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ABSTRACT 

Functional enhancement of dendritic cells  

by biological response modifiers in tumor immunity  

 

Yee Shin Choo  

 

Department of Medical Science  

The Graduate School, Yonsei University  

 

(Directed by Professor Si Young Song)  

 

 

Part I: Cancer vaccines using dendritic cells (DCs) have been shown to induce 

antitumor immunity and have recently been applied to non-immunogenic cancers, 

such as pancreatic cancer. In this study, DCs loaded with heat-treated tumor lysate 

(HTL-DC) were utilized as a vaccine in order to stimulate antitumor immunity in a 

murine pancreatic cancer model and compared them to DCs loaded with tumor lysate 

(TL-DC). The poorly immunogenic mouse ductal pancreatic cancer cell line PANC02 

with syngeneic mouse strain C57BL/6 was used as a model. Inducible heat shock 

proteins (HSPs) were significantly increased in HTL (HSP70 and HSP90). Tumor size 

measurements indicated that HTL-DC induced stronger tumor suppression than 

unpulsed DC or TL-DC (43% reduction in tumor volume compared to control group). 

T cell proliferation assay and IFNγ ELISPOT assay showed that T cell activation 
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increased in the following order: DC < TL-DC < HTL-DC. Furthermore, repeated 

HTL-DC vaccinations led to higher expansion of IFNγ-secreting T cells. Cytotoxicity 

assay revealed that HTL-DC were more efficient in priming PANC02-specific T cells. 

The present study identifies HTL as an effective source of tumor-associated antigens 

(TAAs) for pulsing DCs, and demonstrates that HTL-DC can generate a stronger and 

broader T cell response against fatal cancers, such as pancreatic cancer. 

Part II: Flt-3 ligand (FL), a hematopoietic growth factor, plays a pivotal role in 

development and activation of dendritic cells (DC), NK cells (NK), T cells, and B 

cells. Although some post-receptor signaling events of FL have been characterized, 

the role of FL on flt3 expressing peripheral blood monocyte is unclear. In the current 

study, the role of FL on cell growth and survival of peripheral blood monocytes was 

examined. It was elucidated that FL promoted dose-dependent monocyte cell growth 

and prevented spontaneous apoptosis of monocytes. FL induced ERK 

phosphorylation and a specific ERK inhibitor PD98059 completely inhibited the 

FL-mediated monocyte proliferation, while p38 MAPK, JNK, Akt were relatively not 

affected. In consideration of clinical importance, the yield of DC in vitro from 

adherent cells or purified CD14+ cells that are capable of proliferation after exposure 

to FL expanded beyond the number of starting monocytes. Thus, the use of FL might 

be an important method to generate larger number of DC. These results suggest that 

monocytes represent circulating precursors of DCs and could have important 

implications for the design of future immunotherapeutic strategies utilized DCs. 

Part III: Monocyte-derived dendritic cells (DCs) in clinical use for tumor 

immunotherapy are ideally generated with inclusion of proper maturation factor at the 
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end of the incubation. Single or binary combination of cytokines [CD40 ligand 

(CD40L), interferon (IFN) γ, tumor-necrosis factor (TNF) α] and toll-like receptor 

(TLR) ligands [monophosphoryl lipid A (MPL), polyriboinosinic: polyribocytidylic 

acid (polyI:C)] were compared with LPS. DCs stimulated with various combinations 

of cytokines and TLR ligands for 2 days were assessed by immunophenotyping, 

cytokine ELISA (IL-12p70 and IL-10), and allogeneic T cell proliferation assay. With 

the exception of single use of polyI:C, DCs stimulated with CD40L+IFNγ induced 

high levels of IL-12p70 secretion. High levels of IL-10 were induced by two 

TLR-mediated stimuli, polyI:C and MPL. When T cell responses compared in 

allogeneic mixed leukocyte reaction, DCs stimulated with IFNγ+polyI:C, 

CD40L+polyI:C, or polyI:C alone induced higher T cell proliferation than DCs 

stimulated with LPS. In the presence of IFNγ, IL-10 production of DCs were 

decreased. Thus, monocyte-derived DCs stimulated with IFNγ+polyI:C efficiently 

induced T cell proliferation by secreting IL-12p70 and increasing expression of CD83 

and CD86. From these results, a better understanding of DC maturation and the 

function of the differently matured DCs to induce immune responses will be 

considerably beneficial for developing DC-based immunotherapeutic strategies.  

 

 

 

Key words: dendritic cells; immunotherapy; heat-treated tumor lysate; pancreatic 

cancer; Flt-3 ligand; TLR ligands; inflammatory cytokines
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I. INTRODUCTION 

 

1. Dendritic cells pulsed with heat-treated tumor lysate in PANC02 model 

 

Pancreatic cancer is one of the most lethal cancers and is extremely resistant to 

standard therapies such as surgery, radiotherapy, and chemotherapy.1 Therefore, the 

advent of new approaches to improve patient survival is vital. 

Accumulated knowledge about tumor immunology has brought tumor 

immunotherapy to the forefront. The aim is to eradicate tumor cells by manipulating 

or mobilizing a patient’s immune system, resulting in long-term immunity and fewer 
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adverse effects than current treatments.2, 3 A novel approach to cancer vaccination is 

to exploit dendritic cells (DCs), which are specialized antigen-presenting cells (APCs) 

with incomparable ability to initiate primary immune responses, as ‘nature’s 

adjuvants’ to induce tumor-specific T cells.4, 5 Recently, DC vaccination trials have 

been performed with various protocols in several advanced cancers such as melanoma, 

renal cell cancer, prostate cancer, colon cancer, and others.4, 6, 7 

In utilizing DC vaccines to treat cancer, there are many choices regarding DC 

generation, antigen loading, injection route and schedule, and immune monitoring.8 In 

this study, it was focused on how to load the format of tumor-associated antigens 

(TAAs) to DCs, in order to generate DCs that are powerful enough to surmount tumor 

escape mechanisms in non-immunogenic cancers. Current vaccination strategies 

include polyvalent undefined vaccines [whole tumor cells, tumor lysate (TL), heat 

shock proteins (HSPs), whole tumor RNA] and antigen-defined vaccines (DNA, 

peptide, recombinant tumor proteins).4, 6 So far, TL is one of the best choices for the 

cancers where little information on TAAs is available. Use of TL allows the 

sensitization of T cells to multiple TAAs and for sustained antitumor responses.7, 9 

Here, it was incorporated that heat treatment induces stress proteins, chaperones of 

TAAs. The antitumor activity of HSPs has been elucidated through many studies. 

First, they are highly conserved molecules that are over-expressed at high 

temperatures. Second, they can chaperone antigenic peptides derived from tumors. 

Third, they can be internalized through their receptors (e.g., CD91, CD40), and 

respond to presented chaperoned peptide antigens on both MHC class I and II 

molecules (i.e. cross-presentation).10 Fourth, they can mediate DC maturation and 
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make APCs secrete cytokines and chemokines.11-15 Therefore, HSPs in TL may 

represent the entire antigenic repertoire and lead to polyclonal T cell responses. 

Through a synergistic effect of combining TL and HSPs, heat-treated tumor lysate 

(HTL) was developed. HTL is the lysate from heat-treated tumor cells (42℃) and 

consists of HSP-TAA complexes. In this study, HTL-pulsed DCs (HTL-DC) were 

compared with unpulsed DCs or TL-pulsed DCs (TL-DC) in the treatment of murine 

pancreatic cancer, PANC02, in a C57BL/6 mouse model. Several immunological 

parameters, such as tumor size, T cell proliferation, IFNγ secretion, and CTL response 

against the tumor, were assessed to describe the antitumor immune response. 

 

2. Flt-3 ligand effects on human monocyte-derived dendritic cells 

 

Flt-3 ligand (FL), a hematopoietic growth factor, is a specific ligand for a receptor 

tyrosine kinase Flt-3 (Flk-2, STK-1, CD135) and plays a key role in the 

hematopoiesis.16 Flt3 was reported to be expressed on hematopoietic stem cells and 

progenitors,17 leukemia-lymphoma cell lines,18 and monocytes.19 Major functions of 

FL on hematopoietic stem cells and granulocytic progenitors/monocytes precursors 

are well-studied20 and its action on DC generation in mice and human are well 

established.21,22,23 Additionally, both monocytes and DC are mobilized dramatically 

after intravenous injection of FL to human.24,25,26 In addition, recent data revealed 

anti-tumor activity of FL via its ability to increase the production of both DC and NK 

cells in vivo.27,28 These results suggest that FL acts primarily on myeloid DC 

precursors as well as monocytes in human. Thus FL has clinical use as a mobilizer of 
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stem cells, progenitor cells and DC into PB in autologous tranplantations of various 

malignant hematological disease as well as in cancer therapies.16,29 While the 

beneficial effects of FL on monocyte-derived DC had been documented,30 its role on 

monocytes and its underlying mechanism have not been studied thoroughly. 

 In the present experiments, the effects of FL on monocyte proliferation and survival 

were examined. Monocytes express the Flt3 receptor17 and represent one of the most 

abundant cell populations in the PB and an easily accessible source for generation of 

DC.29,31 Since signaling pathways that mediate the survival, proliferation, and 

differentiation of cells include mitogen-activated protein kinase (MAPK) and PI3K 

pathways,32,33 major MAPK signaling cascades, ERK, p38 MAPK, and JNK and the 

downstream of PI3K, Akt were examined. 

 

3. Effects of CD40L, IFNγ, MPL, polyI:C, and TNFα alone or in 

combination on the activation of human monocyte-derived dendritic cells 

 

Dendritic cells (DCs) are the most potent antigen presenting cells (APCs) which 

specialize in processing and presenting antigens to induce immunity.34 Owing to their 

unique abilities to initiate and control immune responses, DCs have been under 

intensive investigation in cancer immunotherapy approaches. In the study of 

DC-based tumor immunotherapy, it is also focused on how DCs can overcome the 

immune escape mechanisms of tumor, for example, secretion of immunosuppressive 

cytokines, suppression or defect of immune cells, and so forth.35,36  

Immature DCs mainly function as antigen-capturing cells, whereas mature DCs 
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mainly function as APCs.34 One of concerns about generating potent, mature DCs is 

stimulating DCs to express more costimulatory molecules and release more 

proinflammatory cytokine such as IL-12p70 during DC preparation that can lead to 

Th1 response. Maturation of DCs can be induced by pathogen-derived products 

[Toll-like receptor (TLR) ligands; LPS, double-stranded RNA, CpG DNA], 

pro-inflammatory cytokines (IL-1β, IL-6, TNFα), and T cell-derived stimulation 

(CD40 ligand; CD40L).37,38,39 To date, LPS is a potent DC maturation factor as a 

danger signal but not available as a clinical preparation for in vitro maturation of DC. 

This is mainly because LPS is one of the main factors of septic shock syndrome in 

humans.  

In this study, the immune stimulatory effects of single or combinatorial use of 

inflammatory cytokines and TLR ligands on human monocyte-derived DCs were 

explored. The cytokines/TLR ligands used in this experiment were CD40L, IFNγ, 
monophosphoryl lipid A (MPL), polyriboinosinic: polyribocytidylic acid (poly[I]: 

poly[C]; polyI:C), and TNFα. They have been reported to be helpful for improving 

both of DC maturation and function but insufficient to use solely.    

The aim of this study was to define the optimal combinations of cytokines and TLR 

ligands for DC maturation and function which can be clinically applicable instead of 

LPS. Their maturation (up-regulation of surface molecules), cytokine secretion 

(IL-12p70 and IL-10), and their ability to induce T cell proliferation were assessed.  
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II. MATERIALS AND METHODS 

 

1. Dendritic cells pulsed with heat-treated tumor lysate in PANC02 model 

 

A. Animals and cell lines 

Six to ten week old female C57BL/6 mice were purchased from BioLink (Seoul, 

Korea), and housed in a specific pathogen-free facility in Yonsei University College 

of Medicine. The facility was approved by the Association for Assessment and 

Accreditation of Laboratory Animal Care International, and all procedures were 

carried out in accordance to the Guidelines and Regulations for Use and Care of 

Animals in Yonsei University. PANC02 (purchased from NCI DCTDC Tumor 

Repository, Frederick, MD) and B16F10 (purchased from American Type Culture 

Collection, Rockville, MD) cells were cultured in RPMI1640 (Invitrogen Life 

Technologies, Carlsbad, CA) supplemented with 10% FBS (HyClone, Logan, Utah) 

and 1% antibiotic-antimycotic solution (Invitrogen Life Technologies) at 37℃ in a 

5% CO2 atmosphere.  

 

B. Generation and characterization of TL-DC and HTL-DC  

 

(A) Murine DC preparation  

Mouse DCs were prepared as follows.40 Briefly, bone marrow cells flushed from 

mouse tibia and femur were isolated by Ficoll-Hypaque (Amersham Biosciences, 

Buckinghamshire, UK) density gradient separation. Cells were cultured in RPMI1640 
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complete medium in the presence of 1000 U/ml recombinant GM-CSF (BD 

Biosciences, San Diego, CA), 500 U/ml recombinant IL-4 (BD Biosciences), and 

1ng/ml  recombinant flt3-ligand (R&D Systems, Minneapolis, MN). On day 6, 

suspending cells and loosely adherent cells were collected, then the cells were 

incubated with a lysate mixture for 4 hours at 37℃ under 5% CO2. Before adding to 

DCs, the mixture, HTL (100 µg/ml) plus KLH (50 µg/ml; Sigma, St. Louis, MO) or 

TL plus KLH, was placed at room temperature for 20 minutes. Pulsing was stopped 

by changing the medium. Subsequently, pulsed or unpulsed DCs were fully activated 

with 100 ng/ml LPS (Sigma) for 24-36 h. 

 

(B) Preparation of TL and HTL 

Tumor cell lysate was prepared following a previously published method.41 Briefly, 

PANC02 cell suspensions in serum-free medium were disrupted by four freeze-thaw 

cycles. Large particles were removed by centrifugation (10 minutes, 300×g), and the 

supernatants were passed through a 0.2-µm filter. The protein content of the lysate 

was determined and aliquots were stored at –80°C. Lysates were tested for endotoxin 

contamination with the Limulus amoebocyte lysate assay according to the 

manufacturer’s instructions (Charles River Endosafe, Charleston, SC) and were found 

to be negative (endotoxin content < 0.01 EU/µg protein). For induction of HTL, cells 

were heat-treated for 2 hours at 42℃. They were maintained for an additional 24 

hours at 37℃ in a 5% CO2 incubator prior to detachment. 
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(C) Western blot analysis  

Samples of TL and HTL were run on 10% SDS-PAGE gels. HSP was detected using 

the anti-HSP70 (inducible form), anti-HSC70 (constitutive form), and anti-HSP90 

antibodies (StressGen Biotechnologies, Victoria, Canada), followed by horseradish 

peroxidase (HRP)-conjugated anti-mouse or anti-rabbit IgG (SantaCruz 

Biotechnology Inc., Santa Cruz, CA). Specific bands were developed using enzymatic 

chemiluminescence (ECL) kit (Amersham Biosciences). 

 

(D) Flow cytometric analysis 

Dendritic cells (2 × 105 cells) were suspended in PBS containing 1% BSA and were 

stained with various fluorochrome-conjugated monoclonal antibodies (mAbs) for 20 

min on ice. The following anti-mouse mAbs and isotype-matched controls were used: 

anti-MHC class II (IAIE), anti-CD40 and anti-CD86 (BD Biosciences). Flow 

cytometric analysis was performed using FACSCaliber (BD Biosciences) equipped 

with CellQuest Software. 

  

C. Functional assay of TL-DC and HTL-DC in vitro  

 

(A) T-lymphocyte preparation 

 T cells were isolated by passing cells from mouse spleen through a Cell Strainer (BD 

Biosciences). The red blood cells were removed by Ficoll-Hypaque density gradient 

separation. Splenic T cells were 60-80% pure as determined by flow cytometry.  
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(B) T cell proliferation assay  

DCs (unpulsed DC, TL-DC, or HTL-DC; 5×103) were co-cultured with T cells 

(splenocytes; 2×105) in a U-bottomed 96-well tissue culture plate for 96 hours at 37℃. 

DNA synthesis was measured by incorporation of [3H]thymidine ([3H]TdR; 0.5 

µCi/well, Amersham Biosciences) added during the last 16 hours of the culture period. 

Cells were harvested with a 96 cell harvester (LKB Wallac, Turku, Finland) and 

incorporation of [3H]TdR (cpm) was determined using a Microbeta 1450 Trilux liquid 

scintillation counter (LKB). 

 

(C) IFNγ ELISPOT assay 

 Splenocytes were isolated on day 7 (1 week after 1st immunization) or day 14 (1 

week after 2nd immunization) from PANC02-bearing mice, who had been injected 

with unpulsed DC, TL-DC, or HTL-DC, respectively. The frequency of in vivo 

activated effector T cells reactive to TAAs in the spleen was measured by performing 

IFNγ ELISPOT assays according to the manufacturer’s guidelines (BD Biosciences). 

The results were enumerated by automatically using an AID Elispot Reader System 

and supporting AID Elispot Software (Autoimmun Diagnostika, Strassberg, 

Germany).  

 

(D) Cytotoxicity assay 

 A cytotoxicity assay was conducted using non-radioactive lactate dehydrogenase 

(LDH) release. Splenocytes were prepared from 2nd-immunized mice or from 

PANC02-bearing mice, following in vitro stimulation by unpulsed DC, TL-DC, or 
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HTL-DC. Various amounts of effector cells (splenic T cells) were incubated with 

target cells (PANC02 or B16F10 cells, 5×103) for 4 hours at 37℃ in a 5% CO2 

incubator. Cell-free supernatant was colleted and analyzed by a cytotoxicity detection 

kit (Roche, Mannheim, Germany). LDH release levels were quantified according to 

the manufacturer’s instructions. Spontaneous release and maximum release were 

determined by incubating target cells without effector cells in medium alone or in 5% 

Triton X-100, respectively. The percent cytotoxicity was calculated as follows: 

(experimental release - spontaneous release)/(maximum release – spontaneous 

release) × 100. Experiments were conducted in triplicate and repeated at least twice. 

 

D. Inhibition of tumor growth in vivo 

Mice were injected subcutaneously (s.c.) in the right flank with PANC02 (2×106 

/100 µl PBS) 18 days before day 0. PBS, unpulsed DC, TL-DC, or HTL-DC (4×105 

/100 µl PBS) was injected s.c. into the left flank of PANC02-bearing mice (5 mice per 

group) on day 0 (1st immunization), 7 (2nd immunization), and 15 (3rd 

immunization). Tumor growth, using a caliper, was assessed every 3 days until day 30. 

The mean tumor volume was calculated as follows: length × width2 × 0.5 (mm3). 

  

E. Statistics  

One-way ANOVA was applied to identify significant differences. A value of p < 0.05 

was considered statistically significant. All computations were performed with 

Statistical Package for Social Sciences, version 11.0 (SPSS Inc., Chicago, IL). 
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2. Flt-3 ligand effects on human monocyte-derived dendritic cells 

 

A. Media and chemicals 

The medium used in this study was RPMI-1640 supplemented with 10% 

heat-inactivated fetal bovine serum (FBS), L-glutamine, penicillin/streptomycin (all 

obtained from Gibco BRL Life Technologies). FL was purchased from Peprotech 

(Rocky Hill, NJ) and 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide 

(MTT) was purchased from Sigma. Wortmannin and PD98059 were obtained from 

Calbiochem (Darmstadt, Germany).  

 

B. Isolation and culture of monocytes    

Buffy coats were obtained from healthy volunteer donors according to institutional 

guidelines. Peripheral blood mononuclear cells (PBMC) were obtained from buffy 

coat preparations from healthy donors by density-gradient centrifugation on 

Ficoll–Paque (Amersham Bioscience). PBMCs (5×107 cells) were incubated in 10 ml 

of RPMI 1640 medium supplemented with 10% heat-inactivated FBS, 2 mM 

L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin (all media and 

supplements were from Gibco-BRL) and incubated for 1 h at 37°C. Non-adherent 

cells were removed by extensive washing and the remaining adherent cells were 

recovered by scraping. The mean purity of purified CD14+ cells was routinely above 

80%. Cells were subsequently cultured in 6-well plates (3×106 cells/well) in 3 ml of 

RPMI 1640 culture medium.  
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C. Cell proliferation assay 

MTT assay performed to determine survival fractions according to the method 

described. The cells were plated at 5×103 cells per well in a 96-well plate. After 

addition of the various concentrations of FL, the cells were incubated for 96h, and the 

cell viability of FL was then measured by MTT assay. MTT was dissolved at a 

concentration of 5 mg/mL in sterile PBS and filter sterilized. The plate was 

centrifuged at 1500 rpm and the supernatant were gently removed. 50 µl of MTT 

stock solution was added to each well to be analyzed and incubated for 4h at 37℃, at 

which point 100 µl of DMSO was added to each well to dissolve formazan produced. 

Optical density was read at 570nm. 

 

D. Apoptosis by flow cytometry  

For quantification of cells undergoing early programmed cell death, an Annexin 

V-propidium iodide (PI) apoptosis detection kit (BD Biosciences) was utilized. The 

cells were washed once in PBS and resuspended in the binding buffer provided. 

Annexin V (FITC-conjugated) and PI were added and incubated for 15 min at room 

temperature in the dark. Immediate flow cytometric analysis was performed using a 

FACSCaliber Flow Cytometer (BD Biosciences) and WinMDA 2.8 software (Scripps 

Research Institute). The monocyte population was selected by forward (FSC) and side 

scatter (SSC).  

 

E. Western blot analysis 

After treatment with wortmannin (50 nM) or PD98059 (1 - 50 µM) for 30min, cells 
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were washed twice with cold PBS and incubated with lysis buffer (50 mM Tris–HCl, 

1% Triton X-100, 150 mM NaCl, 10% glycerol, 2 mM EDTA, 2 mM EGTA, 40 mM 

glycerophosphate, 50 mM NaF, 10 mM sodium pyrophosphate, 200 µM Na3VO4, 0.3 

mM leupeptin, 1 mM pepstatin A, and 1 mM PMSF, pH 7.4) on ice. The homogenates 

were centrifuged at 15000 rpm. for 30 min at 4°C. Cell lysates were run on 12% 

SDS-PAGE gels and transferred to nitrocellulose membranes for Western blot 

analysis. After blocking with 5% fat-free dried milk for 1 h at room temperature, 

membranes were incubated with antibodies specific for phosphorylated form of ERK, 

p38 MAPK, JNK, Akt (Cell Signaling, Beverly, MA). The membranes were washed 

and incubated with HRP-conjugated goat anti-rabbit IgG (SantaCruz Biotechnology 

Inc.) for 60 min. Immunoreactive bands were visualized by ECL detection reagent 

(Amersham Bioscience). After stripping, the membranes were re-probed with either 

anti-ERK, Akt (SantaCruz Biotechnology Inc.), JNK antibody (Cell Signaling) as 

loading controls.  

 

 

 

3. Effects of CD40L, IFNγ, MPL, polyI:C, TNFα alone or in combination 

on the activation of human monocyte-derived dendritic cells 

 

A. Generation of human monocyte-derived dendritic cells 

Buffy coat was drawn from healthy donors under informed consent from 

institutional guidelines. Peripheral blood mononuclear cells (PBMC) were isolated by 
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density gradient centrifugation with Ficoll-Paque (Amersham Bioscience) and CD14+ 

cells were purified using antibody-coated magnetic beads (Miltenyi Biotec, Auburn, 

CA). CD14+ cells were cultured in the medium supplemented with 500 U/ml rhIL-4 

(BD Biosciences) and 250 ng/ml rhGM-CSF (LG biotech, Daejun, Korea) for 6 days 

at 37°C in a 5% CO2 atmosphere. The medium used was RPMI 1640 (Invitrogen Life 

Technologies) with 10% FBS (HyClone), 1% antibiotic-antimycotic solution 

(Invitrogen Life Technologies), and 50 µM β-mercaptoethanol (Sigma-Aldrich). The 

cytokines were added to DCs at days 0, 2, or 4. On day 6, non-adherent cells were 

transferred to 6-well plates and incubated with 250 ng/ml CD40L (Peprotech), 1000 

U/ml IFNγ (Peprotech), 500 ng/ml MPL (Sigma-Aldrich), 20 µg/ml polyI:C 

(Sigma-Aldrich), and 2000 U/ml TNFα (BD Biosciences) alone or in combination for 

additional 2 days. For the positive control of DC maturation, 500 ng/ml of LPS 

(Sigma-Aldrich) was used. On day 8, supernatants were collected for ELISA and DCs 

were collected for analyzing expression of various cell surface markers and T cell 

proliferation activity.  

 

B. Flow cytometric analysis 

 Dendritic cells (4×105 cells) were suspended in PBS containing 1% FBS and were 

stained with various fluorochrome-conjugated monoclonal antibodies (mAbs) for 20 

min on ice and in the dark. The following anti-human mAbs and isotype-matched 

controls were used: anti-CD83, anti-HLA-DR, and anti-CD86 (BD Biosciences). 

Flow cytometric analysis was performed using FACSCaliber (BD Biosciences). 
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C. Mixed leukocyte reaction (MLR) 

Various amounts of irradiated (3000rads) DCs were incubated with allogeneic 

PBMCs (2 × 106 cells/ml) at a DC:T ratio from 1:20 to 1:1280. Phytohemagglutinin 

(1 µg/ml) alone was added to PBMCs as a positive control. Flat-bottomed 96-well 

microtiter plate was incubated for 5 days in a 37℃/5% CO2. At 16-18 h prior to 

harvesting, 0.5 µCi of [3H]TdR (Amersham Biosciences) was added to each well. 

Cells were harvested onto glass fiber filtermats (LKB Wallac, Turku, Finland) using a 

96 cell harvester (LKB Wallac) and incorporation of [3H]TdR (cpm) was determined 

using a Microbeta 1450 Trilux liquid scintillation counter (LKB Wallac). 

 

D. ELISA 

Human IL-12p70 and IL-10 in cell culture supernatants were detected using 

OptEIA ELISA Kits (BD Biosciences) following the manufacturer's instructions. 

Polystyrene 96-well flat-bottom EIA/RIA plates (Corning, Corning, NY) were coated 

with anti-IL-12p70 or anti-IL-10 capture antibodies (BD Biosciences) overnight at 

4°C. Plates were washed with PBS/0.05% Tween20 and blocked for 2 h with 100 µl 

PBS/5% FBS. Samples were added to the plate at 100 µl per well. A standard curve 

was generated using serial dilutions of recombinant IL-12p70 or IL-10 (BD 

Biosciences) at a top dilution of 7.8 ng/mL. Captured cytokine was detected using the 

appropriate biotinylated detection antibodies/strepavidin-HRP conjugate for IL-12p70 

or IL-10 (BD Biosciences). Finally, TMB (BD Biosciences) was used as a substrate 

and color development was stopped by the addition of 2N H2SO4. Plates were read for 

optical density at 450 nm within 30min with λ correction 570 nm.  
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III. RESULTS  

 

1. Dendritic cells pulsed with heat-treated tumor lysate in PANC02 model 

 

A. HTL contained high levels of HSPs that induced stronger T cell proliferation 

via DC 

To verify the expression of HSPs from heat-treatment of PANC02 cells, TL and HTL 

were subjected to immunoblot analysis. Expression of inducible HSP70 and HSP90 

was dramatically increased in HTL, while expression of the constitutive form of 

HSP70 remained constant (Fig. 1A). These results indicate that HTL of PANC02 

contains inducible HSP families that may have a pivotal role in augmenting tumor 

antigenecity. Among HSP families, HSP70, HSP90, and gp96 have been shown to 

elicit antitumor immunity.12, 42 Unlike other inducible HSPs, up-regulation of gp96 

was not detected (data not shown). This suggests that HSP expression regulation may 

differ depending on cell types, or alternatively, that expression kinetics of each HSP 

may differ from each other at a given time point.  

In order to assess APC function of TL-DC or HTL-DC, an in vitro T cell 

proliferation assay was performed utilizing responder splenocytes from naïve 

syngeneic mice. As shown in Fig. 1B, HTL-DC induced 2-fold higher proliferation of 

splenocytes than that of control unpulsed DC (p<0.05). T cell proliferation by TL-DC 

was 1.5-fold higher than that of control (p=0.06). At equal stimulator/responder ratios 

(1:40), it was consistently observed that HTL-DC were more efficient than unpulsed 

DC or TL-DC to stimulate syngeneic T cells. 
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B. HTL-DC inhibited tumor growth in vivo 

Next, the ability of HTL-DC to elicit antitumor immunity in vivo was assessed. 

C57BL/6 mice were inoculated s.c. with PANC02 cells in the right flank at -18 day. 

At day 0, 7, and 15, mice were immunized s.c. with PBS, unpulsed DC, TL-DC, or 

HTL-DC in the left flank (5 mice per group). As shown in Fig. 2, the group treated 

with HTL-DC had significantly smaller tumors. Thirty days after the first DC 

injection, the control group manifested the largest tumors, with a mean volume of 

369.4 ± 81.5 mm3. Unpulsed DC, TL-DC, and HTL-DC groups had mean volumes of 

325.8 ± 54.0 (approximately 12% tumor growth inhibition), 272.7 ± 75.0 (26% 

inhibition), and 206.0 ± 60.9 mm3 (43% inhibition), respectively. The results 

demonstrated that vaccination with HTL-DC decelerates tumor progression and 

induces noteworthy antitumor immunity compared with non-immunized mice (p<0.01 

on day 21, 24, 27, and 30). In addition, treatment with TL-DC also suppress tumor 

growth compared to non-immunized mice (p<0.05 on day 21, 24, 27, and 30). 

Treatment with unpulsed DC also produces a small and less pronounced inhibition of 

tumor growth. 
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Figure 1. HSP induction by heat treatment and syngeneic T cell proliferation induced 

by HTL-DC. (A) Cell lysates (20 µg protein) were run on 10% SDS-PAGE gel and 

subjected to immunoblot with mAb specific for HSP70, HSC70, HSP90, and 

β-actin. (B) Splenic T cells were co-cultured with unpulsed DC, TL-DC, or HTL-DC 

for 96 hours. T cell proliferation at the DC : T cell ratio of 1:40 was determined by 

[3H]TdR incorporation. Results are presented as the mean [3H]TdR incorporation 

(cpm) ± SEM of the three independent experiments. * p<0.05 when compared with 

that of unpulsed DC. (C) IFNγ secretion by naïve T cell activated by DC in vitro. 

Splenic T cells were co-cultured with immature DC, unpulsed DC, TL-DC, or 

HTL-DC for 96 hours. Then these T cells (5×104) were added to wells pre-coated 

with anti-IFNγ capture antibody and cultured for 72 hours. The samples of 

spot-containing wells are shown.  
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Figure 2.  Immunotherapy of established mouse pancreatic cancer, PANC02, with 

HTL-DC. Mice were inoculated s.c. with 2 × 106 PANC02 cells in the right flank. 

Eighteen days later, mice with tumor at least 4-5 mm in diameter were recruited for 

immunization. PBS or 4 × 105 cells of unpulsed DC, TL-DC, or HTL-DC were 

injected s.c. in the left flank of PANC02-bearing mice on days 0, 7, and 15. The 

inhibition of tumor growth was measured by caliper every three days until day 30, 

and the mean tumor volume was calculated. Each point represents the mean ± SEM 

(bars; n=5). The data presented is representative of three experiments. *p<0.01 when 

compared with that of PBS group; ** p<0.05 when compared with that of PBS group. 
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C. HTL-DC primed splenocytes to secrete IFNγγγγ efficiently 

To date, there is no specific correlative assay that predicts in vivo tumor rejection 

responses. Nevertheless, an experimental evidence shows that T cell responses to 

TAAs, via IFNγ release, appear to be associated with conditions that favor tumor 

regression.43 Therefore, the IFNγ ELISPOT assay was found to be a useful 

quantitative assay for this purpose, and used to quantify the effects of vaccination 

with HTL-DC (Fig. 3). Briefly, splenic T cells were prepared from the spleen of 

immunized mice (with PBS, unpulsed DC, TL-DC, or HTL-DC) on day 7 (1 week 

after 1st immunization; Fig. 3A) or day 14 (1 week after 2nd immunization; Fig. 3B). 

The frequency of in vivo activated effector T cells by inoculated DCs in the spleen 

was measured by performing the IFNγ ELISPOT assay. The number of 

IFNγ-producing cells (per 5×104 splenocytes) from HTL-DC immunized mice was 

2.5-fold higher by single immunization (p<0.001) and 1.5 fold higher by 2nd 

immunization (p<0.001), than that of TL-DC immunized mice. Control (PBS-treated 

mice) and unpulsed DC administered mice had less than 20 spots (per 5×104 

splenocytes) on average. IFNγ secretion after the 2nd immunization was 

approximately two times greater than after the 1st immunization in all immunized 

groups. These results suggest that HTL-DC elicited antitumor immunity by enhancing 

IFNγ-secreting, tumor-specific effector T cells. Furthermore, this antitumor activity 

was magnified when DC vaccination was administered repeatedly, therefore implying 

occurrence of the second immune response. 
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D. HTL-DC induced stronger cytotoxic T cell responses against PANC02 cells 

Cytotoxicity of HTL-DC-induced CTL was analyzed in vitro. Splenic T cells from 

PANC02-bearing and 2nd-immunized mice lysed PANC02 cells in vitro at an effector 

to target (E:T) ratio of 50:1, showed 20% cytotoxicity for HTL-DC compared to 8% 

for TL-DC (p<0.05) and 2% for unpulsed DC (p<0.01) (Fig. 4A). This result shows 

that splenic T cells of HTL-DC immunized mice included more antigen-specific 

CTLs than the other groups.  

It was also observed that potent CTL can be induced by co-culture of HTL-DC in 

vitro. Splenic T cells obtained from tumor-bearing mice were primed in vitro by 

unpulsed DC, TL-DC, or HTL-DC for 1 week. The resulting effector cells were 

evaluated for cytolytic activity against PANC02 target cells at the E:T ratios indicated 

(Fig. 4B). At an E:T ratio of 50:1, HTL-DC induced a 2-fold increase of CTL activity 

compared with TL-DC (p<0.05), and a 4-fold increase compared with unpulsed DC 

(p<0.01). These results demonstrate that HTL-DC induced more potent CTL activity 

against PANC02 tumor cells compared to unpulsed DC or TL-DC. 
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Figure 3. Detection of IFNγ-secreting T cells using ELISPOT assay. Splenic T cells 

(5×104), prepared from spleen of the 1st–immunized mice at day 7 (A) or 

2nd-immunized mice at day 14 (B), were added to wells pre-coated with anti-IFNγ 

capture antibody and cultured for 72 hours. Columns represent means of counted 

spots per well, with error bars as SEM (upper panels). Spots were automatically 

enumerated by AID Elispot Reader System. Triplicate samples of spot-containing 

wells are shown below each corresponding vaccine (lower panels). The data 

presented is representative of three experiments. *p<0.001 when compared with that 

of other groups; **p<0.01 when compared with that of PBS and unpulsed DC group; 

*** p<0.001 when compared with that of PBS and unpulsed DC group.  
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Figure 4. Cytotoxicity assay of splenic T cells primed by unpulsed DC, TL-DC, or 

HTL-DC in vivo and in vitro. (A) Splenic T cells were collected from 

PANC02-bearing mice immunized with PBS, unpulsed DC, TL-DC, or HTL-DC, 

respectively. Cytotoxicity against PANC02 cells was performed at an E:T ratio of 

50:1. (B) Splenic T cells obtained from PANC02-bearing mice were primed in vitro 

with DC, TL-DC, or HTL-DC for 1 week. The resulting effector cells were evaluated 

for cytolytic activity against PANC02 target cells at the E:T ratios indicated. The 

cytotoxicity data presented is representative of three experiments. *p<0.01 when 

compared with that of unpulsed DC and PBS groups; **p<0.05 when compared with 

that of TL-DC group; ***p<0.05 when compared with that of other groups. 
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2. Flt-3 ligand effects on human monocytes  

  

A. FL induces proliferation of human peripheral blood monocytes  

First, the growth promoting activities of FL and other hematopoietic growth factors 

on human peripheral blood monocytes were evaluated. The adherent fraction of 

PBMC was cultured in the presence of FL, thrombopoietin (TPO), stem cell factor 

(SCF) alone or in combination of these cytokines. As shown in Fig. 5A, FL 

significantly enhanced the cell growth by itself and the addition of other growth factor 

had little effect on cell proliferation. This cellular proliferation was alternatively 

confirmed by [3H]-TdR uptake (Fig. 5B). Little or no donor-to-donor variability was 

observed in these assays. The effect of graded doses of FL (0 - 100 ng/ml) was also 

tested on cell growth of adherent cells from buffy-coats of healthy donors by direct 

cell enumeration (Fig. 5B) and MTT assay (Fig. 5C). FL, at a concentration of 50 

ng/ml induced the maximal expansion of adherent cells in all donors examined and at 

higher dose failed to support monocyte proliferation. It was revealed that 50 ng/ml of 

FL was responsible for a mean increase of 30% in the number of monocytes (p < 

0.001) (Fig. 5C).  

 

B. FL protects monocytes from spontaneous cell death 

As the reported yields of monocyte-derived dendritic cells were always lower than 

50% of the inoculated cell number,44,45 the initial studies focused on analysis of 

monocyte apoptosis and viability in the presence of FL. Culturing either adherent 

fraction of PBMC or purified CD14+ cells for 3 days at medium containing 1% FBS 
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induced to a substantial apoptosis shown by Annexin V / PI staining. As shown in Fig. 

6, the mean of apoptotic cells at low serum condition was 21%, ranging between 12% 

and 27%, whereas monocytes cultured at 10% FBS condition exhibited less than 17% 

apoptosis. The addition of FL to 1% FBS medium reduced the level of apoptosis to 

the 10% FBS condition indicating that FL counteracts the signals leading to 

spontaneous cell death when cultured in medium in the absence of an appropriate 

stimulus. Thus, FL rescues monocytes from spontaneous apoptosis during culture and 

stimulates them to proliferate. 

 

 



 ２６ 

 

 

Figure 5. Proliferation of peripheral blood monocytes by FL. Monocyte proliferation 

in the presence of three major hematopoietic growth factors (FL, TPO and SCF), 

alone or in combinations, were measured. The cytokine concentrations were fixed at 

10 ng/ml each. Either adherent PBMC (5×104 cells/well) were cultured with the 

indicated cytokine combinations for 3 days and enumerated with hemocytometer (A) 

or [3H]TdR incorporation (B). (C) Optimal concentration of FL for adherent PBMC 

proliferation was determined by MTT assay. OD570 is expressed as the mean ± 

SEM of triplicates. (D) Optimal concentration of FL for adherent PBMC proliferation 

was determined by as cell enumeration. 
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Figure 6. Monocytes rescued from spontaneous cell death by FL. Analysis of one 

representative experiment out of three is shown for annexin V and propidium iodide 

(PI) staining after 3-day culture of monocytes at 10% FBS and 1% FBS.  
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C. FL utilizes ERK pathway  

 In order to assess intracellular signaling pathways that are activated by FL in 

monocytes, activation of ERK, p38 MAPK, JNK and Akt was examined (Fig. 7). 

After human adherant cells stimulated with 100 ng/mL of FL for 1, 5, 10, 30 and 60 

min, cell lysates (20 µg protein) were prepared and subjected to 12% SDS-PAGE and 

immunoblotted. When monocytes were stimulated by FL, ERK were rapidly 

phosphorylated in a time-dependent manner. The peak of p42/p44 ERK was observed 

at 5 min and started to decline thereafter. While p38 phosphorylation was also 

affected by FL as slight increase within 1 min of FL treatment, the basal level of 

phosphorylated form of p38 was relatively high and the elevation by FL was 

sustained even after 60 min. In contrast, there was no detectable induction of pJNK 

and pAkt in response to FL above the basal level. Taken together, these results 

suggest that FL activated monocytes mainly through p42/p44 ERK pathway. 

To verify whether MEK cascade delivers the growth promoting and/or survival 

signal of FL, the effects of MAPK inhibitors were examined in the presence of FL. 

PD98059 inhibited the FL-induced cellular survival and proliferation (Fig. 8A) and 

completely inhibited the phosphorylation of pERK (Fig. 8B), whereas wortmannin 

(PI3K inhibitor) did not affect the growth or survival. Thus, these data indicate that 

FL mainly recruits pERK for signal transduction and possibly p38, while Akt and 

JNK are not modulated by FL. 
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Figure 7. Expression of pERK by FL for monocyte proliferation. Time course analysis 

of FL-induced phosphorylation of ERK, p38, JNK, and Akt was performed with 

adherent fractions of PBMC. Cells were stimulated with 100 ng/mL of FL for 1, 5, 10, 

30, and 60 min. Cell lysates, then, were run on 12% SDS-PAGE and subjected to 

immunoblot with andibodies specific for pERK/total ERK, pAkt/total Akt, pJNK/total 

JNK, and pP38/total p38. 
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Figure 8. Inhibition of FL-induced proliferation of monocyte-enriched fractions by a 

MEK inhibitor, PD98059 (PD). Cells were pretreated with 10 µM of PD98059 or 

wortmannin (wort) for 30 min and proliferation response to FL (100ng/mL) was 

measured by MTT (A) and cell counting (B) after 3 day culture. (C) FL induced ERK 

phosphorylation in a dose-dependent manner and PD98059, at concentration as low 

as 1 µM completely abrogated FL-induced ERK phosphorylation. 
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3. Effects of CD40L, IFNγ, MPL, polyI:C, TNFα alone or in combination 

on the activation of human monocyte-derived dendritic cells 

 

A. Effects of various cytokine/TLR ligands on expression of molecules 

associated with DC maturation. 

Kinetics of surface molecule expression were analyzed for CD83, HLA-DR, and 

CD86 (Fig. 9). The phenotypic variability between DCs from different donors was 

subtle. Expression of CD83 was remarkably elevated in DCs maturated with polyI:C 

alone or in combination with polyI:C (Fig. 9A). Except for polyI:C treatment groups, 

CD40L+IFNγ and IFNγ+TNFα showed similar increased expression of CD83 in 

comparison with LPS.  

Single treatment of IFNγ or polyI:C exhibited higher levels of HLA-DR and CD86 

expression than LPS did. In case of binary combinations, any combinations with 

polyI:C showed approximately higher level of HLA-DR (Fig. 9B) and CD86(Fig. 9C), 

respectively. Among polyI:C treatment groups, CD40L+polyI:C induced the highest 

expression of HLA-DR and MPL+polyI:C, CD40L+polyI:C, and polyI:C+TNFα 

strikingly increased CD86 expression.   

      



 ３２ 

 



 ３３ 

 



 ３４ 

 

Figure 9. Effects of various cytokine/TLR ligands on expression of molecules 

associated with DC maturation. DCs were generated from CD14+ monocytes in 

RPMI1640, supplemented with GM-CSF and IL-4. On day 6, DCs were stimulated 



 ３５ 

with CD40L, IFNγ, MPL, polyI:C, TNFα alone or binary combinations for additional 

2 days. (A) Mean fluorescence intensity (MFI) of CD83 expression. (B) MFI of 

HLA-DR expression. (C) MFI of CD86 expression. Data representative of 

independent experiments from three different donors. 
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B. Effects of various cytokine/TLR ligands on cytokine secretion and T cell 

activation of DCs. 

IL-12p70 and IL-10 production by DCs after stimulation with CD40L, IFNγ, MPL, 

polyI:C, TNFα alone or in combination were further compared (Fig. 10A and 10B). In 

the presence of polyI:C, high levels of both of IL-12p70 and IL-10 were observed. 

One of interesting results from three independent experiments was as follows; first, 

DCs stimulated with CD40+IFNγ or IFNγ+polyI:C secreted the highest level of 

IL-12p70 among tested groups; second, CD40+IFNγ secreted the lowest level of 

IL-10 compared with other IL-12p70-releasing groups (only representative data 

shown). 

 To determine the functional impact of these different maturation stimuli, 

stimulated DCs were cultured with allogeneic T cells at various DC:T ratio for 5 days, 

and T cell proliferation was analyzed by [3H]TdR incorporation (Fig. 10C.). DCs 

stimulated with IFNγ+polyI:C, CD40L+polyI:C, and polyI:C alone induced much 

higher proliferation of T cells than that of LPS treatment. IFNγ alone, TNFα alone, 

and polyI:C+TNFα also generated higher proliferation of T cells than that of LPS 

treatment.  
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Figure 10. Effects of various cytokine/TLR ligands on cytokine secretion and T cell 

(B) 

(C) 

(A) 
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activation of DCs. DCs were generated from CD14+ monocytes in RPMI1640, 

supplemented with GM-CSF and IL-4. On day 6, DCs were stimulated with CD40L, 

IFNγ, MPL, polyI:C, TNFα alone or binary combinations for additional 2 days. (A) 

IL-12p70 in culture supernatant. (B) IL-10 in culture supernatant. (C) Allogeneic T 

cells were co-cultured with stimulated DCs for 96 hours. T cell proliferation at the 

DC : T cell ratio of 1:80 was determined by [3H]TdR incorporation. Results represent 

means ± SEM from triplicate wells from one donor; experiment repeated twice with 

different donors with similar results. 
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IV. DISCUSSION  

 

1. Dendritic cells pulsed with heat-treated tumor lysate in PANC02 model 

 

Immunotherapy has become an accepted therapeutic modality. Although clinical 

studies performed so far have provided evidence that anticancer vaccine formulations 

can be generally safely administered without significant side-effects, clinical 

responses have often been limited to few patients. This may be due to an advanced 

stage of disease, as well as the non-immunogenic nature of the tumor. To achieve 

successful immunotherapy, there have been a number of attempts to improve the 

immunogenicity of tumors, such as the use of adjuvants, costimulatory factors, and 

cytokines. Other approaches also continue to be evaluated.  

The purpose of this study was to generate DCs strong enough to circumvent tumor 

escape by enhancing the immunogenicity of a non-immunogenic cancer. It is well 

accepted that pancreatic cancer is one of the most non-immunogenic cancers and is 

incapable of provoking an effective immune response. Here, an immunocompetent 

C57BL/6 murine model was adopted to evaluate antitumor immunity against the 

pancreatic cancer cell line, PANC02. PANC02 is a chemically induced ductal 

pancreatic cancer cell line and is resistant to various antitumor agents.46, 47 For that 

reason, PANC02 cells highly resemble the human counterpart. As of human 

counterpart, little is known regarding the TAAs of PANC02. HTL originated from 

heated PANC02 cells contains a number of diverse HSPs associated with TAAs. 

These complexes can bind to DCs through receptors, such as CD91 and CD40, and 
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then undergo internalization and cross-presentation.48, 49 Cross-presentation is 

important for TAAs to be presented to both MHC class I and II at the same time. T 

cells primed by TAA-loaded DCs are activated, secrete host-favorable cytokines, such 

as IFNγ, and elicit a cytotoxic effect against tumors. In short, HTL enables DCs to 

receive abundant, chaperoned TAA and to be more functional. The data from 

PANC02 animal experiment proved that HTL-DC are more potent than TL-DC or 

unpulsed DCs in inducing T cell proliferation, IFNγ secretion, CTL generation, and 

tumor growth retardation. 

As a source of TAAs, TL was selected rather than whole tumor cells, RNA, or 

peptides. The advantages of using TL are two-fold. First, larger repertoires of TAAs 

lessen the possibility of tumor escape and increase the probability of CTL 

cross-priming with antitumor activity.7, 50, 51 Second, even though TAAs from tumor 

RNA are reported to be more potent than TL in inducing T cell priming and activation 

by DCs,52 TL has more advantages in generating tumor vaccines, such as ease of 

preparation and product stability.  

The dual roles of HSPs, as molecular vehicles for antigen cross-priming and as 

activation signals for the innate immune system cells that promote T cell priming, 

make them particularly useful for tumor immunotherapy. Hypothetically, using HTL 

may expand the repertoire of TAAs and enhance TAA delivery to professional APCs. 

In addition, stress-induced HSPs can positively stimulate DCs by providing 

maturation signals. While some researchers report that HSPs themselves also can be 

successful anticancer vaccines,14 others report that HSPs are already enriched in 

tumors but do not work due to inefficient expression.53 The underlying hypothesis 
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was that HTL can maximize both the effect of TL as an antigenic repertoire and of 

HSPs as peptide chaperones and immune-stimulators. Western blot analysis displayed 

that inducible HSPs existed in HTL, and these HTL-DC are presumed to provide 

immune effector cells with an antigenic repertoire for attacking tumors. On the other 

hand, it was reviewed that depletion of peptides from tumor-derived HSP70 

preparations failed to induce immunity against cancer cells.54 Because the 

combination of small peptides that are bound to HSPs are responsible for the specific 

immunogenicity of HSP preparations54 and it was thought there were various HSP 

families in HTL, specific single HSP such as HSP70 alone was not examined as a 

control group. Further studies of HTL-DC-mediated antitumor activity are necessary 

to address the identity of the immune effector cells and the effector mechanisms of 

tumor immunity.  

In DC vaccination, many factors affect T cell priming of the Th1/Th2 cytokine 

response profiles. These include maturation state of DCs, use of adjuvants, and 

administration route. Immature DCs were used for pulsing with lysate because of 

their high phagocytic activity. Upon pulsing with antigens, DCs were matured, as 

DC-mediated immune responses are more effective if an activation signal (danger 

signal) is received. Mature DCs up-regulate costimulatory molecules, secrete T cell 

differentiation factor such as IL-12, and present antigens more effectively. Immature 

DCs sustain danger of inducing non-proliferating, IL-10 producing T cells, whereas 

mature DCs promote development of Th1 cells.55 It is well known that Th1 cells 

produce IFNγ, and serve a critical role in cell-mediated immunity. Adjuvants, such as 

a highly immunogenic protein, KLH, augment antigen-specific CTLs when 
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co-administered with DC vaccine.56 Thus, use of KLH may be beneficial in shifting T 

cell response towards a Th1 response. It is also known that s.c. administration favors 

Th1 induction whereas i.v. injection may induce a Th2 cytokine response and humoral 

immunity.57 In addition, it is reported that intratumoral administration of DCs is 

effective, due to intimate contact between tumor cells and immunologic effector 

cells.52 Gold standards of DC vaccination, however, have not yet been established. 

Surrogate monitoring assays are necessary for optimizing various immunotherapeutic 

approaches. To date, however, there is no specific correlative assay that predicts in 

vivo tumor rejection responses. Currently, it is well accepted that the ELISPOT assay 

detects cytokine secretion by antigen-stimulated T cells. IFNγ secreted from 

antigen-specific T cells was shown to correlate with tumor regression in vivo.43 

Therefore, the ELISPOT assay was used to enumerate IFNγ secretion in response to 

1st- and 2nd-immunization of various DCs without subsequent in vitro stimulation. In 

line with in vivo antitumor activity, it was observed that HTL-DC was the most potent 

formulation among those tested in inducing IFNγ secreting effector T cells. 

Furthermore, antigen-stimulated T cells secreted overwhelming IFNγ when they were 

repeatedly primed with HTL-DC. Because there is only few information on TAAs of 

pancreatic cancer, MHC-peptide tetramer analysis was not adopted.  

In conclusion, it is demonstrated that HTL-DC vaccine generates a potent antitumor 

immune response in a murine pancreatic cancer model. It is clear that injection of 

HTL-DC induced a more potent inhibition of tumor growth than TL-DC. Furthermore, 

specificity for these antitumor effects was suggested by the cytotoxic activity of 

tumor specific CTL induction after DC vaccination. When immunologic epitopes are 
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unknown, HTL seems to be a promising alternative to lysate that may be used for 

tumors since equivalent formats of TAAs can be collected after radiation, 

chemotherapy, or chemo-radiotherapy clinically. These findings provided a useful 

therapeutic model for development of novel approaches to pancreatic cancer 

treatments. Although it was failed to observe tumor regression in PANC02-HTL-DC 

system, the evidence for HTL-DC enhanced tumor immunogenicity was provided. 

This potential for tumor immunotherapy warrants further clinical investigation. 

 

2. Flt-3 ligand effects on human monocyte-derived dendritic cells 

 

Currently, monocyte-derived DCs are becoming widely used as cell vaccines for 

cancer treatment. The requirement for optimized and standardized protocols for the 

generation of DCs on a large scale is asked for since protocols have not been 

concretely established. Therefore, the present study was designed to determine 

whether the addition of FL to the current protocols enhances the reported yield of 

monocyte-derived DCs.  

Despite the presence of FL receptor on monocytes, its role has remained elusive. 

There was an average increase in the monocyte population of 30% upon stimulation 

with FL compared to cultures with medium alone in this experiment. This cellular 

proliferation was further confirmed by MTT assay as well as [3H]TdR uptake. Indeed, 

FL was the only single growth factor among tested which consistently increased the 

number of monocytes in short-term culture. Although the possibility of contaminated 

CD34+ cells present in the adherent fraction of PBMC was anticipated, it was ruled 
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out by using purified CD14+ cells or CD34+ cell depleted CD14+ cells. The frequency 

of these progenitors in CD14+ fractions was too low to be detected with accuracy by 

FACS analysis. However, in current culture system, combinations of hematopoeitic 

growth factors (SCF and TPO) failed to enhance the FL-induced monocyte 

proliferation. These data strongly suggest that FL stimulates the proliferation of 

monocytes, not the precursor CD34+ cells.  

While spontaneous cell death by apoptosis during in vitro monocyte culture had 

been documented previously,45 the addition of FL to monocyte culture reduced 

monocyte apoptosis in the current study. Thus, the cell recovery after short-term 

culture in this experiment might be the sum of cell proliferation as well as prevention 

of cell apoptosis. 

Since the underlying molecular mechanism of FL effect on monocyte was unclear, 

the involvement of signal cascades for cell growth and survival were examined. 

Signaling pathways that mediate the survival, proliferation, and differentiation of cells 

include MAPK and PI3K pathways.32 From immunoblot analysis, it was shown that 

ERK pathway is required for optimal proliferation and possibly for survival in 

response to FL stimulation, while phosphorylation of JNK or Akt was not modulated 

by FL. This contrasts to the previous findings that CD34+ cells utilized PI3K for 

proliferation and differentiation and further reduced the possibility of the cellular 

proliferation by contaminated CD34+ cells seen in this culture system. Thus, FL 

utilized ERK for both survival and proliferation of peripheral blood monocytes. In 

line with this finding, Srinivasa and Doshi58 reported that both FL and G-CSF induced 

phosphorylation of ERK while p38 MAPK was phosphorylated only in response to 
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G-CSF but not FL in a leukemic cell line. Since FL activates ERK, it is also possible 

that Grb2 or other adaptor proteins links to Flt3 to the Ras/Raf/MAPK pathway.32 

However, the exact roles that these adaptor proteins play in Flt3 signaling in human 

monocytes remain to be demonstrated. 

In summary, the effects of FL on human monocyte proliferation and survival were 

confirmed. Monocyte proliferation was found to be enhanced in the presence of FL, 

and this effect was in a partly dose-dependent manner via ERK activation. In contrast 

to ERK, Akt, JNK and p38 were not tyrosine phosphorylated after FL stimulation. FL 

was found to play an important role from monocyte status during monocyte-derived 

DC generation. These results demonstrated that FL could induce the proliferation of 

monocytes, a subset of DC precursors. It was predicted that FL could be a promising 

growth factor for the in vitro generation of large number of DC, which might help to 

improve immunotherapeutic anti-cancer protocols.  

 

3. Effects of CD40L, IFNγ, MPL, polyI:C, TNFα alone or in combination 

on the activation of human monocyte-derived dendritic cells 

 

DCs are APCs with the unique ability to initiate both innate immune responses and 

a highly specific acquired immunity.59 Therefore, these cells have been the focus of 

intensive investigations in the area of cancer research for developing DC-based 

cancer vaccines as a novel immunotherapy. During in vitro DC preparation, several 

factors induce DC maturation. They include microbes, CD40L on activated T cells, 

cytokines (TNFα, IL-1β), bacterial and viral products (LPS, dsRNA). A maturation 
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process, characterized by IL-12 production and the up-regulation of MHC and 

costimulatory molecules (HLA-DR, CD86, CD40), is critical for initiation of primary 

T cell response.53 

The aim of this study was to examine the ability of cytokines/TLR ligands to 

enhance DC maturation and function when combined. The cytokines/TLR ligands 

adopted were CD40L, IFNγ, MPL, polyI:C, and TNFα; These reagents had been 

reported to exert positive effects on DC maturation and function but not act 

sufficiently as LPS according to some debates. CD40L, IFNγ, and TNFα are 

host-favorable cytokines that activate immune cells to eradicate microbes or to 

increase co-stimulatory molecules on APCs. MPL, polyI:C, and LPS are TLR ligands 

that lead not only to the induction of inflammatory responses but also to the 

development of antigen-specific adaptive immunity.60 TLRs have been considered to 

be expressed mainly in APC including DCs. In APC, TLR ligands induce the 

up-regulation of costimulatory molecules, including CD80, CD86, and CD40 and the 

production of pro-inflammatory cytokines, thereby indirectly co-stimulating T cell 

activation.61 In APC, it has been known MPL and LPS binds to TLR4, polyI:C binds 

to TLR3.37 Here, it was shown for the first time that the combination of cytokines and 

TLR ligands to DC generation protocols allowing for the induction of activated DCs 

might be implicated clinically. 

CD40L plays a pivotal role by the capacity of ligand-receptor pair to activate DCs 

and B cells.61 When T cells are activated, they express CD40L, which binds to CD40 

expressed on APCs and delivers signals that enhance the expression of B7 

costimulatory molecules on the APCs.61 In this experiment, CD40L alone did not 
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increase CD86 expression or T cell proliferating activity of DCs, but only DCs 

stimulated with CD40L+IFNγ demonstrated high level of IL-12p70 and low level of 

IL-10 secretion.  

IFNγ, secreted from immune cells such as NK cells, CD4+ T cells, and CD8+ T cells 

stimulates expression of MHC class I and II molecules and co-stimulatory molecules 

on APC.62 IFNγ alone dramatically increased the expression of HLA-DR and CD86 

as shown previously. DCs stimulated with CD40L+IFNγ and IFNγ+polyI:C showed 

high level of IL-12p70 and low level of IL-10 secretion, especially DCs stimulated 

with IFNγ+polyI:C exhibited the highest activity of T cell proliferation within tested 

groups. As a result, there was a tendency for DCs to produce much lower level of 

IL-10 when stimulated with TLR ligands and IFNγ mixture.  

MPL, detoxified form of LPS and lipid A derivative, has been shown to activate 

APC and T cells in mice and human.63 From present results, MPL had a LPS-like 

effect that produce low levels of IL-12p70 and high levels of IL-10 but could not 

induce expression of costimulatory molecules and T cell proliferation as much as 

LPS.  

Another TLR ligands tested in this study was poly I:C, synthetic viral 

polyribonucleotide analogue. In this study, polyI:C itself functioned as a potent DC 

stimulator by augmenting IL-12p70 secretion, elevating expression of CD83, CD86 

and HLA-DR, and enhancing T cell proliferation profoundly. PolyI:C is not clinically 

available yet, but many approaches to make non-toxic analogue of polyI:C has been 

attempted.64 Since the disadvantage of polyI:C is known to induce high level of IL-10, 

IL-10 secretion of DCs stimulated with polyI:C has been improved by combining 
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IFNγ. The current data suggest that IL-10 blockade during DC culture by stimulating 

with IFNγ may diminish the requirement for systemic administration of anti-IL-10 

mAb during cancer immunotherapy, although this hypothesis would need to be tested 

in vivo. 

The last cytokine examined was TNFα. It is a potent stimulator for an immunologic 

response and enhances proliferation and differentiation of CD34+ cell-derived DCs.65 

In clinical DC preparation, cytokine cocktail, composed of TNFα, PGE2, IL-1β, and 

IL-6, has been used, but there is still a debate going on because large amount of TNFα 

causes systemic abmormalities i.e. septic shock syndrome. In this experiment, TNFα 

alone showed T cell proliferating activity and moderately increased expression of 

CD86 and HLA-DR, but no advantage of combination was found.  

Protocols for generating mature, stimulatory DCs from peripheral blood monocytes 

have been developed to generate DCs of stable phenotype (up-regulation of 

costimulatory molecules), with the ability to induce high levels of T-cell proliferation. 

The current studies examined key cytokines secreted by DCs, expression of surface 

molecules of DCs, and their ability to stimulate T cell proliferation. In this purpose, 

the selecting standards of cytokines/TLR ligands considered as potent maturation 

factors were as follows: (i) which can increase the expression of surface molecules 

helpful for antitumor immune responses, such as MHC class II and CD86 on the DCs, 

(ii) which can suppress immunosuppressive cytokine IL-10 and augment 

immunostimulatory IL-12p70 production in DCs, and (iii) which can enhance T cell 

proliferating activity.  

In summary, single use or various combinations of cytokines/TLR ligands were 
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tested to generate mature, potent DCs without LPS. Cytokines (CD40L, IFNγ, and 

TNFα) and TLR ligands (MPL and polyI:C) were adopted and assessed by flow 

cytometry, MLR, and cytokine ELISA. As a result, in case of CD40L+IFNγ 
(cytokine+cytokine combinations) showed well-maturation and high level of 

IL-12p70 production. In addition, IFNγ+polyI:C and CD40L+polyI:C (cytokine+TLR 

ligand combinations) showed increase in CD86 and HLA-DR expressions, augmented 

IL-12p70 production, and induced T cell proliferation by DCs. TLR ligand+TLR 

ligand combinations were considered ineffective because IL-10 production was  

increased tremendously. Combined additive effect not being observed in any mixtures 

was one of the problems in this experiment. Therefore, divergent methods to confirm 

whether combining effect exists should be further explored. On the other hand, 

cytokine profile such as IFNγ/IL-4 production of T cells which were primed by DCs 

and underlying molecular mechanisms should be preferentially studied. The 

proof-of-principle studies will need to be performed to demonstrate immunogenicity 

of monocyte-derived DCs matured with CD40L, IFNγ, MPL, polyI:C, and TNFα 

alone and/or in combination. 

 



 ５０ 

V. CONCLUSION 

 

1. Dendritic cells pulsed with heat-treated tumor lysate in PANC02 model 

 

 In this study, the effects of HTL-DC against pancreatic cancer were examined in the 

C57BL/6 murine model.  

  A. The heat-treatment of tumor cells induced strong expression of HSPs (HSP70, 

HSP90), potential chaperone for tumor antigens as well as DC maturation factors. 

  B. HTL-DC induced stronger tumor suppression than DCs alone or the TL-DC 

group in vivo murine model. 

  C. T cell proliferation assay and IFNγ ELISPOT assay elicited most prominent T 

cell activation by HTL-DC followed by TL-DC and DC. 

  D. HTL-DC generated two-fold of cytotoxic T lymphocytes than TL-DC in vivo 

and in vitro. 

These findings suggest that HTL has prominent adjuvant effects and is a very 

effective source of tumor antigen for pulsing DCs. HTL strategy can be effectively 

substituted by lysate prepared from tumor specimens after chemotherapy or 

radiotherapy that are known to induce significant level of inducible HSPs.     

Collectively, this approach may provide more diverse, stable, and larger quantities of 

tumor peptides and thereby increasing the immunogenecity of pancreatic cancers. 

Thus, HTL-DCs are a promising anticancer vaccine for the fatal pancreatic cancer 

that warrants clinical research and development. 
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2. Flt-3 ligand effect on human monocyte-derived dendritic cells 

 

In this study, the effects of FL on human peripheral blood monocytes were 

investigated. 

A. Monocyte proliferation was found to be enhanced in the presence of FL, and this 

effect was in a partly dose-dependent manner via ERK activation.  

B. In contrast to ERK, Akt, JNK and p38 were not tyrosine phosphorylated after FL 

stimulation.  

C. FL protects monocytes from spontaneous cell death. 

These data suggest that FL induces the proliferation of monocytes, a subset of DC 

precursors. The capacity to generate larger number of more powerful 

monocyte-derived DCs by FL will have important implications for the development 

of effective immunotherapeutic strategies.     

 

3. Effects of CD40L, IFNγ, MPL, polyI:C, TNFα alone or in combination 

on the activation of human monocyte-derived dendritic cells 

 

In this study, single or combinatorial use of cytokines (CD40L, IFNγ, and TNFα) 

and TLR ligands (MPL and polyI:C) were examined to generate mature, potent 

monocyte-derived DCs without LPS.  

A. DCs stimulated with polyI:C alone dramatically increase the expression of CD83, 

CD86, and HLA-DR. No combining effect of polyI:C was observed by any analyzing 

methods. DCs stimulated with IFNγ increase HLA-DR sufficiently and DCs matured 
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with CD40+polyI:C increase the expression of HLA-DR and CD86. 

B. With the exception of polyI:C, CD40L+IFNγ stimulated high levels of IL-12p70 

secretion. Any conjunction with polyI:C induced high levels of IL-12p70 and DCs 

stimulated with IFNγ+polyI:C showed the highest level of IL-12p70 production. 

C. High levels of IL-10 were induced by two TLR ligands, polyI:C and MPL. 

However, IL-10 production of DCs was decreased in the presence of IFNγ.   

D. DCs stimulated with IFNγ+polyI:C, CD40L+polyI:C, polyI:C alone, and TNFα 

alone induced higher T cell proliferation than DCs stimulated with LPS.  

Thus, monocyte-derived DCs stimulated with IFNγ+polyI:C efficiently induced T 

cell proliferation by secreting IL-12p70 and increasing expression of CD83 and CD86. 

DCs stimulated with CD40L+IFNγ induced much higher level of IL-12p70 than DCs 

stimulated with LPS, moreover, they induced the lowest level of IL-10 within tested 

groups. DCs matured with CD40+polyI:C induced T cell proliferation by increasing 

the expression of HLA-DR and CD86.  

These data suggest that some combinations of cytokine and TLR ligands can 

enhance the maturation and function of monocyte-derived DCs. A better 

understanding of DC maturation and potent of the differently stimulated DCs to 

induce and modulate immune responses will be considerably beneficial for 

developing DC-based immunotherapeutic strategies.  
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ABSTRACT (IN KOREAN)  

 

종양 면역에서의 생체 활성 증진 물질에 의한 수지상 세포의 활성 증진 

 

<지도교수 송시영>  

 

연세대학교 대학원 의과학과  

 

주이신 

 

 치명적인 췌장암을 극복하기 위한 일련의 노력으로 인체 면역시스템을 

치료에 응용한 항암면역요법(cancer immunotherapy)이 새로운 치료법으로 

주목 받고 있다. 본 연구는 (1) 강력한 항원제시세포(antigen-presenting 

cell)인 수지상 세포(dendritic cell, DC)에 췌장암의 heat-treated tumor 

lysate(HTL)를 도입하여 췌장암 동물모델에서의 항암효과를 증명하고, 인간 

말초 혈액 내 단핵구(monocyte)로부터 수지상 세포를 체외 배양하는 

과정에서 (2) flt3-ligand(FL) 또는 (3) 다양한 cytokine 및 Toll-like 

receptor(TLR) ligands의 조합을 이용하여 보다 많은 수의, 보다 강력한 

수지상 세포를 만들어보고자 하였다.  

(1) 췌장암 마우스 모델에서의 수지상 세포의 HTL 도입 실험 요약: 본 

연구는 DC의 종양 항원(tumor antigen) 인식 단계에서 기존에 사용되는 

tumor lysate(TL) 대신 HTL을 새롭게 시도하여, 열에 의해 유도된 



 ６３ 

열충격단백질(heat shock protein, HSP)이 종양 항원을 다양하게, 

보호된(chaperoned) 형태로 전달함으로써 췌장암의 종양 면역원성(tumor 

immunogenicity)을 증가시키는지를 검증하고자 하였다. C57BL/6 마우스에서 

PANC02 세포주를 주입하여 종양을 형성한 후, DC를 주입하여 일정기간 

종양의 크기를 재고 각종 면역세포의 동향을 추적 실험하였다. DC는 

마우스의 골수세포로부터 분화시켜 unpulsed DC, TL-DC, HTL-DC로 나누어 

PANC02 종양 항원을 도입한 후 완전 성숙시킨(full maturation) 상태에서 

종양을 발현한 마우스에 1주 간격으로 총 3번 피하주사하였다. Western 

분석 결과, 42℃ 2시간의 열처리에 의해 주요 기능을 하는 HSP70, HSP90이 

증가함을 확인하였다. HTL-DC, TL-DC, DC 순서로 종양의 성장이 

억제되었고 (생리식염수를 투여한 대조군의 평균종양부피를 100%로 

산정하였을 때 HTL-DC는 56%, TL-DC는 74%, DC는 88% 수준), 이와 같은 

경향은 활성화된 T 세포에서 분비되는 IFNγ의 ELISPOT assay 및 

PANC02를 표적 세포로서 시행한 세포독성시험(cytotoxicity assay)을 

통해서도 재확인되었다.  

(2) Flt3 ligand (FL)의 인간 말초 혈액의 단핵구(monocyte)에의 영향 실험 

요약: FL은 tyrosine kinase receptor인 Flt3 (CD135)에 특이적으로 결합하는 

조혈성장인자로서 임상에서는 항암 치료 및 골수 이식에 있어서 줄기 세포, 

원시 세포(progenitor cell) 및 수지상 세포를 말초 혈액으로 

구동화(mobilization) 시키는 데 사용되고 있다. FL이 수용체에 결합한 

이후의 생리학적 현상들이 일부 알려져 있음에도 불구하고 말초 혈액내 

단핵구에 발현하는 Flt3에 결합 가능한 FL의 생리적 기능은 아직 명료하게 
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밝혀지지 않았다. 부착성(adherence) 또는 MACS를 이용하여 분리한 CD14+ 

단핵구에 FL을 함께 배양하여 단핵구의 증식(proliferation) 또는 세포 

사멸(apoptosis)에 어떤 영향을 미치는지, 이는 어떤 세포 신호 전달 과정을 

거치는지 실험하였다. 그 결과, FL은 용량 의존적인 경향을 가지고 

단핵구의 증식을 유도하였으며, 아울러 단핵구의 자연적인 세포 사멸을 

억제할 수도 있음을 밝혀내었다. 또한 FL은 ERK 인산화를 경유하여 증식 

작용을 나타내는 것으로 보이며 이는 ERK 억제제에 의하여 그 효과가 

상쇄됨이 증명되었다. 반면 p38 MAPK, JNK, 및 Akt는 상대적으로 미미한 

영향을 미치는 것으로 나타났다.  

(3) 다양한 cytokine 및 TLR ligand를 이용한 단핵구 유래 수지상 

세포(monocyte-derived DCs)에의 영향 실험 요약: 수지상 세포의 항암 백신 

연구가 진행되면서 말초 혈액 단핵구 유래의 수지상 세포의 체외 배양(in 

vitro culture)에 있어서 생체 활성 물질을 이용한 maturation 실험 또한 

관심이 집중되고 있다. 기존에 체외 배양에서 사용하는 LPS는 그 자체가 

발열원(pyrogen)이 되어 septic shock을 일으킬 수 있으므로, 본 실험에서는 

기존 연구에서 수지상 세포의 기능에 긍정적인 영향을 주는 것으로 알려진 

몇 가지 cytokine과 TLR ligand를 단독 또는 병용 투여하여 LPS와 같은 

독성작용 없이 수지상 세포의 기능을 증진시킬 수 있는지 시험하였다. 

Cytokine으로는 CD40L, IFNγ, TNFα를 사용하였고, TLR ligand로는 polyI:C, 

MPL을 사용하였으며, 수지상 세포의 활성은 유세포 분석(FACS), 

배양액(cell culture supernatant) 내 IL-12p70및 IL-10의 ELISA 측정, MLR을 

통하여 확인하였다. 그 결과, cytokine간의 배합에서는 CD40L+IFNγ 병용시 
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CD83의 발현 및 IL-12p70 분비능이 우수하였으며, cytokine+TLR ligand의 

배합에서는 IFNγ+polyI:C, CD40L+polyI:C의 병용 처리시 수지상 세포의 

성숙 인자 발현, IL-12p70의 분비능, T세포 자극능이 우수한 것으로 

나타났다. 특히 IFNγ+polyI:C의 경우, IFNγ에 의해 polyI:C의 면역억제성 

(immunosuppressive) cytokine인 IL-10의 분비능이 감소되는 장점도 관찰할 

수 있었다. TLR ligand간의 병용투여는 유세포 분석 결과 maturation에 

유리하지 않았으며 오히려 IL-10의 분비만 증가시킴으로써 후보군에서 

배제되었다.   

이상에서 보는 바와 같이, 본 연구는 수지상 세포를 이용한 항암 면역 

요법에 있어서 항원 도입 단계에서의 HTL, 수지상 세포의 초기 배양 

단계에서의 FL, 미성숙 수지상 세포의 성숙 인자로서 cytokine 및 TLR 

ligand를 생체 활성 물질(biological response modifier)로서 설정하여 각각에 

적합한 기능 분석을 수행하여 실제로 수지상 세포의 기능 증진에 기여할 

수 있는지를 확인하고자 하였다. 그 결과, 췌장암 마우스 모델을 이용한 

수지상 세포 기반의 면역요법에서 종양항원으로써 HTL이 기존의 TL보다 

우월한 효능을 보여 실제 췌장암 환자를 대상으로 항암면역요법에 

유용하게 사용될 수 있을 것으로 기대되며, 인간 단핵구 유래의 수지상 

세포 배양에 있어서 기존에 사용하던 GM-CSF 및 IL-4 외에 FL을 

첨가하여 배양할 경우 보다 강력하고 높은 회수율(yield)의 수지상 세포를 

얻을 수 있을 것으로 기대된다. 또한 CD40L, IFNγ, TNFα, MPL, polyI:C 등과 

같이 기존에 수지상 세포에 긍정적인 영향을 미치는 것으로 알려진 

물질들을 단독 또는 병용 처리하여 수지상 세포의 기능을 다양한 각도로 
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분석하는 시도를 통해, 수지상 세포 기반의 항암 면역 요법의 프로토콜 

확립에 유용한 정보를 제공할 수 있을 것이다.    

 

 

 

핵심되는 말: 수지상 세포, 생체 활성 물질, 췌장암, 항암 면역 요법, 

flt3-ligand 
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