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  Recent studies suggest that immunization with autologous dendritic cells (DCs) results in protective 
immunity and rejection of established tumors in various human malignancies. The purpose of this 
study is to determine whether DCs are generated from peripheral blood mononuclear cells (PBMNs) 
by using cytokines such as F1t-3 ligand (FL), granulocyte macrophage-colony stimulating factor 
(GM-CSF), IL-4, and TNF-α, and whether cytotoxic T cells activated against the thyroid cancer tissues 
by the DCs. Peripheral blood was obtained from 2 patients with thyroid cancer. DCs were established 
from PBMNs by culturing in the presence of FL, GM-CSF, IL-4, and TNF-α for 14 days. At day 14, 
the differentiated DCs was analyzed morphologically. The immunophenotypic features of DCs such 
as CDla, CD83, and CD86 were analyzed by immunofluorelescence microscopy. At day 18, DCs and 
T cells were incubated with thyroid cancer tissues or normal thyroid tissues for additional 4 days, 
respectively. DCs generated from the PBMNs showed the typical morphology of DCs. Activated 
cytotoxic T lymphocytes (CTLs) were observed also. DCs and the CTLs were attached to the cancer 
tissues on scanning electron microscope. The DCs activated the CTLs, which able to specifically attack 
the thyroid cancer. This study provides morphologic evidence that the coculture of T cells/cancer tissues 
activated the T cells and differentiated CTLs. The CTLs tightly adhered to cancer tissues and lysed 
cancer tissues vigorously. Therefore DCs could be used as potential vaccines in the immunotherapy.
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INTRODUCTION

  Dendritic cells (DCs) are the most potent antigen pre-
senting cells and are unique in their ability to stimulate 
T cells and initiate adaptive immunity. Recently, progress 
in the understanding of DCs biology have been relatively 
slow and difficult because of the paucity of these cells in 
blood and other tissues [1]. A major advance has been made 
by the establishment of ex vivo culture systems, which per-
mits the induction of DCs from precursors [2]. Despite this 
progress the total number of DCs available for immuno-
therapy is still limited [3-6].
  There has long been the goal of cancer researchers to 
heighten the patient’s own immune response to their can-

cer, but to date the means to do this have remained elusive. 
Immunological elimination of tumors occurs primarily from 
the recognition of tumor antigens by CTLs capable of lysing 
cells that express that antigen. The signals that lead to 
T-cell activation are generated at the level of the immuno-
logical synapse, a specialized area of contact between T 
cells and antigen presenting cells (APCs) where adhesion 
molecules and T-cell receptors (TCRs) segregate into dis-
tinct supramolecular complexes [7,8]. At the synapse, the 
TCRs are sequentially triggered by peptide-MHC com-
plexes, a process that allows the signal to be sustained for 
as long as the synapse is in place [9,10].
  The current promising strategies seek to produce active 
immunity through the use of DCs [11-17]. They present not 
only an array of antigenic peptides needed to activate the 
appropriate antigen-specific T cells, but also produce potent 
costimulatory signals that drive quiescent T cells into the 
cell cycle and along the differentiation pathway, producing 
an expansion of effector cells [18].
  The author therefore hypothesized that the autologous 
DCs derived from PBMNs of thyroid cancer patients will 
present altered cancer antigen to T cells and the activated 
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Fig. 1. Phase contrast micrograph of freshly isolated PBMNs 
showing a homogenous population of equally sized and round cells. 
Original magnification ×400 (A). After 5 days of culture with 
medium containing GM-CSF, IL-4, TNF-α and FL, spindle-shape 
cells showed in the center. Original magnification ×400 (B). After 
8 days of culture with medium containing GM-CSF, IL-4, TNF-α
and FL, the cell with large-cell bodies and long dendritic 
projections was visible. Original magnification ×400 (C).

CTLs lyse only thyroid cancer tissues but not normal 
tissues. To test this hypothesis, The author established a 
PBMNs/lymphocytes coculture system that allowed me to 
demonstrate the influence of these cytokines and to eluci-
date the role of DCs in T-cells activation. Furthermore, The 
author obtained the scanning electon microscope that acti-
vated CTLs adhered and destoryed the cancer tissues, how-
ever, normal tissues were not attacted by the T cells.

METHODS

Materials

  Histopaque-1077 and trypsin-EDTA were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA), X-VIVO 20 me-
dium was purchased from Bio Whittaker (Walkersville, MD, 
USA). Mouse human-anti CD1a, CD3, CD4, CD8, CD56, 
CD83 and CD86 antibodies were purchased from Serotec 
(Raleigh, NC USA). Flt3-ligand (FL), GM-CSF (CSF2), IL-4 
and TNF-α were purchased from R&D systems (Minneapolis, 
MN, USA). Plastic tissue culture flasks were purchased 
from Corning (Corning, NY, USA). All other chemicals used 
in this study were the highest grade available. 

Purification of PBMNs from patients with thyroid cancer

  PBMNs were centrifuged by density gradient method us-
ing Ficoll-Hypaque (Histopaque). The leukocytes were 

washed twice with phosphate buffered saline (PBS), and 
resuspended in medium X-VIVO 20 for liquid culture at 
37oC in plastic tissue culture flasks.

Generation of DCs

  The purified PBMNs were adjusted to 1.5×105 cells/ml 
in X-VIVO 20 medium supplemented with 50 ng/ml of FL, 
50 ng/ml of GM-CSF, 25 ng/ml of IL-4 and 10 ng/ml of TNF-
α. The cells were incubated in 75 cm2 flasks in a humidified 
atmosphere of 5% CO2 at 37oC [19].
  On 5, 8, and 14 days of culture, total cell counts and via-
bility were assessed by hemocytometer counts of dilutions 
prepared in trypan blue solution. DCs were scored as the 
cells with veils and long projection cell bodies. 

Activation of T cells and coculture with normal and 
thyroid cancer tissues

  At day 15, DCs were incubated with T cells and lysates 
of the cancer tissues or normal tissues, respectively. At day 
18, intact cancer tissues were incubated with the autolo-
gous activated T cells for additional 4 days. The morphology 
of the cancer tissues and T cells were examined by scanning 
electron microscopy. 

Light microscopy for the tissues

  For the examination of tissue samples by light micro-



Anti-Tumor Specificity of T Cells 245

Fig. 3. The microscopic finding of non-neoplastic thyroid tissue 
culture after being formalin fixed paraffin embedded. This view 
shows dilated thyroid follicles. H-E stain. Original magnification 
×100.

Fig. 2. The cells with long cytoplasmic projections were visible at 
14 days of culture in medium containing GM-CSF, IL-4, TNF-α
and FL. Original magnification ×400.

Fig. 5. Scanning electron micrograph of a veiled cell. A veiled cell 
is attached to the papillary thyroid cancer tissue. Original 
magnification ×5,000.

Fig. 4. Round to oval cells are arranged in clusters, and acinar 
pattern with intersecting scanty amyloid deposits. Tumor cells 
contains uniform, round to oval nuclei with finely granular 
chromatin, and small and visible nucleoli. Cytoplasm is abundant 
eosinophilic. H-E stain. Original magnification ×400.

scopy, the tissues obtained from thyroid cancer patients 
were fixed with 10% formaldehyde and embedded in 
parpaffin. The thin sections were dried, deparpffinized, and 
dehydrated in a graded alcohol series. The samples were 
stained with Hematoxylin-Eosin. 

Immunofluorescence microscopy

  The generated DCs were stained with fluorescein iso-
thiocyanate (FITC)-conjugated murine monoclonal anti-
bodies for 15 minutes at 25oC. After washing with PBS, 
the cells were resuspended in PBS and 1% paraformalde-
hyde, and examined with Olympus Binocular Microscope 
(BX50F-3). The monoclonal antibodies used for this study 
were CD1a-FITC, CD83-FITC and CD86-FITC. 

Morphology of the DCs and T cells and scanning 
electron microscopy

  For the study of cocultures by scanning electron micro-
scopy, the cells and tissues were removed and fixed with 

4% paraformaldehyde/2.5% glutaraldehyde/0.02% picric acid 
in 0.1 M sodium cacodylate buffer (pH 7.3). After rinsing 
the cells with 0.06 M phosphate buffer, samples for scan-
ning electron microscopy were prepared and investigated 
using a DSM 940A (Carl Zeiss; Germany).

RESULTS

Generation of DCs

  The PBMNs were cultured in 75 cm2 flasks at a humidi-
fied atmosphere of 5% CO2 and 37oC. With these conditions, 
freshly isolated PBMNs showed a homogenous population 
of equally sized and round cells under the phase contrast 
micrograph (Fig. 1A). After 5 days of culture spindle-shape 
cells appeared in the flasks (Fig. 1B). Some adherent cell 



246 D.-H. Lee

Fig. 6. Scanning electron micrograph of a non-activated T cell. This 
view shows a T cell cultured with normal thyroid tissue. Original 
magnification ×5,000.

Fig. 7. Scanning electron micrograph of activated T cell. An 
activated T cell adheres to the papillary thyroid cancer tissue and
attacks the carcinoma tissue. Original magnification ×5,000.
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Fig. 8. Fluorescence micrograph of cultured DCs showing intense 
staining with the monoclonal antibodies for specific cell surface 
immunophenotype. DCs showed the positive FITC staining. (A) 
CD1a, (B) CD83, (C) CD86.

clusters with the speculated and elongated cytoplasmic pro-
jection were found on 8 days of culture (Fig. 1C). These 
cells were separated, and became motile, veiled and non-ad-
herent cells at 14 days of culture (Fig. 2). 

Morphology of thyroid tissues

  The microscopic findings of non-neoplastic thyroid tissues 
showed dilated thyroid follicles (Fig. 3). Papillary thyroid 
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carcinoma cells contains uniform, round to oval nuclei with 
finely granular chromatin, and small and visible nucleoli. 
Cytoplasm is abundant and eosinophilic (Fig. 4).

Characterization of matured DC, naive T cell, and cyto-
roxic T lymphocytes by scanning electron microscopy

  The mature DC directly contacted with thyroid cancer tis-
sues showed profuse pseudopods and ruffled veils (Fig. 5). 
The lymphocytes cocultured with normal thyroid tissues 
were not activated (Fig. 6). The lymphocytes cocultured 
with the thyroid cancer tissues were activated and showed 
profuse pseudopods interdigitating with papillary carcino-
ma tissues. The CTLs attacked the cancer tissues vigo-
rously (Fig. 7).

Immunofluorescence microscopy

  The cultured DCs expressed CD1a, CD83 and CD86 (Fig. 
8). 

DISCUSSION

  This paper describes the induction of DCs from PBMNs 
purified from the patients with thyroid cancer with an 
one-step process. In this study, DCs were established from 
the PBMNs of the thyroid cancer patients by culturing in 
the presence of FL, GM-CSF, IL-4 and TNF-α for 14 days. 
the DCs and autologous T cells were incubated with the 
lysates of the normal thyroid tissues or cancer tissues, re-
spectively for 3 days. At day 18, intact cancer tissues or 
normal thyroid tissues were incubated with autologous T 
cell, respectively.
  Under the scanning electron microscopy, the morpholo-
gies of mature dendritic cells, naive T cells, and CTLs were 
visualized. The differentiated DCs showed the typical mor-
phology of veiled cells with profuse and ruffled pseudopods. 
The size of cytotoxid T lymphocytes was twice as large as 
that of naive T cells. 
  This study provides morphologic evidence that the cocul-
ture of T cells/cancer tissues activated the T cells and differ-
entiated CTLs. The CTLs tightly adhered to cancer tissues 
and lysed cancer tissues vigorously. However normal tis-
sues were not attacked by the T cells. 
  Therefore DCs could be used as potential vaccines in the 
immunotherapy, which suggest efficient strategy for mini-
mal residual disease of cancer after chemotherapy or 
surgery.
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