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  Human tumors, including those of the hepatobiliary system, express a number of specific antigens 
that can be recognized by T cells, and may provide potential targets for cancer immunotherapy. 
Dendritic cells (DCs) are rare leucocytes that are uniquely potent in their ability to capture, process 
and present antigens to T cells. The ability to culture sufficient numbers of DCs from human bone 
marrow or blood progenitors has attracted a great deal of interest in their potential utilization in 
human tumor vaccination. CD34＋ peripheral blood stem cells (PBSCs) were obtained from a patient 
with a hepatocellular carcinoma. The PBSCs were cultured in the X-VIVO 20 medium supplemented 
with the Flt-3 Ligand (FL), GM-CSF, IL-4 and TNF-α for 12 days. The morphology and functions 
of the cells were examined. The generated cells had the typical morphology of DCs. When the DCs 
were reinjected into the same patient, an augmentation of the cytotoxic T lymphocyte (CTL) activity 
was observed. Concomitantly, an increase in the natural killer (NK) cell activity was also detected 
in the patient. These results suggest that DCs-based cancer immunotherapy may become an important 
treatment option for cancer patients in the future.
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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, there has 
been relatively slow progress in understanding the biology 
of DCs because of the paucity of these cells in the blood 
and other tissues [1]. A major advance has been made by 
the establishment of ex vivo culture systems, which allows 
the induction of DCs from precursors [2]. Despite this prog-
ress, the total number of DCs available for immunotherapy 
is still limited [3-6].
  It has long been the aim of cancer researchers to increase 
the patient's own immune response to their cancer, but to 
date the means to do this has remained elusive. The im-
munological elimination of tumors occurs primarily from 
the recognition of tumor-associated antigens, such as carci-
noembryonic antigen (CEA), by cytotoxic T lymphocytes 
(CTLs) capable of lysing cells that express that antigen. 
Cytokines from CD4＋ helper T cells are needed to activate 
CTLs, natural killer (NK) cells, antigen-presenting cells 
and other inflammatory cells at the tumor site [7-10].
  The current promising strategies seek to produce active 
immunity through the use of DCs [7-9,11-14]. DCs are rare 

leucocytes named for their distinctive stellate morphology 
and are regarded as the most potent antigen-presenting 
cells in vivo [15]. They present an array of antigenic pep-
tides needed to activate the appropriate antigen-specific T 
cells, and also produce potent costimulatory signals that 
drive quiescent T cells into the cell cycle and along the dif-
ferentiation pathway, producing an expansion of effector 
cells [16]. In addition, the recent finding that DCs can trig-
ger the function of NK cells directly [17] suggests that DCs 
are involved in the interaction between the innate and 
adaptive immune responses. Given these properties, DCs 
have attracted considerable attention as potential cellular 
adjuvants for the production of specific tumor vaccines.
  This paper describes a simplified and efficient method 
for preparing DCs from PBSCs for patients with a hep-
atocellular carcinoma.

METHODS 

Materials

  Histopaque-1077 and trypsin-EDTA were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). The X-VIVO 20 
medium was obtained from BioWhittaker (Walkersville, 
MD, USA). Mouse human-anti CD1a, CD3, CD4, CD8, 
CD56, CD83 and CD86 antibodies were supplied by Serotec 
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Fig. 1. Phase contrast micrograph of freshly isolated peripheral blood stem cells showing a homogenous population of equally sized and 
round cells. Original magnification ×200 (A). After 3 days of culture with the medium containing GM-CSF, IL-4, TNF-α and FL. 
Spindle-shape cells are shown in the center. Original magnification ×200 (B). After 3 days of culture with the medium. Original magnification
×100 (C). After 6 days of culture with medium containing GM-CSF, IL-4, TNF-α and FL, cells with large-cell bodies and long dendritic 
projections were visible. Original magnification ×400 (D). After 6 days of culture with medium. Original magnification ×400 (E).

(Raleigh, NC, USA). The Flt3-ligand (FL), GM-CSF (CSF2), 
IL-4 and TNF-α were acquired from R&D systems 
(Minneapolis, MN, USA). The plastic tissue culture flasks 
were purchased from Corning (Corning, NY, USA). All oth-
er chemicals used in this study were the highest grade 
available. 

PBSCs collection and processing 

  The PBSCs were obtained from a patient with a hep-
atocellular carcinoma. For PBSC mobilization, the patient 
received granulocyte colony stimulating factor (G-CSF, 
Leucostim, Dong-A Pharmaceutical Co., Korea) subcuta-
neously for three consecutive days at a dose of 3 μg/kg/day. 
Leukapheresis for PBSCs collection began on the 4th day 
of G-CSF administration. Collection was performed using 
a CS-3000 Plus (Baxter Inc., Deerfield, IL, USA) cell sepa-
rator with anticoagulant citrate dextrose formula A (ACD-A). 

Generation of DCs

  The PBSCs were centrifuged by a density gradient meth-
od using 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. The purified leukocytes 
were adjusted to 1.5×106/ml in X-VIVO 20 medium, And 
supplemented with 50 ng/ml of Flt-3 Ligand (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 atmos-
phere containing 5% CO2 at 37oC. 
  On days 3, 6 and 12 of culture, the total cell counts and 
viability were assessed by the hemocytometer counts of the 
dilutions prepared in a trypan blue solution. The DCs were 
scored as the cells with veils and long projection cell bodies. 

Immunofluorescence microscopy 

  The generated cells 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 using a Olympus Binocular Microscope 
(BX50F-3). The monoclonal antibodies used were CD1a-FITC, 
CD83-FITC and CD86-FITC. 

DCs vaccination and clinical evaluation

  The patient was treated intravenously with the DCs vac-
cine by mixing the components in 80 ml of normal saline. 
Constant monitoring was performed while administering 
the vaccine. No immediate or delayed adverse effects were 
observed. Four weeks after vaccination, the population of 
CD3, CD4, CD8 and CD56, the CD8：CD4 ratio and the 
activity of NK cells in the patient were evaluated at the 
department of clinical pathology.

RESULTS

Generation of DCs

  The mobilized PBSCs were cultured in 75 cm2 flasks at 
a humidified atmosphere containing 5% CO2 and 37oC. 
Under these conditions, the phase contrast micrograph of 
the freshly isolated PBSCs showed a homogenous pop-
ulation of equally sized and round cells (Fig. 1A). After 3 
days of culture, spindle-shape cells appeared in the flasks 
(Fig. 1B). Some adherent clustered cells with a speculated 
and elongated cytoplasmic projection were observed after 
6 days of culture (Fig. 1D). These cells were separated, and 
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Fig. 3. Fluorescence micrograph of cultured DCs showing intense 
staining with the monoclonal antibodies for the specific cell surface 
immunophenotype. DCs showed positive FITC staining. (A) CD1a, 
(B) CD83 and (C) CD86.

Fig. 2. Cells with long cytoplasmic projections were visible at 12 
days of culture in a medium containing GM-CSF, IL-4, TNF-α and 
FL. Original magnification ×400.

Table 1. Relative fractions of T and NK cells, and NK cells 
activity in the peripheral blood of a patient with a 
hepatocellular carcinoma before and after DCs therapy

Before DCs After DCs  
therapy therapy

CD3 (%) 43.5 49.0
CD4 (%) 28.2 27.7
CD8 (%) 16.2 22.0
CD8：CD4 0.57：1 0.79：1
CD56 (%) 14.8 12.4
Activity of NK cells (%) 15.7 28.9

The DCs vaccine was reinjected into the same patient. Augmen-
tation of CTLs activity was observed. Concomitantly, an 
increase in NK cells activity was also detected in the patient.

became motile, veiled and non-adherent cells at 12 days 
of culture (Fig. 2). The veiled cells were counted at 14 days 
under an optical microscope. The number of DCs increased 
up to 8×107 cells. 

Immunofluorescence microscopy

  The cultured DCs expressed CD1a, CD83 and CD86 (Fig. 3). 

DCs vaccination and clinical evaluation

  The immunostimulatory activities of the cultured cells 
were tested using a MLR assay. As shown in Table 1, aug-
mentation of the CTLs activity was observed with a con-
comitant increase in the NK cells activity in the patient.

DISCUSSION

This paper describes the induction of DCs from PBSCs 
purified from a patient with a hepatocellular carcinoma us-
ing a one-step process. This one-step process consisted of 
the extensive amplification of hematopoietic progenitors 
with the Flt-3 Ligand (FL), and the differentiation of the 
amplified cells with GM-CSF, IL-4 and TNF-α into func-
tional DCs. The DCs were reinjected into the same patient, 

and examined to determine if there was some augmentation 
of the cytotoxic T lymphocytes (CTLs) activity. The patient 
showed an increase in NK cells activity. 
  Ideally, the DCs used for vaccines should be CD83＋ with 
high levels of CD86 and HLA-DR expression, as well as 
strong mixed-lymphocyte response stimulatory activity [12].
  More study will be needed to determine if PBMCs or 
CD34＋ cells are the preferred source for DCs generation. 
  The advantage of this study was that a patient-specific 
vaccine can be generated by a patient-specific preparation 
of the mutated antigen because individual cancer patients 
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express unique antigens.
  DCs therapy after treatment with conventional anti-
cancer therapies, such as surgery and chemotherapy, will 
help eliminate the residual cancer cells completely. 
Therefore DCs-based anticancer therapy is most suitable 
in the setting of minimal residual disease.
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