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Background: The autoimmune thyroid dis-
ease (AITD) is an organ-specific autoim-
mune disease characterized by the break-
down of self-tolerance to thyroid antigens.
Some lymphocytes have been identified to
be related notably to the pathogenesis of
AITD. This article evaluated the distribution
of the lymphocytic subpopulation in thyroid
glands in order to develop the immunospe-
cific forms of therapy for AITD. Methods:
Damaged thyroid specimens were obtained
from 18 Graves’ disease (GD) and 17
Hashimoto’s thyroiditis (HT) patients. Nor-
mal thyroid specimens were obtained from
unaffected glands of 17 patients who under-
went parathyroidectomy. We evaluated the
distribution of lymphocytic subpopulation
by analyzing the expression difference and
correlationship among CD4+ T lymphocyte,
CD8+ T lymphocyte, CD20+ B lymphocyte
as well as regulatory T cells(Tregs)’ marker
FoxP3 in the thyroid tissues via immunohis-
tochemistry. Results: Our research uncov-
ered that no distinct lymphocyte infiltrated
in the normal thyroid specimens. Scarcely

any lymphocyte infiltration could be found in
half of the totally 18 GD thyroid specimens.
For the rest 9 GD specimens, CD8+ T cells
and CD20+ B cells were expressed more or
less in all of them, FoxP3+ Tregs were de-
tected in 7 of them and CD4+ T cells were
weakly expressed in only 2 of them. For the
17 HT thyroid specimens, CD20+ B cells
were stained strongly in all of them, CD4+,
CD8+ T cells were expressed more or less
in most of them and FoxP3+ Tregs could be
detected in 9 of them. Conclusion: Based
on CD20+ B cells predominantly infiltrat-
ing in all HT thyroid tissues we suggested
CD20 antibody might be of help for HT treat-
ment. Furthermore based on FoxP3+ Tregs
abundantly infiltrating in some of the AITD
thyroid specimens, we considered that acti-
vating the Tregs’ function in comparison to
increasing the Tregs’ number only, may be
a more effective approach to the treatment
of AITD in some cases. J. Clin. Lab. Anal.
28:249–254, 2014. C© 2014 Wiley Periodi-
cals, Inc.
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INTRODUCTION

The autoimmune thyroid disease (AITD) is an organ-
specific autoimmune disease characterized by the break-
down of self-tolerance to thyroid antigens and the
occurrence in the serum of antibodies against thyroid self-
antigens (1). Two typical AITDs are Graves’ disease (GD)
and Hashimoto’s thyroiditis (HT). The thyroid tissues of
patients with these diseases are infiltrated by lymphocytes,
in which T cells and B cells are the cellular components
of the adaptive immune response.
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T cells are involved in cell-mediated immunity. Several
different subsets of T cells, for example, helper, cytotoxic,
and regulatory T cells (Tregs), have been discovered, each
with a distinct function. T-helper cells, known as CD4+
cells because they express the CD4 protein on their sur-
face, assist other cells in immunologic processes including
maturation of B cells into plasma cells and activation
of cytotoxic T cells and macrophages. Cytotoxic T cells,
known as CD8+ cells since they express the CD8 glyco-
protein at their surface, destroy virally infected cells and
tumor cells, are also implicated in transplant rejection (2).
Tregs, formerly known as suppressor T cells, are a special-
ized subpopulation of T cells that act to suppress activa-
tion of the immune system and thereby maintain immune
system homeostasis and tolerance to self-antigens (3, 4).
Regulatory T cells exert their suppressor/regulatory ac-
tivity on CD4+ T cells, CD8+ T cells, B cells, and DC
cells. FoxP3 transcription factor is regarded as a hallmark
of Tregs. It is expressed intracellularly and mediates the
expression of many of the proteins required for Tregs sup-
pressor function (5).

B cells are lymphocytes that play an important role in
the humoral immune response. The principal functions of
B cells are to make antibodies against antigens, perform
the role of antigen-presenting cells, and eventually
develop into memory B cells after activation by antigen
interaction. CD20 is a nonglycosylated phosphoprotein
expressed on the surface of all mature B cells. It is
expressed on all stages of B-cell development except the
first and last and is present from pre-pre-B cells through
memory cells, but not on either pro-B cells or plasma cells.

T cells and B cells have been identified to be related
notably to the pathogenesis of AITD. It is generally
considered that T cells elaborate various lymphokines
and exhibit a mitogenic response when exposed to thyroid
antigens or to peptide sequences from the antigens while
B cells secrete thyroid autoantibody. In this paper, we
evaluated the distribution of lymphocytic subpopulation
and analyzed the expression difference and correlation-
ship among CD4+ T lymphocyte, CD8+ T lymphocyte,
CD20+ B lymphocyte as well as regulatory T cells’
marker FoxP3 via immunohistochemistry in the thyroid
specimens sourced from 18 GD and 17 HT patients who
received the operational administration from 2002 to
2009. Based on the experimental results and analysis, we
deduced some new opinions and thoughts that should
be helpful for the development of the immunospecific
therapy forms for AITD in the future.

MATERIALS AND METHODS

Patients

Surgical thyroid tissues were obtained from 18 GD and
17 HT patients. Diagnosis was established on commonly

accepted clinical, laboratory, and histological criteria. All
GD patients had clinical and biochemical features of hy-
perthyroidism and underwent surgery when they were in a
controlled, almost euthyroid state as a result of treatment
with methimazole or propylthiouracil. All had received io-
dine preoperatively. Patients with HT who were operated
had long-standing, very large compressive goiters with ob-
structive symptoms. All were under treatment with thyroid
hormone replacement, and thyroid hormone levels were
normal. Normal thyroid tissues were obtained from 17
unaffected glands of patients undergoing parathyroidec-
tomy. In all cases, an informed consent was obtained,
and this study was approved by the local hospital ethical
committee.

Immunohistochemical Analysis

After thyroidectomy, 4-μm thyroid slices were histolog-
ically examined with hematoxylin-eosin. Immunohisto-
chemical reactions in paraffin specimens with monoclonal
antibodies against T-cell markers CD4, CD8 (ZYMED,
San Francisco, CA) as well as against B cells CD20
(ZYMED) and the antigen-presenting FoxP3 antibodies
(ABGENT, San Diego, CA) were performed. The spec-
imens were dewaxed in xylene, hydrated by rinsing with
numerous alcohols and distilled water. Next, antigens
were revealed in citrate buffer at pH 6.0. After the speci-
mens had been washed in distilled water and Tris Buffered
Saline (TBS) buffer, endogenous peroxidase was blocked
with 3% H2O2, which was followed by a subsequent wash
of the specimens in TBS buffer. Thus, prepared thyroid
specimens were incubated with a primary antibody and
then with dextran marked with horseradish peroxidase
and with the chromogene of DAB horseradish. When the
immunohistochemical reaction was finished, cell nuclei
were stained with (Mayer’s) hematoxylin; the specimens
were dehydrated in alcohol, exposed to xylene, and
embedded in Canada (neutral) balsam.

The immunoreactivity of CD4, CD8, CD20, and FoxP3
was scored semiquantitatively as the staining intensity
and the frequency of staining of nuclear and cytoplas-
mic components and the whole. The intensity of staining
was graded as 0 (negative), 1 (weak), 2 (moderate), and
3 (strong). The frequency was graded from 0 to 4 by per-
centage of positive cells as follows: grade 0, <3%; grade
1, 3–25%; grade 2, 25–50%; grade 3, 50–75%; and grade
4, >75%. The index score was the product of multiplica-
tion of the intensity and frequency grades, which was then
binned into a 4-point scale: index score 0 (−), product of
0; index score 1 (+), products 1 and 2; index score 2 (++),
products 3 and 4; and index score 3 (+++), products 6–
12 (6). Comparison of immunoreactivity of CD4, CD8,
CD20, and FoxP3 in GD and HT patients was carried out
using the Friedman rank test with SPSS 13.
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Fig. 1. HE staining (×40) (A) and immunoreactivity of CD4 (B), CD8 (C), CD20 (D), FoxP3 (E) in the thyroid specimen sourced from no. 14 GD
patient.

RESULTS

Immunohistochemical investigations showed a signifi-
cant infiltration of lymphatic cells in the thyroid specimens
from all HT and some GD patients, while no distinct infil-
tration of lymphatic cells in the normal thyroid specimens
were found. CD4+, CD8+, CD20+, and FOXP3+ cells
were mostly stained between the thyroid follicles. CD4+,
CD20+, and FOXP3+ cells were presented in the pro-
liferation centers of lymphatic follicles, while CD8+ cells
were at the peripheries of lymphatic follicles.

For the 18 GD thyroid specimens, scarcely any
lymphocyte infiltration could be found in half of them
(Fig. 1A–E). CD8+ and CD20+ cells were expressed
more or less in rest of the nine GD thyroid specimens
and FoxP3+ cells were detected in seven GD thyroid
specimens. CD4+ cells were relatively the least frequently
occurring among the lymphatic cell subsets investigated
in our laboratory, which were weakly expressed in only
two GD thyroid specimens (Table 1). More enhanced
immunological reaction was observed in 17 HT thyroid
specimens (Fig. 2F–J). CD20+ cells were stained strongly
in all of them. CD4+ and CD8+ cells were expressed
more or less in most of them with only one exception
for each, respectively. FoxP3+ cells could also be found
in nine of them (Table 2). Statistical analysis apparently
showed that the predominant lymphocytes were CD20+
B cells in both GD and HT thyroid specimens (data not
shown).

DISCUSSION

A lot of studies on regulatory T cells and other lym-
phocyte subpopulations in AITD have been done re-
cently in order to find out the relationship among lym-
phocytic subtypes. Deshun Pan et al. reported that the
number of CD4+CD25+ cells was similar in active GD
patients and control subjects (7). Nevertheless, Marazuela
et al. reported that a significantly higher proportion of
CD4+Foxp3+ was detected in AITD patients than in
healthy controls (8). Considering AITD is an organ-
specific autoimmune disease, it is more important to de-
tect the lymphocyte subsets in thyroid than in peripheral
blood. However, the related reports on lymphocyte sub-
sets in the thyroid are very few by now because it is not so
easy to obtain the thyroid specimen of AITD patient since
thyroid operation is not the preferred treatment for AITD
in most cases. Marazuela et al. found that CD69+Foxp3+
lymphocytes were significantly enriched in thyroid tissue
of GD but no apparent differences of the cell subsets were
observed in tissues from HT compared to GD patients (8).
Iwona Ben-Skowronek et al. detected that in the thyroid
specimen from GD patients, T lymphocytes constituted
17.73% of the cells in the specimens. A total of 6.49%
of T lymphocytes were CD8+ T lymphocyte and 2.95%
CD4+ T lymphocyte. In addition, they also reported that
lymphocytes infiltrations were dominated by CD79a+ B
lymphocytes, which constituted 23.21% of the observed
cells (9). However none of them detected the amount of
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TABLE 1. Immunoreactivity of Lymphocytes Subpopulations in Vision Fields of 18 GD Patients’ Thyroid Tissues

CD4 Foxp3 CD8 CD20

Patient Intensity Frequency Score Intensity Frequency Score Intensity Frequency Score Intensity Frequency Score

1 0 0 − 0 1 − 1 1 + 2 2 ++
2 0 0 − 0 0 − 1 1 + 2 2 ++
3 0 0 − 3 3 +++ 2 3 +++ 2 3 +++
4 1 1 + 1 1 + 1 3 ++ 1 1 +
5 0 0 − 0 0 − 0 0 − 0 0 −
6 0 0 − 0 0 − 0 1 − 0 1 −
7 0 1 − 3 3 +++ 1 3 ++ 1 3 ++
8 1 1 + 3 3 +++ 1 3 ++ 2 3 +++
9 0 1 − 3 2 +++ 1 3 ++ 2 3 +++
10 0 0 − 0 0 − 0 0 − 0 0 −
11 0 0 − 0 0 − 0 0 − 0 0 −
12 0 0 − 0 0 − 0 0 − 0 0 −
13 0 0 − 0 0 − 0 1 − 0 0 −
14 0 1 − 2 1 + 1 3 ++ 3 3 +++
15 0 0 − 0 0 − 0 0 − 0 0 −
16 0 0 − 0 0 − 0 0 − 0 0 −
17 0 1 − 2 3 +++ 1 3 ++ 2 3 +++
18 0 0 − 0 1 − 0 1 − 0 1 −

Note: Intensity: staining intensity grades; frequency: staining frequency grades. Score: index score, product of multiplication of the intensity and
frequency grades.

the effect T cell, B cell, and regulatory T cells, respec-
tively, in each thyroid specimen of AITD and discussed
the correlationship among the three lymphocyte subsets.

In this study, a significant infiltration of lymphatic
cells was observed in our thyroid specimens of HT and
some of GD patients, and as was expected, we could

not find distinct infiltration of lymphatic cells in all the
normal thyroid tissues. However, we were a little curi-
ous why lymphocyte infiltration could scarcely be found
in nine GD specimens either. According to Weetman’s
report, thyroid autoantibody levels could be declined af-
ter antithyroid drug treatment because the thyroid gland

Fig. 2. HE staining (×40) (F) and immunoreactivity of CD4 (G), CD8 (H), CD20 (I), FoxP3 (J) in the thyroid specimen sourced from no. 3 HT
patient.
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TABLE 2. Immunoreactivity of Lymphocytes Subpopulations in Vision Fields of 17 HT Patients’ Thyroid Tissues

CD4 Foxp3 CD8 CD20

Patient Intensity Frequency Score Intensity Frequency Score Intensity Frequency Score Intensity Frequency Score

1 3 2 +++ 3 3 +++ 2 3 +++ 3 3 +++
2 3 3 +++ 3 3 +++ 0 1 − 3 3 +++
3 3 3 +++ 3 3 +++ 1 3 ++ 3 3 +++
4 3 3 +++ 0 0 − 2 3 +++ 3 3 +++
5 2 2 ++ 1 1 + 2 3 +++ 3 3 +++
6 2 2 ++ 0 1 − 1 3 ++ 3 3 +++
7 1 2 + 0 0 − 1 3 ++ 3 3 +++
8 1 2 + 0 1 − 1 3 ++ 3 3 +++
9 2 2 ++ 0 1 − 1 3 ++ 3 3 +++
10 2 3 +++ 3 3 +++ 1 3 ++ 3 3 +++
11 2 2 ++ 1 1 + 1 3 ++ 3 3 +++
12 2 2 ++ 2 2 ++ 1 3 ++ 3 3 +++
13 1 2 + 0 0 − 1 3 ++ 3 3 +++
14 1 2 + 0 0 − 1 3 ++ 3 3 +++
15 1 1 + 0 0 − 1 3 ++ 3 3 +++
16 1 1 + 1 1 + 1 3 ++ 3 3 +++
17 0 0 − 1 2 + 1 3 ++ 3 3 +++

Note: Intensity: staining intensity grades; frequency: staining frequency grades. Score: index score, product of multiplication of the intensity and
frequency grades.

itself is the major site of thyroid autoantibody secretion
in AITD (10). Therefore, we deduced that the alleviation
of immune response may be owing to the drug’s fact con-
sidering that all patients had received the treatment with
methimazole or propylthiouracil prior to surgery. How-
ever, we observed that CD8+ T lymphocytes were more
frequently detected than CD4+ cells in GD thyroid spec-
imens. This was in accordance with the report of Iwona
Ben-Skowronek et al. who found that using an electron
microscope, CD8+ T lymphocyte were more frequently
observed (0.65%) than CD4+ cells (0.19%) (9). Further-
more, nonstaining of CD4+ cells was found in 16 of 18
GD thyroid specimens. According to Yukiyo Nakamura
et al.’s report, we considered that the increased Fas ex-
pression in intrathyroidal CD4+ cells may be the cause of
CD4+ cells’ reduction in GD thyroid tissues (11).

It is intriguing that CD20+ B lymphocytes predomi-
nantly infiltrated in our thyroid specimens from all the
HT and half of GD patients. Daniel El Fassi et al. tried
to use Rituximab (RTX), a monoclonal human/mouse
antibody directed against CD20, to deplete the circulating
B lymphocytes in GD thyroid tissue (12) considering
that B lymphocytes usually comprise around 9% of
lymphocytes in GD thyroid gland (13). But the effects of
RTX treatment on GD are still little convincing in actual
clinical practice, in general. Lasting therapeutic effects of
RTX were achieved in some patients with low-thyroid-
stimulating hormone receptor (TSHR) antibodies but
not in those with high-TSHR antibodies (14, 15). In
our investigation, we found that CD20+ could not be
detected in nine of 18 GD thyroid specimens, which

indicated that not all the GD thyroid tissues were stained
with CD20 and as a result, the GD patients with CD20−
B cells in thyroid tissue may not be affected by RTX
treatment. Interestingly, we detected a striking expression
of CD20+ cells in HT thyroid gland. Therefore, we sup-
pose that RTX-targeting B cell may be a more effective
intervention immunotherapy on HT. Currently, RTX
treatment was only used for HT patients complicated
with lymphoma. According to the latest report by Toshio
Kahara et al., the antithyroid peroxidase antibody
turned negative or decreased, TSH levels decreased with
the same levothyroxine dosage in three cases of HT
complicated with thyroid mucosa-associated lymphoid
tissue (MALT) lymphoma after RTX monotherapy (16).
However, no related report can be found by now on RTX
monotherapy for normal HT patients. It still needs our
further investigation to verify if RTX is helpful to prevent
or reverse HT from being hypothyroidism.

In order to learn the role FoxP3+ regulatory T cells
played in the pathology of AITD, we detected the expres-
sion of FoxP3 in AITD thyroid specimen and noticed that
FoxP3+ cells were presented in seven of nine GD thyroid
specimens, and in 9 of 17 HT thyroid specimens, in which
abundant lymphocyte infiltration could be observed.
FOXP3 is a key gene in the development of Tregs and
it commits naive T cells to become Treg cells. Consider-
ing the decrease of self-tolerance against thyroid antigens
caused by defection of suppressor lymphocytes is an im-
portant reason in the pathogenesis of AITD, our initial ex-
pectation was that the number of Tregs might be decreased
in AITD. However, it was not the case. FoxP3+ cells were
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actually expressed more or less in many of our AITD
thyroid specimens. One possible explanation for this phe-
nomenon is that Tregs are augmented as a physiological
response to the development of an autoimmune process, in
an attempt to control autoimmunity. Another explanation
is that the function of Tregs might be apparently disabled
although they are abundant in inflamed thyroid tissue,
which was put forward by Monica Marazuela et al. (8).
Defective function of Tregs may cause the destruction of
immune tolerance and induce the pathobiology of AITD.
The results obtained from our research indicated that ac-
tivating the Tregs’ function, for example, Vitamin D3 (17),
would be probably a more effective approach to the treat-
ment of AITD than increasing the Tregs’ number only, for
example, Tregs-based adoptive therapies, in some cases.

In conclusion, our study attempted to develop the im-
munospecific forms of therapy for AITD by analyzing the
expression difference and correlationship among CD4+ T
lymphocyte, CD8+ T lymphocyte, CD20+ B lymphocyte,
and regulatory T cells’ marker FoxP3 in the thyroid spec-
imens from GD, HT, and normal thyroid tissues. We dis-
closed that CD20+ cells predominantly infiltrated in HT
thyroid tissues and suggested that CD20 antibody might
be of help for HT treatment. Furthermore, we found that
FoxP3+ Tregs were abundantly infiltrated in some of the
AITD thyroid specimens. Thus, we considered that acti-
vating the Tregs’ function in comparison to increasing the
Tregs’ number only, may be a feasible approach to the
treatment of AITD in some cases.
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