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Introduction

Dendritic cells (DCs) are specialized to take up, process and present antigens, and

have the capacity to stimulate naive T cells and initiate the primary immune response.

Since patients with growing tumor are impaired to recognize the abnormal cells as

non-self, these properties of DC can be utilized to recall immune responses against

tumor cells. Furthermore, since the highly specific immune responses against tumor

cells are persistently memorized and take place wherever the immune cells can arrive

at, the DC based immunotherapy is expected to cope with tumor relapses and

metastasis.

For approaching to the immune therapy, much effort has been done to establish the



optimal method to induce DCs in vitro from monocytes and bone marrow precursors

using purified cytokines such as granulocyte-macrophage colony stimulating factor

(GM-CSF) and interleukin (IL)-4, to overcome the scarcity of DCs in blood. In human,

using the in vitro developed DCs, many clinical trials have been carried out against

variety of tumors. However, in most of the cases the DC based therapy has not been

enough succeeded, and many of patients has showed progress of the disease. Recently it

has been found that the in vitro developed DCs were inactivated along with reverse

maturation in the in vivo environment where the stimulation for DC activation and

maturation was not available. Furthermore, it has also found that some tumors produce

factors to suppress the DC activation. Therefore, it is necessary for the success of the

DC based therapy to constitute the in vivo environment to support the development and

activation of DCs.

Suffering from common types of cancer with humans, success in DC therapy against

canine cancers promises not only advancement in cancer treatment in veterinary

medicine, but also provides effective information that advances DC therapy in humans.

However, the development and characteristics of DCs in the dog has not been subjected

to a thorough study. Therefore, a series of experiments were conducted in order to

understand in vitro differentiation, characterization of canine DCs and regulatory



factors for optimizing their activity in the tumor therapy. First, the method to effectively

induce fully matured DC from canine peripheral blood monocytes (PBMOs) was

established. Second, using biophysical phenotypes, hematopoietic progenitor cells from

canine bone marrow (BM) was isolated to be used ultimately as sources of DC. Third,

genes of canine cytokine were cloned and expression vector including them were

constructed to constitute the in vivo environment.

Chapter 1: Generation of canine DCs from peripheral blood monocytes without using

purified cytokines

Since the DC population in blood and tissues is very small, recent work has aimed to

generate DCs in vitro from PBMOs or BM precursors, using granulocyte-macrophage

(GM)-CSF, IL-4 and maturing factors in the human and mouse. But this generation

method is not applicable in animal species for which recombinant cytokines are not

available. The differentiation and maturation of canine DCs from PBMOs also have not

yet been well characterized, since appropriate conditions for the in vitro differentiation

were not known. However, it has been reported that monocytes differentiate into DCs in

vivo in the T cell area of lymph nodes, and that maturation of DCs takes place in the

lymphoid tissues through their interaction with T cells. Therefore, it is suggested that



the conditioned media produced by activated T cells provides suitable conditions for

differentiation and maturation of DCs. To verify this hypothesis and to cope with

limitations in purified cytokines of the dog, canine T cell conditioned medium (TCCM)

was developed by culturing peripheral T cells with immobilized anti-canine CD3 mAb,

and the differentiation of DCs from PBMOs (isolated CD14+ cells) was examined by

morphology, phenotype and functional aspects.

There has been tremendous progress in characterizing DCs in both mice and humans.

In all these studies, mature DCs have been identified based on their morphological and

functional characteristics: 1) Large cells with long dendritic processes; 2) significant

expression of molecules for antigen presentation, such as MHC (particularly MHC II)

and CD1la; 3) potent ability to stimulate allogeneic T cells in MLR; and 4) poor

phagocytotic activity. In addition, DCs produce cytokines such as IFN-y, TNF-a and

IL-18, to augment immune responses. In the present study morphological and

functional characteristics of cells derived from the TCCM-culture of PBMOs was

investigated, and found that the day 12 cells from the TCCM culture provided feature

completely according with the DC-characters described above. Furthermore, the effects

of TCCM are reproducible over different batches. It follows from these results that

TCCM provide optimal condition for the in vitro differentiation of DCs from PBMOs. In



this study, a model for DC generation without using pure cytokines is exhibited.

Chapter 2: Isolation of hematopoietic progenitor cells in canine bone marrow

The in vitro differentiation of DC was first found from BM progenitor cells. From the

results of the study described in Chapter 1, it is suggested that efficiency of DC

generation is affected by the purity of precursor. Therefore, as the first step of

investigating the canine DC-differentiation in the BM cell route, hematopoietic

progenitor cells (HPCs) in canine bone marrow were isolated using phenotypes

concerned with physiological properties: Cell density, surface glycoproteins which bind

to wheat germ protein (WGA) and capability for efflux of vital dye, Rhodamine-123 (Rh)

which is mediated by multidrug resistance genes such as P-glycoprotein.

Canine BM cells were separated by equilibrium-discontinued centrifugation, and

HPCs, detected by in wvitro colony formation, were significantly enriched in the

relatively low density (LD) fraction. In flow cytometry, many CD34, a marker of human

HPCs or MHC class II expressing cells were detected in the LD fraction, but these were

not significantly enriched. When the LD cells were separated, using a cell-sorting

method, into cells with high affinity of WGA (WGAbieh) and cells with WGAlw, almost all

multipotent HPCs (MHPCs) and HPCs committed to myeloid lineage were found in the



WGADbigh population. However, forty percent of CD34 positive cells were found as

WGAIlow, Therefore, the WGA separation is superior to that by CD34 for isolation of DC

progenitors. When the WGAbigh population was further stained for Rh, almost all

MHPCs were included in the dull population (Rhlew). Morphologically, most Rhlow cells

were round blastic cells containing a large nucleus with nucleoli and narrow cytoplasm.

Based on these results, it is suggested that all of the MHPCs in canine BM show the

Rhlow WGAbigh LD phenotype, and may contain hematopoietic stem cells, which are the

primitive HPCs.

Chapter 3: Cloning and production of canine cytokine genes for generation and

activation of dendritic cells in vivo

IL-12 shows potent ability to activate immune cells concerning in cellular immunity,

such as cytotoxic T lymphocyte (CTL) against tumors. While IL-12 is produced by

activated mature DCs, the cytokine in turn takes a role in maintenance of DC activity.

On the other hand a combination of GM-CSF and IL-4 exert an effect to induce

differentiation of PBMOs into DCs. Therefore, if an environment producing GM-CSF,

IL-4 and IL-12 exists near or around tumor tissues, DCs will be continuously recruited

by the differentiation from infiltrated PBMOs, and maintain the activity to prime



specific immunity against the tumor. The long term existence of such environment will

be achieved by transfection of gene-expression vectors containing the cytokine genes. In

this study, as the first step of the project, the molecular cloning of canine IL-4, GM-CSF

and IL-12 gene was carried out, and the expression of functional cytokine by the gene

was examined.

Full length of canine IL-4, GM-CSF, IL-12p35 and IL-12p40 cDNAs were amplified by

PCR with specific primers, inserted into blunt-end vector and cloned in £. coll clone

DHb5a. After the certification of correct sequence, cDNA of IL-4, GM-CSF or IL-12 p35

(p35) was inserted into expression vector, pcDNAS3.1, which contains neomycin-resistant

gene and ¢cDNA IL-12 p40 (p40) into pSVL, which does not contain neomycin-resistant

gene. The vectors were transfected into CHO cells and the transfected cells were

selected with neomyecin.

For expression of IL-12, the p35-pcDNA3.1 and the p40-pSVL vectors were

co-transfected into CHO cells. After the selection with neomycin, the expression of 1L-12

was examined in immunofluorescence assay using anti-canine p40 antibody. About 50%

of the CHO cells was successfully transfected with both the p35-pcDNA3.1 and the

p40-pSVL vectors. Ninety t0100% of CHO cells transfected with IL-4-gene or

GM-CSF-gene was detected to express IL-4 or GM-CSF cytokine in flow cytometry.



Supernatants were collected from cultures of IL-4-expressing CHO (IL-4-CHO),

GM-CSF-CHO and IL-12-CHO, and examined for functions of DC induction and

maturation. When PBMOs were incubated with supernatants of GM-CSF-CHO and

1L-4-CHO, cell morphology changed to that of DCs, and expression of MHC class 1I,

CD1a, CD80 and CD86 on the cells significantly elevated. The expressions of CD80 and

CD1a were significantly enhanced by addition of the IL-12-CHO supernatant. These

results suggest that cloned canine IL-4 and GM-CSF genes express functional cytokines

for DC induction, and IL-12 gene for DC maturation. In addition, the IL-12-CHO

supernatant activated T cells and induced secretion of IFN-y. Taken together, it is

suggested that these cytokine gene vectors can be utilized to constitute the in vivo

environment for recruiting DCs and maintaining DC activity against tumors.

Conclusions

1. Mature DCs can be successfully generated using TCCM from PBMO and this

could be used as a model to develop DCs in any species especially where

recombinant cytokines have not developed.

2. HPCs including DC progenitors were significantly enriched in the LD WGAbigh

Rhlow cells of the dog BM.



3. IL-12 not only activates T cells but facilitates the DC maturation also.
4. All results in the series of experiments together will provide new strategy for the

DC based tumor immunotherapy not only in dogs but also in human.
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