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3.今後の研究計画

本実験は、弱毒化リステリア菌が動物細胞に遺伝子を導入するためのベクター

として用いて使用できることが明らかになった。今後、リステリア菌の病原性

を完全、かつ遺伝子導入の効率を上がる方法を捜索することが必要であると考

える。また、今回構築した遺伝子を用いて、感染症のみならず、免疫系の異常

でおきる種々の疾患の動物モデルを用いる、治療実験を行う予定である。

4.指導責任者の意見

溶華君は、極めて熱心に研究に打ち込み、当初の目的をある程度達成するこ

とができたと思う。リステリア菌をベクターとして用いて、宿主の免疫応答を

制御する試みでは、特定の病原体に感受性のマウス系統を、感染抵抗性にシフ

トすることが可能であることを示し、その効率の向上のため種々の試みを継続

している。経口感染可能なリステリア菌の作出を試みているが、未だ成功して

いない。しかしこの過程をとおして多くの分子生物学的手法を学んだと思う。

さらに、教室が現在もっとも力を入れて解析している、宿主免疫応答を制御す

る病原体遺伝子の同定には、積極的に関与し、自らも種々の解析手法等を学ん

だと思う。この間の研究に対する態度は極めて熱心で、また、研究者としての

優れた資質を感じさせます。今後何らかの形で、経済的支援が得られればと考

えています。

指導責任者氏名後計苓博、(寄

5.研究報告書

別紙「研究報告書の作成についてjにより、指定の用紙で作成し添付して下さい。

研究発表中または研究中のスナップ写真を添付して下さい。
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Abstract 

We showed that intracytoplasmic infection by Listeria monocyωgenes (Lm) influ巴ncesthe T cell 

differentiation pro回ssand resulted in dominance of the type 1 T ce11 subset， and proposed a two-step T 

ce11 differentiation pathway during pathog巴ninfection. Base on this study， w巴establish巴da nov巴1method 

for Lm-mediated gene transfi巴rinto mammalian田l1sto manipulate the immun巴responseof the host 

during infection by pathogens. We demonstrate that th巴genemanipulated Lm containing a s巴lf-destroying

gene functions as a possible carrier for gene transduction into mammalian host cells. 

Key words gene transfer， Listel匂 moncytogenes，type 1 T ce11 subset， pathogen infection， immune 

r巴sponse

Introduction 

T helper C百1)cells are divided into two subsets according to the set of cytokines that th巴yproduce. 

乃pe1 T ce11s which produce IFNy play an important role in the c1earance of intrace11ular pathogens， 

whereas可pe2 T ce11s which produce ir出rleukin(IL) -4 eliminate extrac巴11ularones. Shift to one of 

these two subsets from precursor can determine the outcome of the diseases in many intraceIIular 

pathogens infection， such as leishmaniasis. During Leishmania major (L. m司or)infection， resistant 

C57BU6 mic巴 developprotective Th1 responses that control infection， on the contrary， susceptible 

BALB/c mice fail to control infection due ωan aberrant Th2 response (1). Cytokines present at the 

initiation of the immune respons巴atthe stage of ligation of the T ce11 antigen receptorσCR) d巴termine

the type 1 or type 2 T ce11 diffl巴rentiationfrom the precursor. It is known that巴ffectiveprimary immunity 

against L.major requires IL-12・dependentproduction of 1開・ yfrom Th1 ce11s (2，3). On the other hand， 

some oth巴rcytokines， such as IL・4and IL-10， act as candidat巴thatinduce Th2 cells (4・6).After infected 

with L. major， the early production of IL・4in susceptible BALB/c limits the ability to induce a protective 

Th1 response (5). Treatment with recombinant IL・12(rIL-12) in the early stagl巴 ofinfection shows 

protective e百ectin BALB/c mice infect巴dwith 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 t巴chniqueusing intracellular bacteria for DNA transfer into mammalian host cells was 

performed successfully (6)， which provides not only an e任巴ctivemethod to study the immune res凹nse

but also therapy to many kinds of diseases. Attenuated strains of intracellular bacteria are ideal candidates 

which can d巴liverplasmids 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 st巴psof the infectious pro田ss:Internalization 

by nonprofessional phagocytic cells is often mediated by internalins， of which Internalin A and B are the 

best characterized (η. Upon entry into the cells， Listeria be∞m巴engulfedwithin a vacuole. Hemolysin in 

combination with phospholipases is largely r巴sponsedfor mediating escape from the vacuole to cytosol 

(8). Once in th巴 cytosol，bacteria multiply. Intracytoplasmic bactria are immediat巴lysurrounded by a 

cloud composed of actin filaments and us巴 theforce generated by actin polimerization to move 

intracellularly and th巴nspread 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 

巴ndolysincould deliver functional plasmids DNA into the cell (10). 

In the pres巴ntstudy， we estabIished a Lm-mediated gene transfer system which can transfers IL-12， 

IL-4， IFNy， and IL-10 cDNA into mamrnaIian host cells. With this system w巴investigatedthe T cell 

differentiation in th巴murinemodel of cutaneous Iishmaniasis. 

Matel"Ials and methods 

cDNA: 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. Go巴belTheodor-Bov巴r-Institutfur 

Biowisenschaften， Wurzburg， Germany and Dr. M. J Loessner， Institut Fur Mikrobiologie， Technische 

Universitat Muchen， Freising， Germany. 

Mice: OVA-peptide-specific TCR TG mic巴 wereoriginally developed by Dr. D. Loh. Mice and their 

littermates were reared under specific pathogen free conditions in the animal faciIity of Ehime University 

School of Medicine. BALB/c and C57BU6 mic巴werepurchas巴dfrom Charles River Japan (Yokohama， 

Japan). All mice were used in accordance with th巴institutionalguides 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 d巴scribed(11)， and were stimulated in vitro with T cell depleted splenic APC from 
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uninfected-and Lm・infectedsyngeneic BALB/c mice in th巴presenceof l!lM sp巴cificOVA p巴ptides.

C巴lIswere collected and washed， and re-stimulated with APCs and homologous antigen for 2 days. 

Amounts of IL・4and IFNy in the culture supernatant were d巴t巴rminedby ELISAassay (12-1の.

Exprimetal infections in vivo and Pathogens: Listeria Monocytogenes (EGD strain) was provid巴dby Dr. 

P. Cossart， Past巴urInstitute， paris， France and 2x103 of bacteria were inoculated intraperitoneally. 

in vitro infection with Lm: For in vitro infection of splenic APCs with Lm， T cell depleted spleen c巴lIs

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 mic巴.For gene transfer by 

Lm， cultured cell lines were inf，巴ctedwith gene manipulat吋 LmIn vitro at MOI of 5:1 for 1h and 

follow巴dby巴xtensivewashing and cultivation for 2 days. The expression of the transferred gene was 

detect巴deith巴rby f1uoresc巴ncemicroscopy or ELISA. 

Results and Discussion 

W巴us巴dOVA-peptide specific T cell receptor transgenic (TCR-TG) mice (15) and the intracellular 

infl巴ctiouspathogen Lm to evaluate the effect of pathogenic infection. When T cells of uninfected TCR-

TG rnice were stimulated with a sp巴cificantigen and antigen presenting cells (APC) in vitro， the cells 

differentiated predominantly into an IL-4-produci暗 type2 T cell subset σig. 1a). In contrast， Lm-

infection app聞記dto stimulate T cells to diffl巴rentiateinto an IFNy-producing type 1 T cell subset. This 

e妊'ectthat infection had on T cell subset differentiation was observed even in RAG-1-deficient mice 

wher巴Tcells are specific exclusively for OVA-peptide and no Lm-specific T cells are present (Fig. 1の.

These results suggest that T cells in Lm・infl巴ctedmice differentiated predominantly into the typ巴1subset. 

In addition， the effect of infection may b巴mediatedby 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 sugg巴ststhat Lm-infection influences T cell di百'erentiationthrough the 

APC function. 

Bas巴don these obs巴rvations，w巴thoughtthat the intracellular pathogen Lm functions as an immun巴

r巴sponsemodulator and also as a good candidate for a vector to deliv巴ra gen巴intomammalian 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やか118)which functions to lyse Lm 

(18).百lepか118gene is inserted with an actA gene promoter to lyse the bacteria during inf，巴ction.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 c巴llswas also test巴dusing Cos7 

and H巴pG2ce11 lines. Although the amount of cytokin巴producedby these ceIJs varied， the pattem of 

cytokir】eproducion was specific for those strains of Lm which were infected ill vitro. Th巴s巴results

demonstrate that the gene manipulate Lm function to deliver gene into mammalian ceIIs and induce 

expression of the introduced gene. 

We next tested wh巴therthes巴manipulatedLm can modulate immun巴responsein vivo. To ass巴ssthis 

qu巴stion，BALB/c mice wer巴inoculatedwith 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 

foゅtpadswelling in the L. major susc巴ptibl巴 strainBALB/c mice gradually increased， while that in the 

resistant strain C57BU6 p巴akedat 2.5 wk aft巴rinfection and gradua11y diminished by 8 wk aft巴rinfection. 

The footpad swelling of BALB/c mice infected with EGD was suppr巴ssedat 6 wk after infection. The 

peak magnitude of footpad sw巴llingwas suppressed in the susceptible strain BALB/c mice infected with 

EGD carrying IL・12cDNA even when ∞mpared with the resistant strain C57BU6. This state of 

suppression stiIl p巴rsistedat 5 wk after L. major infection. This result suggests that g巴netransfer by 

attenuated Lm infection functions to moduJate the host defense syst巴magainst pathogen infection. 

It is known that Shigella， Listeria， Salmollella and Escherichia coli are able to act as g巴nedelivery 

vectoIS. Listeria is one of the most巴fficientat gene transfer among the facultative intrace11ular pathogens 

(19). In this report used self-d巴stroyedLm as vector， up to 10% of Cac02 cells were transfected after 

infection (data not shown). Specific cytokines production which were produced by transfected c巴11lin巴s

varied in the d出er巴ntrecipient ce11 and cytokines (Fig 2). In the same cellline， production of IL-4， 1刊 y，

and IL-10 were more abundant than that of IL・12.In several cell Jines that were tested， epithelium cells 

and hepatocytes were r巴adilytransfected， whereas transfection in macrophage c巴IIlines were not e出cient

(data not shown). This result was consistent with previous report (10，19). 

We have shown that we established a gene transfer system with L. mOllocytogenes modulating 

immun巴systemto control th巴dis巴ase.This system may be used for the d巴velopmentof 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 

ImmunoJogy 
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