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Summary

Graves’ disease (GD) is an autoimmune disease that involves aberrant B
and T lymphocyte responses. Detailed knowledge about lymphocyte
subpopulation composition will therefore enhance our understanding of the
pathogenesis of GD and might support the development of new
immunomodulatory treatment approaches. The aim of this study was to gain
detailed insight into the composition of the peripheral blood lymphocyte
compartment in GD before and during anti-thyroid drug therapy. Major B
and T lymphocyte subpopulations were investigated by flow cytometry in
peripheral blood from newly diagnosed GD patients (n = 5), GD patients
treated with anti-thyroid drugs (n = 4), patients with recurrent GD (n = 7)
and healthy controls (HC; n = 10). In GD patients, numbers of activated T
lymphocytes [human leucocyte antigen D-related (HLA-DR)+ and CD25+]
were increased. The B lymphocyte compartment in GD was characterized by
significantly higher numbers of transitional (CD38highCD27−, P < 0·03) and
pre-naive mature (CD38lowCD27−IgD+CD5+, P < 0·04) B lymphocytes, while
memory populations were slightly decreased. The increased numbers of
CD5+, transitional and pre-naive mature B lymphocytes correlated positively
with fT4 plasma levels. GD is associated with increased numbers of activated
T lymphocytes and transitional and pre-naive mature CD5+ B lymphocytes
within the peripheral blood. The increase in CD5+ B lymphocytes was due
mainly to an increase in transitional and pre-naive mature B lymphocytes.
Increased fT4 plasma levels might be associated with this increase in transi-
tional and pre-naive mature CD5+ B lymphocytes.
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Introduction

Graves’ disease (GD) is an autoimmune disease of the
thyroid gland, characterized by hyperthyroidism, which
can be accompanied by extra-thyroidal symptoms such
as ophthalmopathy and dermopathy [1]. GD is an
autoantibody-mediated autoimmune disease in which
hyperthyroidism is caused by thyroid-stimulating hormone
receptor (TSHR) specific autoantibodies (TRAb) which
mimic the effects of pituitary TSH [1]. In addition, neutral
and inhibiting TRAb and antibodies to other thyroid
autoantigens such as thyroglobulin (Tg) and thyroid
peroxidase (TPO) can also be present in the serum of GD
patients. Thus, autoantibody-producing B lymphocytes are
important contributors to GD pathogenesis. Moreover,

lymphoid infiltrates in thyroid and retro-orbital tissue of
GD patients consist of secondary lymphoid follicles con-
taining both B and T lymphocytes [2,3]. Consequently, GD
is currently considered as a B lymphocyte-mediated T
lymphocyte-dependent autoimmune disease [4].

T lymphocyte involvement in GD is evident by infiltra-
tion of activated memory T lymphocytes [CD45RO+humal
leucocyte antigen D-related (HLA-DR+)] into the thyroid
gland [5,6]. Also, T lymphocytes in the peripheral blood
exhibit signs of activation as reflected by increased expres-
sion of HLA-DR, CD25 and CD69 [7–12]. However, contra-
dictory data exist on the composition of the peripheral
blood T lymphocyte compartment. Naive and memory
T lymphocyte subpopulations have been described as
being normal, increased or decreased [7,8,10,13–15]. Also,
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regulatory T lymphocytes [Tregs; CD4+CD25+forkhead box
protein 3 (FoxP3+)] have been described at normal or
increased levels in GD [16,17]. Due to the central patho-
genic role of TRAb in GD, T helper type 2 (Th2) lympho-
cytes are considered as important contributors to GD [4].
This is supported further by increased levels of typical Th2-
associated cytokines such as interleukin (IL)-4, IL-5 and
IL-13 in GD serum and the in-vitro production of these
cytokines by stimulated T lymphocytes from GD patients.
However, increased levels of the Th1-associated cytokines
interferon (IFN)-γ and IL-12 have also been reported fre-
quently, especially in serum from early GD patients with
ophthalmopathy, suggesting the involvement of Th1
responses in GD as well [9,18–20].

The B lymphocyte-mediated immune response in GD is
characterized by autoantibody formation and infiltration of
memory, germinal centre and marginal zone B lymphocytes
into the thyroid gland [21,22]. In addition, increased
peripheral blood B lymphocyte numbers, in particular
CD5+ B lymphocytes, have been reported in GD [23,24].
TRAb are mainly of the immunoglobulin (Ig)G1 subclass
[25], an IgG subclass formed in the presence of the Th1
cytokine IFN-γ, which underscores the importance of T
lymphocyte-dependent B lymphocyte responses in GD. The
occurrence of IgM, IgA and IgE deposits in thyroid and
extra-ocular muscle tissues indicate that B lymphocytes
producing Ig subclasses other than IgG can also contribute
to GD [26,27].

Despite the autoimmune pathogenesis of GD, current
treatment modalities focus mainly on ablation of thyroid
function by anti-thyroid drug therapy with thionamides,
radioactive iodine therapy or thyroidectomy [28]. These
therapies, however, do not largely affect the underlying
pathogenic autoimmune response, although it has been
suggested that thionamides have some immunomodulatory
actions [28,29]. Currently, B cell-directed therapy with anti-
CD20 (Rituximab) is investigated in GD ophthalmopathy.
Early clinical studies report promising results on clinical
improvement of ophthalmopathy, but the effects on hyper-
thyroidism are less pronounced [28,30].

In-depth knowledge with regard to alterations in the
composition of the peripheral blood lymphocyte compart-
ment in GD will contribute to improved understanding of
its pathogenesis and may lead to new immunomodulatory
treatment strategies. To date, however, detailed pheno-
typic studies on peripheral blood B and T lymphocyte
subpopulations are lacking. In this study, we confirm activa-
tion of the T lymphocyte compartment in GD being present
in non-treated and treated GD patients. Anti-thyroid drug
therapy does thus not markedly affect the activation status
of T lymphocytes. In addition, we demonstrate increased
numbers of transitional and pre-naive mature B lympho-
cytes in GD, while memory B lymphocyte numbers are
slightly decreased. The numbers of transitional and pre-
naive mature B lymphocytes correlated positively with
plasma fT4 levels in GD, suggesting that thyroid hormones
influence B lymphocyte development.

Materials and methods

Patients and controls

Sixteen patients with Graves’ disease (GD) and 10 healthy
controls (HC) were included in this study. The GD patients
were divided into three groups: a group of recently diag-
nosed patients prior to anti-thyroid drug therapy, a group
that received anti-thyroid drug therapy for 2–4 months and
a group of patients with recurrent GD receiving anti-
thyroid drug therapy for a second period of time. Charac-
teristics of the subjects are summarized in Table 1. GD was
diagnosed based on typical clinical symptoms, including
diffuse enlargement of the thyroid and homogeneous
increased uptake in a [I123] thyroid scan combined with the
presence of TRAb, suppressed TSH and increased free
thyroxine (fT4) serum levels (Fig. 1a–c). One patient had
clinically active ophthalmopathy. The patients had no
co-existent autoimmune diseases and had not used
corticosteroids or antibiotics during the last 3 months
before study inclusion. All subjects gave their written
informed consent. The study was approved by the medical

Table 1. Characteristics of Graves’ disease (GD) patients and healthy controls (HC).

HC GD diagnosis GD treatment GD recurrent

Group size 10 5 4 7

Age (year) 31·5 ± 6·1 47·2 ± 6·5 30·8 ± 8·5 32·9 ± 8·7

Gender

Female 8 4 4 4

Male 2 1 0 3

Treatment

Thiamazole 3 6

Propylthiouracil (PTU) 2 1

Levothyroxine 1 5

β-adrenergic blocking drugs 1 1 1

Ophthalmopathy 1

T and B lymphocytes in Graves’ disease
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ethical committee of the Erasmus Medical Center, Rotter-
dam, the Netherlands and the Reinier de Graaf hospital,
Delft, the Netherlands.

Study design

Blood was collected prior to a diagnostic [I123] thyroid scan.
All patients receiving anti-thyroid drug therapy stopped
using thyroid hormone supplementation 3 weeks before
and thyrostatics 1 week before the blood collection. Blood
was collected in BD Vacutainer® SSTtm II advance tubes for
serum collection and in BD Vacutainer® lithium heparin
tubes for collection of peripheral blood mononuclear cells
(PBMCs; BD, Plymouth, UK) and processed further within
1 h after collection. Serum was isolated by centrifugation
and frozen for further analyses. PBMCs were isolated using
Ficoll density separation and viably frozen for further
analyses.

Laboratory testing

TRAb were measured by radioimmunoassay with Dyno
tests (BRAHMS, Berlin, Germany; normal range 0·0–
0·9 IU/l). Serum-free T4 (fT4) and TSH were measured by
chemiluminescence assays (Vitros ECi Immunodiag-
nostic System, Ortho-Clinical Diagnostics, Amersham, UK;
TSH normal range 0·4–4·3 mU/l; fT4 normal range
11–25 pmol/l).

Flow cytometry

Total leucocyte count was determined in freshly collected
blood using a CoulterCounter (Beckman Coulter B.V.,
Woerden, the Netherlands) and leucocyte subpopulations
were identified by flow cytometry based on CD45 expres-
sion and side-scatter.

For immunophenotypic characterization of T and B lym-
phocyte subpopulations, viably frozen PBMCs were used. T
lymphocyte subpopulations were defined as naive (TN;
CD45RA+CCR7+CD27+CD28+), central memory (TCM; CD
45RO+CCR7+CD27+CD28+), effector memory (TEM; CD45
RO+CCR7−) and terminally differentiated (TTD; CD45RA+

CCR7−). Regulatory T lymphocytes (Tregs; CD4+CD25+

FoxP3+) were identified by intracellular detection of the
transcription factor FoxP3 using a FoxP3 staining kit
(eBioscience, San Diego, CA, USA). In order to identify
Th1, Th2 and Th17 lymphocytes, PBMCs were stimulated
with phorbol-12-myristate-13-acetate (PMA; 50 ng/ml;
Sigma-Aldrich, Saint Louis, MO, USA) and ionomycin
(500 ng/ml; Invitrogen Ltd, Paisley, UK) for 4 h in the pres-
ence of GolgiStop (BD Biosciences, San Jose, CA, USA).
Thereafter, cells were first stained for extracellular markers,
then fixed with 2% paraformaldehyde, permeabilized with
0·5% saponin, followed by intracellular staining for IFN-γ,
IL-4 and IL-17A. Th1 T lymphocytes were defined as
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Fig. 1. Serum levels of thyroid stimulating hormone receptor

(TSHR)-specific autoantibodies (TRAb) (a), thyroid stimulating

hormone (TSH) (b) and free thyroxine (fT4) (c) in healthy controls

(HC) (n = 10), Graves’ disease (GD) diagnosis (n = 5), GD treatment

(n = 4) and GD recurrent (n = 7). Grey area = normal values; dashed

line = upper limit. *P < 0·05.
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CD4+IFN-γ+, Th2 T lymphocytes as CD4+IL-4+ and Th17 T
lymphocytes as CD4+IL-17A+ [31].

B lymphocyte subpopulations were defined as transi-
tional (CD38highCD27−), pre-naive mature (CD38lowCD27−

IgD+CD5+), naive mature (CD38lowCD27−IgD+CD5−),
natural effector (CD38lowCD27+IgD+), IgG+CD27+ memory
(CD38lowIgD−IgM−IgG+CD27+), IgA+CD27+ memory (CD38low

IgD−IgM-IgA+CD27+), IgG+CD27− memory (CD38lowIgD−

IgM−IgG+CD27−), IgA+CD27− memory (CD38lowIgD−IgM−

IgA+CD27−) and IgM+CD27+ memory (CD38lowIgD−

IgM+CD27+) based on previous studies, with small
adjustments [32].

For flow cytometric analyses, stained cells were measured
using a fluorescence activated cell sorter (FACS) LSR-II (BD
Biosciences) and data were analysed with BD FACSDiva
software version 6·1.2 (BD Biosciences).

Cytokine analysis

Serum levels of IFN-γ, IL-4 and IL-17A were measured
simultaneously using bead-based FlowCytomix simplex kits
(Bender Medsystems GmbH, Vienna, Austria).

Statistical analysis

Subject characteristics are described as mean ± standard
deviation (s.d.). The Kruskal–Wallis test was used to iden-
tify statistically significant differences between the four
groups; when a difference was found the exact Mann–
Whitney U-test was used to compare the different groups to
each other. Statistics are displayed as median (range). All
statistical analyses were performed with spss software
version 15·0. A P-value < 0·05 (two-tailed) was considered
statistically significant. Box-and-whisker plots display the
2·5–97·5 percentiles. Error bars are expressed as the stand-
ard error of the mean (s.e.m.).

Results

Patient characteristics

Newly diagnosed GD patients were hyperthyroid [fT4
35·0 mU/l (33·7–90·0 mU/l), GD diagnosis versus HC
P = 0·001] with suppressed TSH levels [TSH 0·004 mU/l
(0–0·004 mU/l), GD diagnosis versus HC P = 0·001] and
increased TRAb levels [7·8 IU/l (2·6–167·8 IU/l), GD diag-
nosis versus HC P = 0·003; Fig. 1a–c]. In treated GD patients
fT4 levels had normalized [24·2 mU/l (14·6–36·5 mU/l), GD
treatment versus HC P = 0·15], while TSH levels were still
suppressed [TSH 0 mU/l (0–1·09 mU/l), GD treatment
versus HC P = 0·007] and TRAb levels were still slightly
elevated [9·0 IU/l (4·2–25·0 IU/l), GD treatment versus HC
P = 0·003; Fig. 1a–c]. Also in patients with recurrent GD,
TRAb were slightly elevated [3·0 IU/l (0·1–3·7 IU/l), GD
recurrent versus HC P = 0·02], while thyroid function was

normal [fT4 14·6 mU/l (10·6–21·4 mU/l), GD recurrent
versus HC P = 0·37] under anti-thyroid drug therapy
(Fig. 1a–c).

A general flow cytometric blood analysis revealed no sig-
nificant differences in cell numbers of the main leucocyte
populations between the different groups of GD patients
and HC (Fig. 2a). Within the lymphocyte compartment,
total numbers of natural killer (NK) cells, B lymphocytes,
CD4+ T lymphocytes and CD8+ T lymphocytes were compa-
rable between the different groups of patients and HC
(Fig. 2b).

GD is characterized by an activated T
lymphocyte compartment

Newly diagnosed non-treated GD patients displayed
elevated numbers of activated T lymphocytes compared to
HC, as reflected by the significantly (P < 0·01) higher
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Fig. 2. Absolute counts of leucocyte subpopulations (a) and

lymphocyte subpopulations (b) in peripheral blood of healthy

controls (HC) (n = 10), Graves’ disease (GD) diagnosis (n = 5), GD

treatment (n = 4), GD recurrent (n = 7). CD4 = CD4+ T lymphocytes;

CD8 = CD8+ T lymphocytes. *P < 0·05.
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numbers of HLA-DR expressing CD4+ T lymphocytes and a
trend towards increased numbers of CD25 expressing CD4+

T lymphocytes (Fig. 3a,b). Numbers of HLA-DR expressing
CD4+ T lymphocytes normalized in GD patients treated
with anti-thyroid drug therapy, while the trend of elevated
CD4+CD25+ T lymphocyte numbers increased in this
patient group (Fig. 3a,b). Similar trends in HLA-DR and
CD25 expression were seen in CD8+ T lymphocytes
(Fig. 3a,b).

Absolute numbers of Tregs, Th1 (IFN-γ-producing), Th2
(IL-4-producing) and Th17 (IL-17A-producing) T lympho-
cytes were similar in all groups of GD patients and HC
(Fig. 3c). In line with this, serum levels of IFN-γ, IL-4 and
IL-17A did not differ between the study groups (data not
shown).

Absolute numbers of CD4+ (Fig. 3d, left panel) and CD8+

(Fig. 3d, right panel) naive, central memory, effector
memory and terminally differentiated T lymphocyte
subpopulations were not significantly different in the differ-
ent study groups. However, a trend towards increased
numbers of naive T lymphocytes and CD31+ recent thymic
emigrants (RTE) was seen in GD patients receiving anti-
thyroid drug therapy (Fig. 3d, data not shown).

GD is characterized by increased transitional B
lymphocytes and decreased memory B lymphocytes

Transitional B lymphocyte numbers were significantly
(P = 0·01) increased in newly diagnosed untreated GD
patients when compared to HC. Also a trend towards
increased numbers of pre-naive mature and naive mature B
lymphocytes was found (Fig. 4a). In contrast, a trend
towards decreased memory B lymphocyte numbers was
found. In GD patients receiving anti-thyroid drug therapy,
transitional (P = 0·03) and pre-naive mature (P = 0·04) B
lymphocyte numbers were increased compared to HC,
while the trend towards decreased memory B lymphocytes
as seen in the newly diagnosed group was normalized
(Fig. 4a). In patients treated for recurrent GD, numbers of
all B lymphocyte subpopulations were comparable to HC
(Fig. 4a).

More detailed analysis of the major memory
subpopulations showed a tendency towards decreased
natural effector, CD27+IgM+, CD27+IgG+ and CD27+IgA+

memory B lymphocyte numbers in newly diagnosed GD
compared to HC, treated GD and recurrent GD, being sig-
nificant only for the CD27+IgA+ memory B lymphocyte

0·3
(a)

(c)

(d)

(b)
0·4

HC
GD diagnosis
GD treatment
GD recurrent0·3

0·2

0·1

0·0

*

*

0·2

0·1

0·0

0·2

0·1

0·0

1·0

0·8

0·6

0·4

0·2

0·0
TN TCM TEM TTD TN TCM TEM TTD

Treg Th1 Th2 Th17

H
LA

-D
R
+

C
D
25

+

C
D
4
+ C

D
25

+

C
D
8
+ C

D
25

+

C
D
4
+ H

LA
-D

R
+

CD4+ T lymphocytes CD8+ T lymphocytes

C
D
8
+ H

LA
-D

R
+

C
e
lls

/m
l 
b
lo

o
d
 (

x
1
0
E

6
)

C
e
lls

/m
l 
b
lo

o
d
 (

x
1
0
E

6
)

C
e
lls

/m
l 
b
lo

o
d
 (

x
1
0
E

6
)

C
e
lls

/m
l 
b
lo

o
d
 (

x
1
0
E

6
)

Fig. 3. Absolute counts of human leucocyte

antigen D-related (HLA-DR)+ T lymphocytes

(a), CD25+ [forkhead box protein 3 (FoxP3)–] T

lymphocytes (b), CD4+CD25+FoxP3+ regulatory

T (Treg) lymphocytes, interferon

(IFN)-γ-producing [T helper type 1 (Th1)]

lymphocytes, interleukin (IL)-4-producing

(Th2) lymphocytes and IL-17A-producing

(Th17) lymphocytes (c) and naive and memory

T lymphocyte subpopulations (d) in peripheral

blood of healthy controls (HC) (n = 10), Graves’

disease (GD) diagnosis (n = 5), GD treatment

(n = 4) and GD recurrent (n = 7). CD4 = CD4+

T lymphocytes; CD8 = CD8+ T lymphocytes

TN = naive T lymphocytes; TCM = central

memory T lymphocytes; TEM = effector memory

T lymphocytes; TTD = terminally differentiated

T lymphocytes. *P < 0·05.
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population (GD diagnosis versus HC, P = 0·005, Fig. 4b).
The examined CD27− memory B lymphocyte populations
did not differ between the study groups.

GD has been associated previously with increased per-
centages of CD5+ B lymphocytes [33]. In line with this, we
found increased CD5+ B lymphocyte numbers in newly
diagnosed and treated GD patients (GD diagnosis versus
HC P = 0·04; GD treatment versus HC P = 0·02, Fig. 4c). In
humans, CD5 is expressed mainly on transitional and pre-
naive mature B lymphocytes [34], which is in line with the
increased numbers of transitional and pre-naive mature B
lymphocytes we observed in these GD groups.

Increased transitional and pre-naive mature B
lymphocytes correlate with fT4 plasma levels

Transitional B lymphocytes represent recent bone marrow
(BM) emigrants [35]. The increased transitional B lympho-
cyte numbers in peripheral blood of GD patients may
therefore result from enhanced B lymphocyte development
and/or BM output in these patients. It has been demon-
strated that thyroid hormones are capable of stimulating
pro-B cell proliferation [36]. It could therefore be that
thyroid hormones enhance B lymphocyte development
and/or BM output in GD, resulting in increased numbers of
transitional B lymphocytes in the blood. In support of this
hypothesis, we found a positive correlation between fT4

plasma levels and total CD5+ (Fig. 5a; P < 0·01), transitional
(Fig. 5b; P < 0·01) and pre-naive mature (Fig. 5c; P < 0·05)
B lymphocyte numbers in our total study cohort (GD
patients and HC).

Discussion

In this study, combined immunophenotypic analysis of
both the B and T lymphocyte compartments in peripheral
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blood from GD patients was performed and correlated with
parameters of disease. We confirm the presence of increased
activated T lymphocyte and CD5+ B lymphocyte numbers
in peripheral blood from GD patients. Importantly, we
demonstrate that the increase of CD5+ B lymphocytes in the
blood of GD patients is largely attributable to increased
numbers of transitional and pre-naive mature B lympho-
cytes. Moreover, the fT4 plasma levels in GD correlated
positively with this increase in transitional and pre-naive
mature B lymphocyte numbers.

The peripheral blood T lymphocyte compartment of the
newly diagnosed untreated GD patients in our study
showed increased numbers of activated CD4+ T lympho-
cytes (HLA-DR+ and CD25+), similar to other studies
[5,7,11]. HLA-DR+ T lymphocyte numbers were normalized
to the level found in HC in GD patients receiving anti-
thyroid drug therapy. In concordance with this, a reduction
of HLA-DR expression in thyrocytes has been described
upon initiation of anti-thyroid drug therapy [37]. In con-
trast, CD25+ T lymphocyte numbers did not normalize in
GD patients receiving anti-thyroid drug therapy. Previous
studies have reported increased percentages of both HLA-
DR+ and CD25+ T lymphocytes in GD patients receiving
anti-thyroid drug therapy [7,11]. It is possible that differ-
ences in duration of treatment or methodological differ-
ences (percentage of cells versus absolute cell numbers)
account for the discrepancies between studies. Nevertheless,
all available data so far point to the presence of an activated
T lymphocyte compartment in GD, and this present study
shows that this is only marginally influenced by anti-
thyroid drug therapy. These data suggest that T cell directed
therapy could be attempted in GD.

An increased percentage of naive T lymphocytes and
RTEs has been described in euthyroid GD patients receiving
anti-thyroid drug therapy compared to HC [15]. Moreover,
it has been demonstrated that TSH enhances human T lym-
phocyte development via functional TSHR expression on
human thymocytes, suggesting that TRAb might also
enhance T lymphocyte development and thus thymic
output of naive T lymphocytes (van der Weerd et al. sub-
mitted) [38,39]. In line with this, our study revealed a trend
towards increased naive T lymphocyte and RTE numbers in
GD patients receiving anti-thyroid drug therapy compared
to HC, albeit not statistically significant. Such a trend,
however, was not observed in newly diagnosed GD patients.
As the newly diagnosed GD patients were significantly older
than the other groups (Table 1), we cannot formally exclude
an age-dependent effect on naive T lymphocyte numbers in
this group. However, only naive CD8+ T lymphocyte
numbers correlated significantly with age (rs = −0·6;
P < 0·01), while naive CD4+ T lymphocyte numbers
(rs = −0·35; P = 0·08) and RTE numbers (rs = −0·26;
P = 0·19) did not. Overall, these observations support the
notion that circulating naive T lymphocyte and RTE popu-
lations are increased in patients receiving anti-thyroid drug

therapy. Moreover, in our study, peripheral blood naive T
lymphocyte and RTE numbers did not correlate with TRAb
or fT4 levels. We therefore suggest that the increased naive T
lymphocyte and RTE numbers merely reflect an effect of
anti-thyroid drug therapy rather than being part of the
pathogenesis of GD.

The peripheral blood B lymphocyte compartment of
patients with GD has been shown previously to contain an
increase in CD5+ B lymphocytes [24], which is in line with
our observation. CD5 expression on peripheral blood B
lymphocytes is confined specifically to transitional and pre-
naive mature B lymphocytes [34]. Transitional B lympho-
cytes represent recent BM emigrants that subsequently
differentiate via the intermediate pre-naive mature B lym-
phocyte stage into CD5− naive mature B lymphocytes
[34,35]. In this study we have demonstrated that the
increase in CD5+ B lymphocytes in GD is attributable to an
increase in transitional and pre-naive mature B lymphocyte
numbers. In contrast to this, memory subpopulations
showed a tendency to decreased cell numbers in GD.

Autoantibody-mediated autoimmune diseases such as
systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA) and Sjögren’s syndrome (SS) have also been associated
with increased percentages of CD5+ and transitional B lym-
phocytes, although absolute cell numbers were normal in
these studies [33,34,40–42]. Several mechanisms have been
suggested to explain this increase in transitional B lympho-
cytes in autoimmune diseases. Disturbed negative selection
in the BM might account for increased BM emigration by
immature B lymphocytes and subsequent peripheral blood
entrance as transitional B lymphocytes [34,40,43]. In addi-
tion, chronic inflammation might enhance transitional B
lymphocyte numbers, as it has been demonstrated that
especially IL-4 facilitates survival of transitional and pre-
naive mature B lymphocytes [34,40]. Moreover, factors such
as B lymphocyte activating factor (BAFF) and macrophage
migration inhibitory factor (MIF), both crucial survival
factors for naive B lymphocytes [35,44], have been found
elevated in GD serum [45,46]. In concordance with this,
BAFF inhibition reduced total peripheral B lymphocyte
numbers in a hyperthyroid GD mouse model [47]. These
factors may thus contribute to the expansion of transitional
and pre-naive mature B lymphocytes in GD.

In addition, elevated thyroid hormone levels in GD may
also contribute to the increase in transitional B lymphocyte
numbers. It has been demonstrated that hypothyroid hyt+/+

mice have decreased numbers of developing B lymphocyte
progenitors in the BM which could be restored by thyroid
hormone supplementation (own observations, data not
shown) [48]. In line with this, reduced total BM cell
numbers have been demonstrated in T3Rα−/− mice, and
thyroid hormones have been found to stimulate pro-B lym-
phocyte proliferation, thereby increasing total numbers of B
lymphocyte progenitors [36,49]. Moreover, hypothyroidism
in humans is also associated with decreased bone marrow
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output [50]. Based on these data we hypothesized that
increased thyroid hormone levels in GD influence bone
marrow activity and thereby contribute to the increased
transitional and pre-naive B lymphocyte numbers that we
found in the peripheral blood from GD patients. This
hypothesis is supported further by the significant positive
correlation that we observed between fT4 levels and the
number of total CD5+, transitional and pre-naive mature B
lymphocytes.

Despite the important pathogenic role of autoantibodies
in GD, we observed a slight reduction in memory B lym-
phocytes and plasma cells involved in Ig production in
newly diagnosed GD patients compared to HC. It has,
however, been shown that intra-thyroidal B lymphocytes
consist mainly of marginal zone and memory B lympho-
cytes [21,22]. This suggests that redistribution of memory
cells into thyroid tissue may be responsible for the reduc-
tion in peripheral blood memory B lymphocyte numbers in
newly diagnosed GD.

In conclusion, combining detailed immunophenotypic
analysis of B and T lymphocyte subpopulations in periph-
eral blood, we confirm the presence of an activated T lym-
phocyte compartment in GD patients, which is not affected
significantly by anti-thyroid drug therapy. Moreover, we
demonstrate an increase in transitional and pre-naive
mature CD5+ B lymphocyte numbers in the peripheral
blood of GD patients, which correlated positively with fT4
plasma levels. This suggests that fT4 plasma levels may con-
tribute to the increase in transitional and pre-naive mature
B lymphocytes.
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