotyrosyl
residues to form iodothyronine, interfering
with the oxidation of iodide ion and iodotyro-
syl. PTU also inhibits the peripheral deiodi-
nation of thyroxine to triiodothyronine2.

TDs inhibit the thyroid peroxidase (TPO)
enzyme, influencing the TPO catalyzed iodi-
nation of thyroglobulin in vitro and in vivo3. 

In ATD (Graves’ disease and thyroiditis)
TDs induce remission of symptoms, decrease
of T4, antithyroglobulin (aTG), and antithy-
roid microsomal fractions (aFM) antibody lev-
els4-6. In addition the antithyroid treatment re-
duces the incidence of TSH binding inhibiting
antibodies (TBIAb), present in about 90% of
the untreated patients with Graves’ disease7.

These data supported both a direct and a
mediated effect of TDs on the immune sys-
tem: in fact, TDs could either interfere with
the oxidative reactions of the antigen-pre-
senting cell or modulate the thyrocyte activity
by reducing the thyroid antigen expression in
Graves’ disease (GD)8.

The inhibitory effect of MM on the occur-
rence of iodine-induced lymphocytic thyroidi-
tis in the BB/Wor rat may be due to the lower
antigenicity of the poorly iodinated TG fol-
lowing MM therapy9. The administration of
thionamide to patients with GD may be asso-
ciated with an increase in T suppressor cells
and a decrease in activated T helper cells in
the peripheral blood10-11.

Similar modifications have been observed
after addition of MM to lymphocyte cultures
from untreated patients with GD12.
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Nevertheless, the view that TDs are im-
munosuppressive is controversial and the evi-
dence deserves careful analysis. 

In a previous study we analyzed CD5+B
lymphocytes and regulatory T cells subsets in
a group of patients affected by new-onset
GD: we observed an important increase of
CD5+B cells and a defect of the CD4+
CD45RA+ T lymphocytes13. In a further in-
vestigation we analyzed CD5+B cells in dif-
ferent forms of autoimmune thyroid diseases
and we demonstrated a marked increase in
both percentage and absolute number of
CD5+B cells only in active GD14.

Therefore, it was the purpose of the present
study to analyze some circulating lymphocyte
subsets, such as CD5+B cells, CD4+CD45RA+
T lymphocytes and activated T cells, as well as
some biohumoral parameters, in a selected
group of patients affected by GD before and
during MM administration.

Materials and Methods

Patients and protocol
Eleven patients (7 females, 4 males), mean

age 50 ± 8.1 years, affected by new-onset GD
with ophthalmopathy were studied. The pa-
tients had typical signs and symptoms of hy-
perthyroidism: ophtalmopathy, palpable, soft
and diffuse goitre, elevated serum T3 and T4
and very low or undetectable TSH levels, ele-
vated incidence of anti-thyrotropin-receptor
antibodies measured by a radio receptor as-
say (rTSH Ab RIA – Ares-Serono Diagno-
stici, Italy), and increased thyroid radioactive
iodine uptake. No patient presented clinical
evidence of infectious or other autoimmune
diseases, nor was receiving any drug affecting
immune function. After a baseline evaluation
(T0), all patients were treated with methima-
zole (30 mg/day). After 30 days, the dose has
been reduced to 20 mg/daily for three months
and to 15 mg/daily until the sixth month.
During this period we did not associate other
drugs (i.e. T3 or levothyroxin, or steroids) to
avoid any interference of these drugs on lym-
phocyte function. However, we did not reveal
any worsening of ophthalmopathy or hy-
pothyroidism. The same parameters studied
before treatment were monitored after three
(T1) and six months (T2) of therapy.

Twenty healthy subjects matched for age
and sex were evaluated as controls.

Hormonal and autoimmune parameters
Serum total T3, total T4 and TSH were

measured by radioimmune assay (RIA), us-
ing commercially available kits (Baxter
Immunoassay System). The normal range
was: T3 = 1.32-2.9 nmol/l; T4 = 58-154 nmol/l;
TSH = 0.5-4.5 mU/l.

Anti-thyroglobulin (TGAb) and anti-mi-
crosomal fraction autoantibodies (MFAb or
TPOAb) were evaluated using passive hae-
magglutination (Thymume T, Thymume M
respectively, Wellcome Kits), before and af-
ter three and six months of treatment.

Analysis of circulating lymphocyte
subsets by cytometric evaluation

Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll-Hysopaque
density gradient centrifugation. PBMC have
been analyzed by a panel of monoclonal anti-
bodies (MoAb) (Becton-Dickinson) tagged
with either fluorescein isotiocyanate or phy-
coerithrin, i.e. aCD20, aCD3, aCD4, aCD8,
aIL2R. Moreover, we evaluated the CD5+B
cells, the HLA-DR+ T lymphocytes and the
CD4+CD45RA+ subset with double fluores-
cence. These subpopulations have been ex-
pressed as percentages of total B cells, total T
cells and CD4+ lymphocytes, respectively. The
optimal dilution of monoclonal antibodies was
established in preliminary experiments.

The cytometric analysis was performed on
a FACS Analyzer (Becton-Dickinson). The
cells were immediately applied to the flow
without formaldehyde fixation. Cells were
gated for lymphocyte characteristics to mini-
mize the inclusion of other leukocytes or dead
cells; 10,000 cells were counted in each analy-
sis. Cells were scored as positive or negative
staining, according to their fluorescence (red
and green). The specific percentages of posi-
tive cells were obtained by subtracting the
background fluorescence determined with flu-
orescein isothiocyanate or phycoerithrin-irrel-
evant mouse IgG, applied instead of the spe-
cific antibody.

Data analysis
Results were expressed as mean ± standard

error (SE). To establish the statistical signifi-
cance of observed differences non-parametric
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Wilcoxon signed-rank test was used. P values
less than 0.05 were considered significant.

Results

Hormones and autoantibodies levels are
summarized in Figures 1 and 2.

Lymphocyte markers
White blood cells and total lymphocytes

were in a normal range before and during
treatment.

B cells were normal in the percentage and
in absolute number, at the baseline evalua-
tion. During the follow-up we did not ob-
serve any modification.

CD5+B cells, increased in untreated pa-
tients versus normal controls (45.3 ± 19.6%
versus 19.5 ± 6.9) (p< 0.001), showed a reduc-
tion after three (36.8 ± 14.3%) and six
months (27.6 ± 11.1%) of treatment (T0 vs T1:
p = 0.04; T0 vs T2: p = 0.01). In particular, a
decrease was present in 5 out of 11 patients
after three months and in 8 out of 11 after six
months of therapy (Figure 3).

Total T cells showed a normal percentage
(T0 = 70.1 7.7%; T1 = 71.8 ± 6.5%; T2 = 65.7 ±
7%) (normal range = 71.3 ± 6.1%).

The percentage of activated T lympho-
cytes (HLADR+ T cells) was significantly in-
creased in comparison to the control group
(16.4 ± 9.7% versus 4.7 ± 3.2%) (p< 0.001)
before therapy. During the treatment the
percentage decreased to 14.9 ± 7% after
three months (p = n.s.) and to 9.2 ± 7% after
six months of treatment (T0 vs T2

, p< 0.05). A
reduction was demonstrated in 4 out of 11
patients after three months and in 9 out of 11
after six months of therapy (Figure 4).

The percentage of CD4+ T cells was in the
normal range and no significant differences
were observed at T1 and T2. 

The characterization of the CD4+CD45RA+
subset showed a significant decrease at base-
line evaluation in comparison with the nor-
mal group (36.1 ± 14.7% versus 52.3 ± 6.5%)
(p< 0.01). During the treatment this percent-
age increased to 39.3 ± 9.9% after three
months and to 47.9 ± 14.7% after six months.
The increase was demonstrated in 4 out of 11
patients after three months and in 8 out of 11
patients after six months (Figure 5).

The percentage of CD8+ T cells was in the
normal range and no significant changes were
observed during methimazole administration.

The CD4/CD8 ratio was normal both be-
fore (1.4 ± 0.5) and during treatment (1.5 ±
0.5 at T1 and 1.4 ± 0.4 at T2).

The expression of IL-2R on T cells was in
the normal range (1.5 ± 1.6%): T0 = 1 ± 0.8%;
T1 = 1.1 ±1.4%; T2 = 1.2 ± 0.4%.

No statistical correlation between lympho-
cyte subsets, hormonal and autoantibody
modifications was found at the different
times of evaluation. 

Discussion

Our results demonstrated significant modi-
fications of lymphocyte subsets during MM
treatment. CD5+B cells, increased at the be-
ginning of the disease, as well as activated T
lymphocytes (HLADR+T), significantly de-
creased; the CD4+CD45RA+ lymphocytes,
reduced at the baseline evaluation, increased
towards normalization.

A possible immunomodulating effect of
MM is still being discussed. Some studies sug-
gest a direct immunosuppressive effect of MM
and PTU in the BB/Wor or August rat, sus-
ceptible to autoimmune thyroid disease9. The
administration of MM to the BB/Wor lym-
phopenic rat with a very low number of cyto-
toxic/suppressor lymphocytes determines an
increase of this subset and a reduced activa-
tion of T-helper cells, with improvement of
lymphocyte thyroiditis15. Reinhardt et al16 ob-
served that low doses of MM induce a de-
crease of spontaneous lymphocytic thyroiditis
in the BB/Wor rat, and that high doses of this
drug reduce serum TGAb titers. MM may act
on the TPO-iodine system by inhibiting the in-
duction of free radicals and/or scavenging free
radicals generated by the iodine/TPO/H2O2

system16. This activity could reduce the anti-
genicity of the thyroid peroxidase itself, which
is identified as the microsomal antigen17.
Thyroid peroxidase or microsomal antigen is
the enzyme that catalyzes the iodination of
TG. MM may attenuate the immune response
by decreasing the iodination of TG so that the
molecule becomes less immunogenic.

In humans, the drug seems to affect the com-
position of lymphocyte subsets. Some authors
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Figure 1. Behaviour of T3, T4, and TSH during MM treatment of Graves’ disease.



reported significant modifications in the activa-
tion of circulating lymphocyte functional sub-
classes upon methimazole10. Ohashi et al1

demonstrated an increased percentage of
HLADR+CD3+ cells, as well as HLADR+
CD4+ cells, wich seem to be independent on
the treatment, in patients affected by GD; the
percentage of HLADR+CD8+ cells was in-
creased in euthyroid or hypothyroid subjects

with Graves’ disease following therapy, but was
normal in hyperthyroid patients. Walfish et al,
reported a reduction of HLADR+CD+ subset
and an increase in the HLADR+CD8+ subset,
in association with a reduction in serum T4 and
T3 levels, in GD patients after PTU therapy18.
Volpé et al postulated that TDs were acting di-
rectly on the thyroid cells reducing their hor-
mone production and other activities8 .
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Figure 2. Behaviour of TG Ab and MF Ab during MM treatment of Graves’ disease.
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Figure 3. Behaviour of CD5+ B lymphocytes during MMI treatment of Graves’ disease.
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Figure 4. Behaviour of HLADR+ T lymphocytes during MMI treatment of Graves’ disease.

P.L.

P.P.

P.A.

V.N.

L.G.

C.N.

P.B.

A.N.

B.G.

A.M.

M.L.

P.L.

P.P.

P.A.

V.N.

L.G.

C.N.

P.B.

A.N.

B.G.

A.M.

M.L.



Recent evidences demonstrated that there
is an increased number and activation of
CD8+CD11b+ cells, a reduction of soluble in-
terleukin-2 receptor and that the thionamides
interfere with thyrocyte expression of Class I
antigen, interleukin-1, interleukin-6, prosta-
glandin E2 and heat-shock proteins: on the
light of these results, Volpé confirms that the
immunosuppressive effects of TDs are medi-
ated through actions on the thyroid cell, mod-
ulating thyrocyte-immunocyte signaling19-

20.The present study demonstrated a CD5+B
cell increase in GD at the baseline evaluation
and a reduction of their value after three and
six months of MM treatment. 

It is well known that many reports have
documented the increase of CD5+B cells in
some autoimmune diseases21-24.

Previous results of our group showed an in-
crease of CD5+ B cells in new-onset untreat-
ed GD13. In a further investigation we ana-
lyzed CD5+ B cells in different forms of au-
toimmune thyroid diseases and we demon-
strated a marked increase in both percentage
and absolute number of CD5+ B cells only in
active GD14. 

These cells, also defined B-1a cells, repre-
sent 10-25% of circulating and splenic lym-
phocytes and are the vast majority of B cells
in human fetal spleen and cord blood. CD5+
B cells from healthy subjects are committed
to the production of polyreactive antibod-
ies25,26. Under the influence of environmental
factors, these cells increase in number. At
least some self-reactivities can be related to a
significant enrichment in the CD5+ B cell
population. The significant reduction of this
subset after treatment supports a direct or
mediated effect of methimazole on the im-
mune system. However, we did not demon-
strate a correlation between lymphocyte pa-
rameters and hormonal or antibody modifica-
tions, probably on the account of the low
number of cases investigated.

Moreover we studied the immunoregulato-
ry CD4+CD45RA+ cell subset. Indeed, func-
tionally distinct T cell subsets can be separated
using monoclonal antibodies to different iso-
forms of the leucocyte common antigen
(CD45): in humans, antibodies to high
(CD45RA) and low (CD45RO) molecular
weight isoforms identify more or less recipro-
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Figure 5. Behaviour of CD4+CD45RA+ lymphocytes during MMI treatment of Graves’ disease.
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cal subpopulations. Our results showed that
CD4+CD45RA+ lymphocytes were signifi-
cantly reduced in untreated patients in com-
parison to the control group and increased to-
wards normalization after six months of treat-
ment. A defect of CD4+CD45RA+ cells has
been described in some autoimmune diseases
such as rheumatoid arthritis (RA)27-29, systemic
lupus erythematosus (SLE) and Sjogren’s syn-
drome30, Crohn’s disease31 and type 1 dia-
betes32. Kawakami et al demonstrated a re-
duced number of this subset in thyroid tissue
of patients with GD33 and similar results were
obtained in peripheral blood lymphocytes
from untreated Graves’ disease13. All these da-
ta support the hypothesis that a decrease of
such immunoregulatory subset, namely the
suppressor-inducer CD4+ cells, determines a
reduction of T suppressor cell function. 

In our patients methimazole treatment result-
ed in a decrease of autoantibodies, CD5+ B cells
and HLADR+ T lymphocytes; moreover, an in-
crease of CD4+CD45RA+ subset was demon-
strated. These results seem to confirm that me-
thimazole nterferes on the immune response.

There are many ways whereby MM might
effect either the immune system or the thy-
roid cells, but it is impossible to determine
wheter the effects of this drug are specific for
thyroid lymphocytes, aspecifically immuno-
suppressive, or secondary to changes in thy-
roid function. The reduction in thyroid hor-
mone production and a lower thyroid anti-
genic expression MM-induced could lead to
an improvement of the immune imbalance.
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