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Previous studies have shown that dendritic cells (DCs) and
apoptosis play a critical role in the pathogenesis of thyroid
carcinoma (TC). This study was designed to investigate the
expression and distribution of S-100 protein, CD83 and
apoptosis-related proteins (Fas, FasL and Bcl-2) in the thy-
roid tissues of thyroid papillary carcinoma (TPC) and their
role in TPC pathogenesis. Immunohistochemical staining
techniques and other methods were used on pathological
tissues of 30 patients with Thyroid papillary carcinoma (TPC)
and 30 cases of thyroid follicular adenoma (TFA, as control)
to detect the expression and distribution of S-100 protein ,
CD83, Fas, FasL and Bcl-2. A higher expression of S-100
protein in TPC (4.6±3.2%) vs. TFA (0.95±0.64%) (p<0.001)
was observed as well as a higher expression of CD83 in the
peri-cancerous tissues (PCT) (32.51±22.32) vs. TFA
(5.19±8.08) (p<0.001), oppositely, CD83 was negative in
the cancerous net. TPC showed greater increases in levels of
Fas, FasL and Bcl-2 than did the TFA. Our findings suggest
that impaired immune function, absence of CD83-positive
mature and activated dendritic cells in cancer nodules may
have a role in the pathogenesis of thyroid papillary carcino-
ma. The regulation of Fas, FasL and Bcl-2 in TPC may help
them evade the immune system.
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T
he immune system plays a key role in the
onset and development of autoimmune thy-
roid diseases (ATDs) and the thyroid carcino-

ma (TC). Dendritic cells (DCs) are the most potent
antigen presenting cells (APCs) which can induce
the primary immune responses both in vitro and in
vivo (Zhu et al. 1997). Anti-tumour immunity is
coordinated by both innate and adaptive immunity,
and mainly mediated by cytotoxic T cells (CTLs),
natural killer (NK) cells and natural killer T (NKT)
cells. The main players within this context are den-
dritic cells (DCs), which induce, coordinate and reg-
ulate the system (Banchereau et al. 2000). DCs are
highly potent antigen-presenting cells (APCs) with
the unique ability of taking up and processing anti-
gens in the peripheral blood and tissues.They subse-
quently migrate to the draining lymph nodes, where
they present antigens to naïve T lymphocytes, and
thus induce a cellular immune response involving
both CD4+T helper 1 (Th1) cells and cytotoxic
CD8+T cells. Moreover, DCs are also important in
inducing humoral immunity as explained by their
capacity to activate naïve and memory B cells (Jego
et al. 2003). In addition, NK (Fernandez et al.
1999) and NKT cells (Kadowaki et al. 2001) may
also be activated by DCs. Thus, DCs can modulate
the whole immune repertoire, thereby representing
an excellent tool for immunization against cancer.
Consequently, DCs play a key role in the initiation
and development of TC, studies have confirmed the
protective role of DC against thyroid tumors
(Ugolini et al. 2007; Schott 2006; Bachleitner-
Hofmann et al. 2006); Besides, mature DCs (CD83
positive) can activate B cells effectively, which can
stimulate the B cells motivation and differentiation,
and then produce antibodies; Moreover, DCs also
have the ability to produce cytokines and
chemokines, which are the primary factor to pre-
vent the initiation and development of TC. We spec-
ulate that the immune response defects or an
impaired function of DCs, such as DC maturation
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defects may have a role in the pathogenesis of thy-
roid carcinoma.

The Fas/FasL system is one of an expanding fam-
ily of receptor-ligand pairs involved in cell fate
determination in a variety of cells (Nagata et al.
1995). When FasL binds to Fas on Fas-sensitive
target cells, the target cells die by apoptosis
(Nagata et al. 1995). FasL expression in non-lym-
phoid tissue is important for protecting immune
privileged sites from immune-mediated damage
(Griffith et al. 1995; Zhang et al. 2005). On the
other hand, the Bcl-2 protooncogene is the proto-
type of a family of genes that inhibit apoptotic cell
death induced by various stimuli, such as growth
factor deprivation (Cory et al. 1995).

There is considerable evidence that Fas/FasL-
mediated apoptosis plays an important role in the
pathogenesis of PTC (Erdogan et al. 2007). Also,
Bcl-2 is involved in the regulation of apoptosis  and
may thus be involved in the pathogenesis of PTC.

Nowadays, It is known that S-100 protein is a
non-specific marker of DCs and CD83 antigen is a
specific marker of activated and mature human
DCs;both have been used to identify DCs.The S-100
marker has been examined extensively in TC, Study
(Kilicarslan et al. 2000)  has shown an increased
expression of S-100 in thyroid carcinoma and S-
100 protein expression could be helpful in the diag-
nosis of thyroid carcinoma, but little is known about
the expression and distribution of CD83 antigen in
the thyroid tissues of thyroid carcinoma. Papillary
thyroid cancer (PTC) is the most common variant of
thyroid carcinoma. This study used immunohisto-
chemical methods to follow the expression and dis-
tribution of S-100 protein, CD83 and apoptosis-
related proteins (Fas, FasL and Bcl-2) in thyroid tis-
sues of TPC and to determine the role of DCs and
apoptosis in the pathogenesis of TPC and to find
possible connections between them.

Materials and Methods

Subjects and thyroid tissues
30 TPC patients (females, aged 31-63 years)

were involved in this study. Normal thyroid tissues
adjacent to thyroid follicular adenoma (TFA),
obtained from 30 subjects with TFA (females, aged
26-60 years), were assigned as the control. The
patients were admitted to the First Affiliated
Hospital of Shantou University Medical School

between 2001 and 2006, Diagnosis was made from
physical examination of the patients and laboratory
testing and confirmed by histological examination
(hematoxylin and eosin staining) of the thyroid tis-
sue samples. Informed consent was given by all of
the patients and control sudjects after explaining the
nature and purpose of the study. The thyroid tissue
specimens were collected during surgical operation.
All samples were fixed in 10% buffered formalin,
embedded in paraffin, and cut into 4 µm sections.

Enrichment of DCs from peripheral blood
DCs were enriched from peripheral blood exactly

according to the methods described (Zhu et al.
1997; Zhang et al. 2000; Kilicarslan et al. 2000;
Li et al. 2001; Lutz et al. 1999; Chen et al. 2000).
In short, peripheral blood mononuclear cells col-
lected from heparinized fresh blood by centrifuging
on a column of Ficoll-Hypaque (Sigma) were sus-
pended in RPMI 1640 (Sigma) plus 10% fetal
calf serum, adhered on plastic surface for 2h. After
depleting out the nonadherent cells by gentle wash-
ing, the adherent cells were cultured for an addi-
tional 7 days with granulocyte monocyte colony
stimulating factor (GM-CSF) (800 units/mL,
Pharmingen) and recombinant human IL-4 (500
units/mL, Pharmingen). This procedure repro-
ducibly gave growing DC aggregates at 5-7 days,
which were dislodged by gentle pipetting.

Flow cytometry
On the 7th day, DCs were harvested. The percent-

age of CD83-positive DCs in the DC population was
estimated by flow cytometry. The DCs were sus-
pended in a solution of PBS, 1% fetal calf serum,
and 0.1% sodium azide with saturating amounts of
fluorescein isothiocyanate-conjugated mouse mono-
clonal antibody to human CD83 (HB15e; BD
Pharmingen) or isotype matched controls for 30
minutes at 4°C after two washes in fresh buffer, the
percentage of CD83-positive DCs was estimated on
a FACStarp1 (Beckton Dickinson) after removing
the dead cells and contaminating lymphocytes .

Immunohistochemical staining
Immunohistochemical staining was used to detect

S-100 protein, Fas, FasL and Bcl-2.Tissue sections
were firstly incubated in PBS containing the pri-
mary antibody (Rabbit anti-human polyclonal anti-
body to S-100 protein, PharMingen International,
CA); Fas (Sc-714-G,Santa Cruz); FasL (Sc-534-
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G, Santa Cruz); or mouse anti-human monoclonal
antibody to Bcl-2 (Sc-509, Santa Cruz) at 4°C
overnight, followed by incubation with Biotin-
labelled secondary antibody for 1h and then with
ABC complex for 30 mins.The sections were devel-
oped in DAB and then mounted and observed under
a microscope. A known sample from a patient with
breast cancer was used as a positive control, and
PBS was used instead of the primary antibody as
the negative control.The staining of CD83 was per-
formed as described by Chen et al. with some mod-
ifications (Chen et al. 2000; Banchereau et al.
1998; Xu et al. 2007). Formalin-fixed, paraffin-
embedded thyroid specimens were washed three
times in PBS and treated with pepsin (0.5% in
0.01 N HCl) for 20 mins at 37°C before staining
for CD83. The specimens were then treated with
normal goat serum for 20 mins to block non-specif-
ic binding. Mouse anti-human monoclonal antibod-
ies as primary antibody (Pharmingen), diluted
1:100, were then added and incubated over night.
The sections were washed 3x with PBS and reincu-
bated with biotinylated goat anti-mouse immu-
noglobulin (1:200, DAKO, Denmark) at room tem-
perature for 1h. After a wash in PBS, sections were
soaked in alkaline phosphatase-conjugated strepta-
vidin (DAKO) and washed. New Fuchsin (DAKO)
was then used as chromogen. Hematoxylin was used
as a counter stain. A known sample from a patient
with hepatocellular carcinoma was used as a posi-
tive control; negative control slides were processed
with PBS instead of the primary antibody, but
included all other steps of the procedure.

Positive staining estimation
Expression of S-100 protein was noticed in the

nucleus and/or in the cytoplasm of DCs, appearing
as brown granules, and the expression levels were
stronger than background staining.Expression of
Fas, FasL and Bcl-2 protein was seen on the mem-
brane and/or in the cytoplasm of thyroid follicular
cells or cancer cells. Expression of CD83 showing

as red granules was observed on the membrane
and/or in the cytoplasm of DCs. CD83 positive cells
were counted over the whole specimens. The inten-
sity of positive staining of S-100 was evaluated
subjectively by 2 independent observers using a 10x
lens in 10 randomly selected fields of each speci-
men. Each observer made an average of the per-
centages of the 10 fields and then the mean of the
two scores was made. Positive staining of Fas,FasL
and Bcl-2 protein in thyrocytes or cancer cells is
expressed as the percentage of positive thyrocytes
or cancer cells to the total number of thyrocytes or
cancer cells in each field.

S-100 protein-positive cells are shown as the
ratio of a total of 100 infiltrating cells. the frequen-
cies of CD83+ cells are shown as total number of
positive cells/specimen.

Statistical analysis
The data are expressed as mean ± SD.The statis-

tical analysis was done by unpaired or paired t-
tests. Positivities for S-100 and CD83 in TPC and
TFA are shown as percentages, and comparisons
were made by the χ2 test. P-values less than 0.05
are considered to indicate statistical significance.
The SPSS 11.0 statistical program was used for
the calculations.

Results

Percentage of CD83-positive DCs in blood from
patients with TPC and TFA

After 7 days of culture under GM-CSF and IL-4,
the cells exhibited DC morphology with veiled
process and dendrites.These results showed that the
enriched cells were morphologically compatible
with DCs.The percentages of CD83-positive DCs in
TPC were 4.68±1.26%(mean±SD, n=5) of the
total DCs enriched from peripheral blood by using
GM-CSF and IL-4 similar to TFA (5.09±1.47%,
n=5, p>0.05) (Figure 1).
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Figure 1. CD83 of TPC(A) and CD83 of
control (B).



Expression of S-100 protein
The distribution of S-100 protein was detected in

the nucleus and cytoplasm. S-100 protein was pos-
itive in all thyroid tissues, Prevalences of the two
groups were all 100%.TFA tissue seldom express-
es S-100 protein (0.95±0.64%, Figure 2A),
Compared with TFA, the expression of S-100 pro-
tein in TPC was elevated (4.6±3.2%, Figure 2B
and Table 1). (p<0.001).
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Figure 2. Expression of S-100 protein in TFA (A) and TPC (B);
bar = 30 µµm. 

Figure 3. Expression of CD83 in TFA (A), PCT (B), and TPC (C);
bars = 10 µµm.



Expression of CD83
The CD83 positive DCs were also distributed in

infiltrating lymphocytes, CD83 was expressed in
the cytoplasm. CD83 seldom expressed in TFA tis-
sues (with Prevalences of 30%, Frequencies
5.19±8.08, Figure 3A). The CD83-positve cells
were detected in infiltrating cells in peri-cancerous
tissue (PCT) (with Prevalences of 73%,
Frequencies 32.51±22.32 Figure 3B).

CD83-positive cells in TPC could only be dispers-
edly detected around cancer nodules, but there
were no CD83-positive activated DCs in cancer
nodules from any cases with TPC (Figure 3C)
(Table 2).

Expression of Fas, FasL and Bcl-2
All samples expressed Fas ,mainly on the cell

surface and cytoplasm (Figure 4 A,D).TFA thyro-
cytes expressed moderate Fas (Figure 4 A)and
minimal FasL(Figure 4 B). TPC cancer cells
expressed higher Fas, FasL and Bcl-2 than did TFA
thyrocytes (Figure 4 A-F) (p<0.05) (Table 3).

Discussion

Tumors can escape the host immunity surveil-
lance because tumor cells cannot express the infor-
mation molecule required by the host immunity sys-
tem. The immunoreactions in the host are to cap-
ture its antigen by APC. After processing, the anti-
gen information is present in T and B lymphocytes,
stimulating a series of specific cellular immunolog-
ic response and humoral immunoresponse. It is,
therefore, directly related with the induction of
immunological activation or immunological toler-
ance, and the key to the process is APC. DCs are a
kind of the strongest APCs in which antigen
processes and functions (Hart 1997; Inaba 1997),
and can stimulate the native T cells. DCs are in a
unique state of immune response. DCs capture anti-
gens at the periphery, process those into antigenic
epitope at the lymphoid tissues and become activat-
ed. The activated DCs migrate from the lymphoid
tissues into target organs via blood or lymph and
induce the production of activated lymphocytes.
Activated DCs also produce many cytokines and
chemokines, which are essential for the functioning
and survival of activated lymohocytes. Due to a lack
of a human DC-specific marker, S100 protein-posi-
tive cells, interdigitating cells (IDC) and HLA-DR

positive cells have been studied as functional DCs in
different pathological conditions (Demetris et al.
1998; Ishigami et al. 1998; Gabrilovich et al.
1997; Steinman 1991; Hart 1997). But, recent
advances in DC research indicate that IDC probably
represent a population of DCs undergoing apopto-
sis and DCs expressing HLA- DR without co-stimu-
lation would only induce T cells energy, but not T
cell stimulation, whereas, there is no known func-
tion of S100-positive cells (Hart et al. 1997; Chen
et al. 2004). In addition, T cell activation requires
engagement of co-stimulatory receptors on the T
cells. DCs are at the center of the developing tumor-
specific immune response, and are involved both in
the initiation of tumor-specific immunity and the
generation of immune effective functions (Pfragner
et al. 2005; Schott et al. 2004). Many observations
have suggested that DCs in tumors are functionally
impaired (Woods et al. 2000; Avigan. 1999; Zhang
et al. 2000, 2002; Li et al. 1999).

Previous studies had showed that DCs were not
only related to the development of autoimmune dis-
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Table 1. S-100 expression in group of TFA, TPC.

Group Number Prevalences (%) Percentage (X±SD) (%)  

TFA 30 100 0.95±0.64

TPC 30 100 4.6±3.2

TPC compared with TFA, p<0.001

Table 2. CD83 expression in group of TFA, TPC.

Group Number revalences (%) Percentage (X±SD) (%)  

TFA 30 9/30 (30) 5.19±8.08,

PCT 30 22/30* (73) 32.51±22.32∆

TPC 30 0 0

PCT compared with TFA, *p<0.05, ∆p<0.001. Prevalence is shown as the number of
cases positive for CD83-positive DCs. Frequency indicates the actual number of CD83-
positive DCs in the whole specimen.

Table 3. Staining intensity of Fas,FasL and Bcl-2 in group of TPC
and TFA (n=30) groups.

Group Fas FasL Bcl-2

TFA 35.75±12.89 26.08±20.73 14.80±21.26

TPC 55.43±10.81* 64.74±14.84* 61.51±20.32**

*Compared with TFA, p<0.05, **Compared with TFA, p<0.01.
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Figure 4. Expression of Fas (A), FasL (B) and Bcl-2 (C) in TFA; expression of Fas (D), FasL (E) and Bcl-2 (F) in TPC; bars = 50 µµm.



orders but also the development of cancer.
Infiltrating DCs were frequently observed in papil-
lary carcinoma and Hashimoto's disease, and these
DCs were composed primarily of IDCs.The number
of DCs was closely correlated with the expression of
thyrocytes for S-100 protein and Ia-antigen.These
findings suggest that DCs may play an important
role in the immunologic defence mechanisms
against papillary carcinomas and in the progression
and self-perpetuation of autoimmunity (Yamakawa
M et al. 1993). Our previous work (Xu et al. 2004;
Xu et al. 2007) focusing on the expressions of S-
100 protein and CD83 in the thyroid tissues of
autoimmune thyroid diseases (ATDs) illustrated
higher expression of S-100 in HT and GD than in
TFA as well as stronger expression of CD83 in HT
and GD than in TFA. Our findings suggest that high
expression of DCs' markers may be related to the
pathogenesis of HT and GD. Up-regulation of both
the number and matured functions of DCs may lead
to the presentation of more antigens to lymphocytes
which are related to the development of ATDs. Our
present study detected the expression and distribu-
tion of S-100 protein and CD83 in tissues of TPC
and TFA.The results showed a higher expression of
S100 protein in TPC vs TFA.The finding gave us
some evidence that higher number of DCs is related
to the development of TPC. Studies had showed
that increased expression of S100 protein had been
found in the tissue of breast cancer, gastric cancer,
esophageal carcinoma (EC) and colon carcinoma
(Ilg et al. 1996; Stulk et al. 1999;Yinemura et al.
2000; Rudland et al. 2000), and were related with
the prognoses of these cancers, and the higher
expression of S100 protein in cancer tissues is
related with the infiltration of cancer cell (Rustandi
et al. 2000). Our study showed an increased num-
ber of S-100-positive DCs in TPC similar to the
result of our previous studies in which we found an
increased number of S-100-positive DCs in HT and
GD, but the number of CD83-positive DCs (mature
and motivated DCs) is absent in cancer net which is
opposite to the result of our previous studies in
which an increased number of CD83-positive DCs
in HT and GD was found.

Nowadays, CD83 positive DCs have been consid-
ered as mature and activated dendritic cells which
can also express high level of co-stimulatory fac-
tors (such as CD80 and CD86), these CD83 posi-
tive DCs possess very powerful antigen presenting
ability (Pesce et al. 2002). Lower expression of

CD83, CD80 and CD86 was found in EC-DCs
(Zhang et al. 2000).The importance of DC83 and
the CD80/CD86-CD28 system in T cell responses
has been well demonstrated (Avigan. 1999; Zhang
et al. 2000; Chen et al. 2004; Mogi et al. 2000).
The CD80 and CD86, members of the immunoglob-
ulin super gene family, are encoded by separate
genes and provide co-stimulatory function for APC-
dependent T-cell activation both in vivo and in vitro
(Zai et al. 2001; Zhang et al. 2000; Zhang et al.
1998; Ito et al. 2001 ; Xing et al. 2000). A previ-
ous study reported that most tumor tissues did not
express co-stimulatory molecules, which would ren-
der T cells unresponsive for the specific antigens
(Avigan 1999). Because CD83 positive DCs were
not detected in most of the TFA, their existence in
the tissues from TPC patients indicated the matura-
tion and activation of immature DCs. To see if the
number of CD83-positive DCs also increases in the
peripheral blood, we carried out a flow cytometric
analysis to estimate the frequencies of CD83 posi-
tive DCs in the peripheral blood. We found almost
similar frequencies of CD83-positive DCs in periph-
eral blood from TPC and TFA.The similar frequen-
cies of CD83-positive DCs in TPC and TFA implies
that the activation and maturation of DCs occur
only locally in the thyroid tissue or in the neigh-
bouring lymphoid organs of TPC, but not in the
peripheral blood, and also implies that the
increased number of CD83 positive DCs do not
come from the peripheral blood. Although the exact
significance of these findings remain to be clarified,
an importance of tissue infiltrating DCs in these
pathological conditions of TPC is now evident. Most
strikingly, all CD83-positive DCs were localized in
the pericancerous tissues, and there were no CD83-
positive DCs in any cancer nodules. It appears to be
unclear that absence of CD83 positive DCs in can-
cer nodules is the cause or result of cancer develop-
ment. We speculate that there are some elements
within or around the cancer nodules which do not
favour the maturation or motivation of DCs or even
the survival of DCs.

There are conflicting reports about the preva-
lence of activated CD83-positive DCs in cancers,
Enk et al. (1997) have reported that DCs isolated
from metastatic melanoma tissue contained very
few activated DCs, whereas Thrunher et al. (1996)
documented substantial number of CD83-positive
DCs from renal cell carcinoma. Both of these inves-
tigators have isolated DCs following mechanical
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disruption of the cancer specimens, indicating that
DCs in their experiments may have come from can-
cerous tissues or from adjacent non-cancerous tis-
sues. Similar to our data, absence or minimal
recruitment of CD83-positive DCs has been shown
in prostate cancer (Troy et al. 1998), renal cell
cancer (Troy et al. 1998) and hepatocellular carci-
noma (Chen et al. 2000).

What is the significance of the absence of activat-
ed DCs in cancer nodules form patients with TPC?
Activated DCs present the antigenic epitope to T
cells and induce its activation, which are the most
strong inducers for IL-12 and specific cytotoxic Tl
lymphocytes during carcinogenesis (Fan et al.
2002; Hao et al. 2002). In the absence of activat-
ed DCs in cancer nodules, normal immune surveil-
lance against TPC may be hampered due to defec-
tive production of tumor-specific lymphocytes.
Again, tumor-specific lymphocytes would not be
able to function and survive in the absence of acti-
vated DCs.

Studies have shown that Fas/FasL mediated
apoptosis also play an important role in the patho-
genesis of TPC (Erdogan et al. 2007). By forma-
tion of a death-inducing signaling complex and ini-
tiation of a signaling cascade of caspases, Fas lig-
and (FasL) induces apoptosis of Fas-expressing
cells (Thome et al. 2001;Budd et al. 2006). We
studied the role of the apoptosis-related molecules
Fas, FasL and Bcl-2 in TPC.We found that TPC
cancer cells expressed higher level of Fas,FasL and
Bcl-2 than did TFA thyrocytes. The high level of
FasL was found in TPC, suggesting that it helps
them escape immune surveillance by eliminating
infiltrating lymphocytes. Increased level of Bcl-2
may render TPC cancer cells resistant to Fas/FasL-
mediated elimination and may thus be involved in
the pathogenesis of TPC. Purtianko et al. (2003)
studied the Fas/FasL system in the regulation of
tumor-immune system interactions in papillary thy-
roid carcinoma and found that Positive staining for
FasL was observed on neoplastic thyrocytes, where-
as staining of normal thyroid cells was weak or
absent. Staining of lymphocytes both in tumor tis-
sue and in lymph nodes for FasL was weak or
absent. Fas expression was found on normal thyroid
cells, cancer cells and lymphocytes both in tumor
and in lymph nodes with metastases. In lymph node
metastases, in lymphocytes adjacent to FasL cancer
cells morphological signs of apoptosis were
observed. Their findings suggested that Fas/FasL

system favour the survival of cancer cells in TPC.
In summary, the complete absence or minimal

recruitment of CD83-positive DCs in cancer nod-
ules indicates a role of CD83-positive activated
DCs in the pathogenesis of TPC. The regulation of
Fas , FasL and Bcl-2 in TPC may help them evade
the immune system.
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