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Abstract

We showed that intracytoplasmic infection by Listeria monocytogenes (Lm) influences the T cell
differentiation process and resulted in dominance of the type 1 T cell subset, and proposed a two-step T
cell differentiation pathway during pathogen infection. Base on this study, we established a novel method
for Lm-mediated gene transfer into mammalian cells to manipulate the immune response of the host
during infection by pathogens. We demonstrate that the gene manipulated Lm containing a self-destroying
gene functions as a possible carrier for gene fransduction into mammalian host cells.
Key words gene transfer, Listeria moncytogenes, type 1 T cell subset, pathogen infection, immune

response

Introduction

T helper (Th) cells are divided into two subsets according to the set of cytokines that they produce.
Type 1 T cells which produce IFNy play an important role in the clearance of intracellular pathogens,
whereas Type 2 T cells which produce interleukin (IL) —4 eliminate extracellular ones. Shift to one of
these two subsets from precursor can determine the outcome of the diseases in many intracellular
pathogens infection, such as leishmaniasis. During Leishmania major (L. major) infection, resistant
C57BL/6 mice develop protective Thl responses that control infection, on the contrary, susceptible
BALB/c mice fail to control infection due to an aberrant Th2 response (1). Cytokines present at the
initiation of the immune response at the stage of ligation of the T cell antigen receptor (TCR) determine
the type 1 or type 2 T cell differentiation from the precursor. It is known that effective primary immunity
against L.major requires IL-12-dependent production of IFN- y from Thl cells (2,3). On the other hand,
some other cytokines, such as IL-4 and IL-10, act as candidate that induce Th2 cells (4-6). After infected
with L. major, the early production of IL-4 in susceptible BALB/c limits the ability to induce a protective
Thl response (5). Treatment with recombinant IL-12 (rIL-12) in the early stage of infection shows
protective effect in BALB/c mice infected with L. major (2). Therefore, it is possible to optimize immune

response to control pathogens by modification the balance of cytokines at the time of antigen stimulation.
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Recently, the technique using intracellular bacteria for DNA transfer into mammalian host cells was
performed successfully (6), which provides not only an effective method to study the immune response
but also iherapy to many kinds of diseases. Attenuated strains of intracellular bacteria are ideal candidates
which can deliver plasmids DNA to target cells. Listeria Monocytogenes is a Gram-positive intracellular
bacterium which invades both phagocytic cells and nonprofessional phagocytic cells. It is now known that
various genes and proteins directly involved in the various steps of the infectious process: Internalization
by nonprofessional phagocytic cells is often mediated by internalins, of which Intemnalin A and B are the
best characterized (7). Upon entry into the cells, Listeria become engulfed within a vacuole. Hemolysin in
combination with phospholipases is largely responsed for mediating escape from the vacuole to cytosol
(8). Once in the cytosol, bacteria multiply. Intracytoplasmic bactria are immediately surrounded by a
cloud composed of actin filaments and use the force generated by actin polimerization to move
intracellularly and then spread from cell to cell (9). Taking advantage of this knowledge, attenuated
strains of Lm which are able to undergo self-destruction in the cell cytosol by production of a phage
endolysin could deliver functional plasmids DNA into the cell (10).

In the present study, we established a Lm-mediated gene transfer system which can transfers 1L-12,
IL-4, IFNy, and JL-10 cDNA into mammalian host cells. With this system we investigated the T cell

differentiation in the murine model of cutaneous lishmaniasis.
Materials and methods

c¢DNA: cDNA from murine IL-4 , IFNy and IL-12 p70 were obtained from Dr. H. Karasuyama, Tokyo
Metropolitan Institute of Medical Science, Tokyo, Japan and by Dr. H. Yamamoto, Osaka University,
Osaka respectively cDNA from ply118 was kindly provided by Dr. W. Goebel Theodor-Bover-Institut fir
Biowisenschaften, Wiirzburg, Germany and Dr. M. J Loessner, Institut Fur Mikrobiologie, Technische

Universitét Miichen, Freising, Germany.

Mice: OVA-peptide-specific TCR TG mice were originally developed by Dr. D. Loh. Mice and their
littermates were reared under specific pathogen free conditions in the animal facility of Ehime University
School of Medicine. BALB/c and C57BL/6 mice were purchased from Charles River Japan (Yokohama,

Japan). All mice were used in accordance with the institutional guides for animal experimentation.

in vitro stimulation of T cells: T cells of uninfected- and Lm-infected TCR-TG mice were prepared as

non-adherent cells as described (11), and were stimulated in vitro with T cell depleted splenic APC from
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uninfected- and Lm-infected syngeneic BALB/c mice in the presence of 1uM specific OVA peptides.
Cells were collected and washed, and re-stimulated with APCs and homologous antigen for 2 days.

Amounts of IL-4 and IFNy in the culture supernatant were determined by ELISA assay (12-14).

Exprimetal infections in vivo and Pathogens: Listeria Monocytogenes (EGD strain) was provided by Dr.

P. Cossart, Pasteur Institute, Paris, France and 2x10° of bacteria were inoculated intraperitoneally.

in vitro infection with Lm: For in vitro infection of splenic APCs with Lm, T cell depleted spleen cells
were infected with Lm at MOI of 5:1 for 1h followed by extensive washing and X-irradiation at 3000 rad.
These treated splenic APC cells were cocultured with T cells from TCR-TG mice. For gene transfer by
Lm, cultured cell lines were infected with gene manipulated Lm in vitro at MOI of 5:1 for 1h and
followed by extensive washing and cultivation for 2 days. The expression of the transferred gene was

detected either by fluorescence microscopy or ELISA.

Results and Discussion

We used OVA-peptide specific T cell receptor transgenic (TCR-TG) mice (15) and the intracellular
infectious pathogen Lm to evaluate the effect of pathogenic infection. When T cells of uninfected TCR-
TG mice were stimulated with a specific antigen and antigen presenting cells (APC) in vitro, the cells
differentiated predominantly into an IL-4-producing type 2 T cell subset (Fig. 1a). In contrast, Lm-
infection appeared to stimulate T cells to differentiate into an IFNy-producing type 1 T cell subset. This
effect that infection had on T cell subset differentiation was observed even in RAG-1-deficient mice
where T cells are specific exclusively for OVA-peptide and no Lm-specific T cells are present (Fig. 1a).
These results suggest that T cells in Lm-infected mice differentiated predominantly into the type 1 subset.
In addition, the effect of infection may be mediated by APCs. This possibility was directly tested by
stimulating T cells of uninfected TCR-TG mice with APCs from Lm-infected mice (Fig. 1b). When
uninfected naive T cells were stimulated with infected APCs, the T cells shifted to the IFNy-producing
type 1 T cell subset. Therefore, it suggests that Lm-infection influences T cell differentiation through the
APC function.

Based on these observations, we thought that the intracellular pathogen Lm functions as an immune
response modulator and also as a good candidate for a vector to deliver a gene into mammalian cells to
modulate the acquired immune response (16,17). We constructed the plasmid for gene transfer into
mammalian cells using Lm. Lm is attenuated by introducing a gene (plyl18) which functions to lyse Lm

(18). The plyl118 gene is inserted with an actd gene promoter to lyse the bacteria during infection. Lm
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which carries cDNA coding for cytokines (Lm (cytokine)) delivered cDNA into mammalian cells by in
vitro infection as shown in Fig. 2. Cytokine production by Lm-infected cells was also tested using Cos7
and HepG2 cell lines. Although the amount of cytokine produced by these cells varied, the pattern of
cytokine producion was specific for those strains of Lm which were infected in vitro. These results
demonstrate that the gene manipulate Lm function to deliver gene into mammalian cells and induce
expression of the introduced gene.

We next tested whether these manipulated Lm can modulate immune response in vivo. To assess this
question, BALB/c mice were inoculated with Lm EGD strain (wild type), EGD carrying IL-12 p70 cDNA
in the hind leg 10 days prior to inoculation with L. major in the footpad of the same hind leg (Fig. 3). The
footpad swelling in the L. major susceptible strain BALB/c mice gradually increased, while that in the
resistant strain C57BL/6 peaked at 2.5 wk after infection and gradually diminished by 8 wk after infection.
The footpad swelling of BALB/c mice infected with EGD was suppressed at 6 wk after infection. The
peak magnitude of footpad swelling was suppressed in the susceptible strain BALB/c mice infected with
EGD carrying IL-12 ¢cDNA even when compared with the resistant strain C57BL/6. This state of
suppression still persisted at 5 wk after L. major infection. This result suggests that gene transfer by
attenuated Lm infection functions to modulate the host defense system against pathogen infection.

1t is known that Shigella, Listeria, Salmonella and Escherichia coli are able to act as gene delivery
vectors, Listeria is one of the most efficient at gene transfer among the facultative intracellular pathogens
(19). In this report used self-destroyed Lm as vector, up to 10% of Caco2 cells were transfected after
infection (data not shown). Specific cytokines production which were produced by transfected cell lines
varied in the different recipient cell and cytokines (Fig 2). In the same cell line, production of IL-4, IFNy,
and IL-10 were more abundant than that of IL-12. In several cell lines that were tested, epithelium cells
and hepatocytes were readily transfected, whereas transfection in macrophage cell lines were not efficient
(data not shown). This result was consistent with previous report (10,19).

We have shown that we established a gene transfer system with L. monocytogenes modulating
immune system to control the disease. This system may be used for the development of vaccines and
immunotherapy against other intracellular pathogens.

Note
This study was presented as a poster on The 32nd Annual Meeting of The Japanese Society for
Immunology
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