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PREFACE

　　　　　It　is　well　known　that　various　pathogens，　such　asβ剛08〃o　spp．，五競ε71α

〃10ηo（ツ’09θηθ5・　Cα塑ツ10わoo1θπプ乙1zム∫，・乙（ψ’o柳〃α　spP．，βz1ηyαvかz45，　and　7bκ（ηつ1α3〃2α

goη0114　cause　infbctious　abortion・They　infbct　to　various　livestock　including　cattle，　pig，

sheep，　and　goat，　and　inflict　severe　economical　damage　in　developing　countries．

However，　the　molecular　mechanisms　ofabortion　induced　by　infbction　remain　unknown．

To　clarify　the　mechanisms，　I　fbcused　on　B7〃oθ11ααわoπ〃3　and　L．溺o刀qy’og8〃ε3．　B．

αわoπ〃5is　gram　negative，　intracellular，　zoonotic　bacteria．　B．αわoπ〃5　survives　in　host

cells　by　means　ofability　to　inhibit　phagosome　and　lysosome　fUsion．五．肖ηoηoのノogθ麗3　is

gram　positive，　intracellular，　zoonotic　bacteria．ゐ．珊oηoのノ’ogε〃θ8　escapes　fセom

phagosome　to　survive　in　host　cel1．

　　　　　Heme　oxygenase（HO）is　the　enzyme　involved　in　heme　catabolism．　HO－l　is　an

inducible　isofbrm　produced　in　response　to　various　types　of　stress．　It　was　proposed　that

the　cyt・P・・tective　en・ym・HO　play・acrlti・a1・・1・in　g・a貸accept・nce川．　lt　wa・a1・・

reported　that　HO－l　ievels　at　the　materno－fbtal　interface　of　mice　undergoing　abortion　are

down　regulated［2，3］，　and　that　human　miscarriage　and　preeclampsia　are　associated　with
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diminished　placenta田O　levels［4，5］．　Moreover　Sollwedel　8ω1．　reported　that　induction

of　HO－l　by　HO－1　inducer，　cobalt－protoporphyrin（Co－PP），　prevented　fbtal　r句ection，　and

the　down－regulation　of　HO－l　by　zinc－protoporphyrin　increased　abortion［6］．

　　　　　Infもction　of．8．αわo〃〃5［7］orム〃70ηoのノ1098ηε3［8］，　induces　the　production　ofThl

cytokines，　such　as　IFN一γ，　TNF一α，　and　IL－6．　The　up－regulation　ofThl　cytokines　leads　to

偽tal　r句ection［9］，　while　high　levels　of　Th2　cytokines　are　associated　with　a　successfUI

pregnancy［10］．　Furthermore，　high　levels　of　Th　l　cytokines　accompanied　by　decreased

low　HO　levels　are　observed　in　r（jected　allografts［ll］．

　　　　　Taken　together，　these　find｝ngs　indicate　the　strong　relationship　between　HO－l　and

infbctious　abortion．　Based　on　these　backgrounds，　this　study　covers　the　fbllowing

suhlects：

1．Expression　of　heme　oxygenase－I　is　associated　with　abortion　caused　by　B膨6θ11α

　　αゐoπ〃5infbction　in　pregnant　mice

2．Protective　role　of　heme　oxygenase－l　in〃51θ〃α〃70ηoのノ’og8η65－induced　abortion
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CHAPTER　l

Expression　of　heme　oxygenase－1　is訊ssociated

　with　abortion　caused　by」B7〃c8〃ααゐoπ〃∫

　　　　　　　　infbction　in　pregn紐nt　mice
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INTRODUCTION

　　　　　Brucellosis　is　a　serious　debilitating　disease　in　humans　and　results　in　abortion　and

sterility　in　domestic　animals．　The　etiologlc　agents　of　brucellosis　areβ雁6ε〃αspp．，　small

gram－negative　and　facultative　intracellular　pathogens　that　can　multiply　within

profもssional　and　non－profもssional　phagocytes［12，13］．　In　contrast　to　other　intracellular

pathogens・Brucella　species　do　not　produce　exotoxins，　antiphagocytic　capsules　or　thick

cell　walls，　resistant　fbrms　or　fimbriae，　and　do　not　show　antigenic　variation［14］．　A　key

aspect　of　the　virulence　of　Brucella　is　its　ability　to　prolifbrate　within　profbssional　and

non－profbssional　phagocytic　host　cells，　thereby　successfhlly　bypassing　the　bactericidal

ef琵cts　of　phagocytes，　and　their　virulence　and　chronic　infbctions　are　thought　to　be　due　to

their　ability　to　avoid　the　killing　mechanisms　within　host　cells［15，16］．　Infbction　in

humans　is　almost　exclusively　due　to　zoonosis，　either　through　direct　contact　with

infbcted　animals　or　ffom　contaminated　dairy　products［17］．　The　mouse　model，

particularly　that　using　the　non－pregnant　mouse，　has　been　used　extensively　to　study　some

aspects　of　the　pathogenesis　of　brucellosis［18］．　While　brucellosis　is　known　to　primarily

affbct　the　reproductive　tract　in　the　natural　host　and　has　been　much　studied，　little　is

kn・wn・eg・・ding　the　cell・1・・and　m・1・cu1・・mech・ni・m・・f　B・ucell・in免・ti・n　in　th多

pregnant　mouse［19］．　The　infbctious　abortion　model　using　the　pregnant　mouse　is　a
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powerfUI　tool　fbr　investigating　the　mechanisms　of　Brucella　pathogenesis　and　in　our

previous　study　we　demonstrated　thatβ剛oε〃o　oわoπ〃3　causes　abortion　in　pregnant　mice

by　inoculating　bacteria　on　day　4．50f　gestation［7］．　We貸）und　that　there　was　a　higher

degree　of　bacterial　colonization　in　the　placenta　than　in　other　organs，　that　there　were

many　bacteria　in　trophoblast　giant（TG）cells　in　the　placenta　and　that　abortion　was　not

induced　in　an　intracellular　replication－defbctive　mutant．　Transient　interfヒron一γ（IFN一γ）

production　induced　by　infbction　with一β．αろ07’〃5　also　contributes　to　infbctious　abortion

and　its　neutralization　served　to　prevent　abortion．　Pregnancy　leads　to　a　generahzed

suppression　of　the　adaptive　immune　system，　typified　by　signiflcantly　decreased

cell－mediated　immunity　and　reduced　T　helper　cel1（Th）1responsiveness［9，20，211．This

immunosuppressed　state　prevents　maternal　r（jection　of　the　fbtus　but　has　the　unfbrtunate

consequence　of　increasing　maternal　susceptibihty　to　certain　infbctious　agents［22，23］．

lmmunity　againstβ．αろo〃〃5　is　principally　mediated　by　cellular　immune　responses　since

it　is　an　intracellular　pathogen，　and　involves　antigen－speciflc　T　cell　activation　of　CD4

and　CD8　T　cells　and　humoral　responses．　Protection　of　the　host　againstβ．αわo〃〃5

infセction　is　thought　to　be　mediated　primarily　by　a　Thl　type　of　immune　response　than　a

Th2　response［241．　For　many　other　intracel且ular　bacterial　and　protozoan　pathogens，　it

has　been　shown　that　lFN一γis　an　important　component　of　Thl　immune　responses　and
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contributes　to　control　through　its　ability　to　stimulate　macrophages　to　kill　more　microbes．

The　role　of　IFN一γin　the　control　of　B．αわoπ〃5　infヒctions　has　been　demonstrated　by

supplementing　BALB／c　mice　with　recombinant　IFN一γ，　when　such　treatment　resulted　in

alO－fbld　decrease董n　the　number　of　bacteria　at　l　week　after　infbction［25］．　lt　has　also

been　shown　that　neutralizing　endogenous　IFN一γ　by　administering　anti－IFN一γ

monoclonal　antibodies　results　ln　a　decrease　in　control［24］．　Despite　these　results，

however，　the　role　of　other　factors　in　abortion　induced　byβ．αわoπ〃5　infbction　in　the

pregnant　mouse　is　still　unknown．　In　the　present　study，　I　investigated　the　role　of　heme

oxygenase（HO）－l　in　abortion　induced　by一β．αゐor∫〃5　infbction　in　the　pregnant　mouse．

These　resuits　suggested　that　the　expression　of　HO－1　in　TG　cells　was　down－regulated　by

IFN一γtreatment　andβ．αわo〃〃5　infbction，　and　this　led　to　infbctious　abortion．
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RESULTS

Abortion　induced　by　B．αわoπ〃∫infbction　is　dependent　on　expression　of　HO－1　in　tLe

pl劉cent劉

　　　　Previous　studies　have　reported　the　presence　of　HO－hn　the　mammalian　placenta

and　postulated　a　protective　role　fbr　HO　during　pregnancy［3，6，26］．　To　investigate　the

role　of　HO－1　in　abortion　induced　by　β．　oわo〃〃5　infbction，　the　effbct　of

cobalt－protoporphyrin（Co－PP）on　infbctious　abortion　was　tested．　Treatment　with　Co－PR

which　is　known　to　up－regulate　HO－】expression，　had　a　positive　effbct　on　long－term　graft

acceptance［ll，27］and　helped　prevent　fbtal　r〔之iection　in　pregnant　mice［6］．　ln　a

previous　study［7］，　we　observed　thatβ．αわoπ〃5　infbction　induced　abortion．　In　the

present　study，　treatment　with　Co－PP　was　seen　to　inhibit　abortion　due　toβ．　oわoπ〃5

infbction　in　pregnant　mice　as　compared　with　non－treated　pregnant　mice（Fig．1A）．

However，　there　was　no　significant　diffbrence　between　mice　treated　with　Co－PP　and

non－treated　mice　as　regards　bacterial　growth　in　the　spieen（Fig．1B）．Tb　find　out　if

prevention　of　infヒctious　abortion　is　dependent　on　HO－l　expression　in　the　placenta，　its

amounts　in　the　placenta　were　determined　by　immunoblotting．10bserved　an　increase　in

HO－lin　the　placentas　of　uninfbcted　pregnant　mice　due　to　Co－PP　treatment（Fig．　IC）．
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Though　there　was　a　marked　decrease　in　the　amount　of　HO－I　in　the　placentas　of、8．

αわoπ〃5infbcted　pregnant　mice，　the　placentas　of　mice　in　which　abortion　had　been

prevented　by　Co－PP　treatment　had　greater　amounts　of　HO－1　in　the　placenta　than　mice　in

which　abortion　had　not　been　prevented　by　Co－PP　treatment（Fig．1C）．　These　results

suggest　that　abortion　induced　by　B．α150πz451nfbction　is　dependent　on　the　expression　of

HO－1　in　the　placenta．

1）ecrease　in　HO－1　expression　due　to」酵．αわ07伽∫infbction　in　trophobl紐st　giant　cells

　　　　　B．αわoπ〃5has　been　observed　to　specifically　infbct　trophoblast　giant（TG）cells　in

the　placentas　of　pregnant　mice「7。19］．　To　investigate　the　protective　role　of　HO－l　fUrther，

Iused　an加v’〃o　cell　culture　system　fbr　trophoblast　stem（TS）cells　and　TG　cells

diff6rentiated什om　TS　cells．　Replication　ofβ．αわ07伽3　in　TG　ceHs　was　conflrmed　by

nuorescence　microscopy（Fig．2C）．　Expression　of　HO－1　was　observed　in　TG　cells　and

this　was　decreased　byβ．αわoπ〃3　infbction（Fig．2A）．　Also，　up－regulation　of　HO－l

expression　was　observed　in　both　infbcted　and　uninfbcted　TG　cells　treated　with　Co－PP　in

aconcentration　dependent　manner（Fig．2A）．　However，　there　was　no　signiflcant

diffbrence　between　TG　cells　treated　with　Co－PP　and　non－treated　TG　cells　as　regards

intracellular　growth　of　bacteria（Fig．2B）．　Since　a　transient　increase　in　IFN一γbrought
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about　byβ．αわo腕’、写infbction　was　observed　to　promote　abortion　ln　pregnant　mice［7］，　I

investigated　the　effbct　of　IFN一γtreatment　on　HO－1　expression　in　TG　cells．　HO－l

expression　in　TG　cells　was　significantly　decreased　by　lFN一γ　treatment　in　a

concentration　dependent　manner，　and　this　down－regulation　of　HO－l　was　fUrther

enhanced　by　B．　oわoπz43　infbction（Fig．3）．

HO4　protects翫gainst　ce］l　death　due　to　B．αわoπ〃∫infbction

　　　　　Since　HO－l　has　been　reported　to　have　antiapoptotic　properties　［28，29］，　I

investigated　the　rate　ofcell　death　due　to　infbction　with　B．　oわoπ〃5．　To　examine　the　effbct

of　HO－10n　TG　cell　death，　I　reduced　the　amount　of　endogenous　HO－l　by　transfbcting

HO－1－speciflc　small　interfヒring　RNA（siRNA）duplexes　into　the　TG　cells．　Af㌃er　48　h　of

transfbction　with　HO－1－speciflc　siRNA，　the　expression　level　of　HO－l　was　no　Ionger

detectable，　but　was　not　affbcted　by　transfbction　withβ一actin　or　the　control　siRNA（Fig．

4C）．　Cell　death　was　not　observed　in　HO－1　knockdown　cells　created　using　siRNA，　IFN一γ

treated　cells，　or　no　treatment　cells（Fig．4A　and　B）．　Cell　death　was　also　not　observed　in

β．oわo〃粥infbcted　TG　cells　signiflcantly（Fig．4A　and　B）．　However，　infbction　of　B．

αわoπ〃5induced　celldeath　in　HO－l　knockdown　and　IFN一γtreated　TG　cells（Fig．4A　and

B）．
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DISCUSSION

　　　　　It　has　been　proposed　that　the　cytoprotective　enzyme　HO　plays　a　critical　role　in

graft　acceptance［11．　HO　is　the　rate－limiting　enzyme　in　heme　catabolism，　which

generates　f｝ee　iron，　biliverdin，　and　carbon　dioxide，　the　main　products　of　its　actiorl．

Biliverdin　is　converted　into　bilirubin　by　biliverdin　reductase．　Accumulation　of　fbee

heme，　which　is　toxic，　leads　to　tissue　inflammation　and　ir加ries［1，30，31］．　HO　is

therefbre　responsible，　at　least　in　part，　fbr　preventing　such　ir巾ries［1，30，31］．Among　the

three　identified　mammalian　HO　isofbrms，　HO－l　is　a　stress－responsive　protein，　which　is

implicated　in　antioxidant　defbnse　mechanisms　and　modulation　of　vascular　tone［31，32］．

Much　evidence　points　to　an　up－regulation　of　HO－l　allowing　the　acceptance　of　mouse

and　rat　allografts［33，34］，　while　its　down－regulation　or　absence　ls　directly　related　to

acute　graf㌃吻ection［29］．　It　has　been　reported　that　HO－11evels　at　the　materno－fbtal

interface　of　mice　undergoing　abortion　were　down　regulated［2，3］，　and　that　human

miscarriage　and　preeclampsia　were　associated　with　diminished　placental　HO　levels［4，

5］．In　this　study，　I　observed　that　expression　of　HO－l　was　associated　with　abortion

lnduced　by　B．αわoπ〃5　infbction．β．　oわoππ5　infbction　caused　down－regulation　of　HO－l

in　the　placenta　and　I　consider　this　to　be　one　reason　fbr　abortion　induced　by　bacteriaI
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infbction．　Sollwedelαα1．　reported　that　up－regulation　of　HO－l　by　Co－PP　during　the

implantation　window　could　prevent　abortion　in　mice［6］．　They　also　fbund　that　induction

of　HO－1　by　Co－PP　prevented　fdal　r（jection，　and　the　down－regulation　of　HO－l　by

zinc－protoporphyrin　increased　abortion　［6］．　In　the　present　study，　I　also　observed　that

induction　of　HO－1　by　Co－PP　prevented　abortion　induced　by　B．αわoκ〃5　infbction．

Previous　studies　have　reported　that　during　Pregnancy，　diffbrent　types　oftrophoblast　cells

are　lmportant　sources　of　HOs［3－5，35］and　participate　in　the　catabolism　of　the　heme

protein，　avoiding　accumulation　or　recirculation　of　f士ee　heme　which　could　be　extremely

toxic　fbr　the　mother　and　fbtus．　Down　regulation　of　HO－l　is　potentially　very　harmf田at

the　materno－fbtal　interface　since　Iarge　amounts　of　free　heme　readily　incorporate　into

endothelial　cells，1eading　to　oxidative　irjury　and　enhanced　adhesion　molecule

expression［30，36］，　and　allowing　migration　of　inflammatory　lymphocytes　into　the

materno－fbtal　interface　fbom　mice　undergoing　abortion［3］．　Therefbre，　up－regulatlon　of

HO－l　is　important　in　protection　against　infbctious　abortion．　HOs　are　expressed　in

cultured　human　trophoblast　cells［37］and　my　study　showed　that　HO－1　is　also　detected

in　cultured　murine　TG　cells．β．αわoπ〃5　infbcts　TG　cells　in　the　placenta　of　pregnant　mice

specifically［7，19］，　and　this　may　be　a　reason　fbr　the　down－regulation　of　HO－l

expression　in　placenta．　However，　the　mechanism　of　down　regulation　of　HO－l　in　TG
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cells　byβ．αゐθπ雄　infection　重・emains　unknown．　Though　the　Th1／Th2　cytokines

paradigm　proposes　that　the　up－regulation　of　proinflammatory　cytokines，　such　as　IFN一γ，

TNF一α，　and　IL－6，　would　lead　to　fdal　r（jection［9］，　high　leveis　of　Th2　cytokines　would

be　associated　with　a　successfUi　pregnancy［10］．　Further，　increased　Th　l　levels　associated

with　low　HO　levels　could　be　observed　in　r司ected　allografts［ll］．　The　results　in　this

study　showed　that　HO－l　expressed　in　TG　cells　was　down－regulated　by　IFN一γ，　and　that

the　effbct　of　this　cytokine　was　enhanced　byβ．　oわoz’〃5　infbction．　Thl　cytokines　may

therefbre　play　an　important　role　in　the　regulation　of　HO－l　expression　in　TG　cells．　HO－l

is　also　believed　to　have　antiapoptotic　and　tissue－protective　properties．　Induction　of

HO－l　expression　by　heme　protects　endothelial　cells　f卜om　TNF一α一mediated　apoptosis

［29，38］，but　the　mechanisms　by　which　HO－1　prevents　cells　f㌃om　undergoing　apoptosis

are　st川unclear．　Sinceβ．αゐoπ〃3　infbction　was　seen　to　induce　cell　death　in　HO－l

knockdown　or　lFN一γtreated　TG　ceHs，　HO－lexpression　in　TG　cells　would　be　associated

with　the　induction　of　TG　cell　death　byβ．　oわoπ㍑5　infbction．　TG　cell　death　in　the

placenta　woωd　be　induced　by　bacterial　infbction，　and　then　abortion　might　occuL

AIthough　the　immunological　mechanisms　that　govern　the　success　of　pregnancy　in

mammals　are　highly　complex　and　many　factors　shouid　participate　in　infbctious　abortion，

HO－1　may　be　a　putative　therapeutic　target　in　abortion　byβ．　oろoπ㍑5　inf6ction．
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MATERIALS　AND　METHODS

Bacterial　strain劉nd　mice

　　　　　β．αわoπ照544（ATCC23448），　a　smooth　virulent　B．αわoπ〃5　biovarl　strain，　was

used．　The　B．αわoπ〃5　strain　was　maintained　as　fセozen　glycerol　stocks　and　cultured　on

Brucella　broth（Becton　Dickinson）or　Brucella　broth　containing　l．5％agar［39］．　Six－to

ten－week－old　ICR　fbma】e　mice　were　individually　mated　to　6－to　l　O－week－01d　ICR　male

mice．　AIl　of　these　mice　were　obtained　f｝om　CLEA　Japan．　The　normal　gestational　time

倉）rthese　mice　is　lgdays　and　the　vaginal　plug　was　observed　on　day　O．50fgestation．

Virulence　in　pregnant　mice

　　　　　Groups　of　flve　pregnant　mice　were　infbcted　intraperitoneally　with　approximately

lO4　CFU・f　b・uce11a・in　O．l　ml・alin・with・・with・ut　C・－PP（5　mg／kg，　SIGMA）at　4．5

days　of　gestation［7］．　On　day　l　8．50f　gestation，　their　fbtuses，　placentas，　and　spleens　were

removed　and　homogenized　in　saline．　Tissue　homogenates　were　serially　diluted　with

PBS　and　plated　on　Brucella　agar　to　count　the　number　of　CFU　in　each　organ．　Fetuses

were　determined　to　be　a且ive　ifthere　was　a　heartbeat　and　dead　ifthere　was　no　heartbeat

［7］．The　animal　experiments　were　permitted　by　Animal　Research　Committee　of　Obihiro
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University　ofAgricu且ture　and　V6terinary　Medicine．

Cell　culture

　　　　Trophoblast　stem（TS）cells　were　cultured　in　TS　medium　in　the　presence　of　FGF4，

heparin　and　mouse　embryonic　fibroblast（MEF）－conditioned　medium　as　described

previously［40］．The　TS　medium　was　prepared　by　adding　20％fbtal　bovine　serum（FBS），

ImM　sodiumpyruvate，100　mMβ一mercaptoethanol，　and　2　mM　L－glutamineto　RPMI

l640．　To　induce　dif琵rentiation　to　trophoblast　giant（TG）cells，　the　cells　were　cultured　in

TS　medium　alone．　The　TG　cells　were　seeded（1－2×105　per　well）in　48　well　tissue

culture　plates　fbr　all　assays．

Efnciency　of　b劉cteri劉1　replic紐tion　within　cultured　cells

　　　　Bacterial　infbction　and　intraceliuiar　survival　assays　were　perfbrmed　according　to　a

modifled　version　ofthe　method　of　Kim　et　al［41］．B．　oゐoπ〃5　strains　were　deposited　onto

TG　cells　at　a　multiplicity　of　infbction（MOI）of　lOby　centrifUgation　at　l50×gfbr　lO

min　at　room　temperature．　Tb　measure　lntracellular　replication　efficiency，　the　infbcted

cells　were　incubated　at　37°C　fbr　30　min，　washed　once　with　TS　medium　and　then

incubated　with　TS　medium　containing　gentamicin（30　mg／ml）fbr　2，24，48　and　72　h．
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Next，　the　cells　were　washed　three　times　with　PBS　and　lysed　with　cold　distilled　wateL

CFU　values　were　determined　by　serial　diIution　on　BrucelIa　plates．　Percentage　protection

was　determined　by　dividing　the　number　of　bacteria　surviving　by　the　number　in　the

infbctious　inoculum．　Co－PP　or　recombinant　IFN一γ（Cedarlane　Laboratories）was　added

to　the　TS　medium　at　the　indicated　concentrations　l　2　h　befbre　infbction．

Immunoblotting

　　　　　Placenta　or　celI　lysates　were　separated　on　l2％polyacrylamide　gels　and

trans偽rred　to　a　PVDF　membrane，　which　was　incubated　fbrl　h　at　room　temperature　with

primary　antibody（anti－HO－1，Stressgen）in　5％skim　milk．　They　were　then　washed　three

tlmes　in　Tris　buffbred　saline（TBS）with　O．02％Tween　20，　incubated　fbr　30　min　with　a

horseradish　peroxidase（HRP）－cor瞬ugated　secondary　antibody　and　then　washed　again．

Immunoreactions　were　visualized　by　ECL（GE　Healthcare　Lifb　Sciences）．　Antibody　fbr

β一actln　was　purchased　ffom　SIGMA．

siRNA　experiment

　　　　　The　siRNA　duplexes　used　fbr　silencing　mouse　HO－1　（target　sequence：

AACAAGTAACATGGAATAATA），　　　and　　　β一actin　　　（target　　　sequence：
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CACTGACTTGAGACCAATAAA）and　AllStars『Negative　Control　siRNA　were

purchased　ffom　QIAGEN．　TG　cells　were　transiently　transfbcted　using　oligofbctamine

（lnvitrogen）with　or　without　a　final　concentration　of　l　O　nM　fbr　siRNAs．

Detection　of　cell　death

　　　　　Ce11　death　was　determined　by　means　of　a　JC－1　Mitochondrial　Membrane　Potential

Assay　Kit（Cayman　Chemical）according　to　the　instructions　of　the　manufacturer．

Mitochondrial　membrane　potential，　DJm，　is　an　important　parameter　of　mitochondrial

nlnction　used　as　an　indicator　of　cell　health．　Healthy　cells　with　a　high　mitochondrial

DJm　have　red　fluorescence　while　apoptotic　or　unhealthy　cells　have　a　low　DJm　and

green　fluorescence［42］．　Cell　death　was　confirmed　by　MEBSTAIN　Apoptosis　Kit　Direct

（MBL）according　to　the　instructions　ofthe　manufacturer．

St紐tiStiCal紐nalySiS

　　　　　AII　statistical　analysis　was　conducted　using　the　Student’s　t　test．
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Fig．1．　Abortion　prevented　by　tre訊tment　with　Co－PP

　　　Pregnant　mice　inoculated　with　or　without　Co－PP　were　infbcted　with．8．　oわo〃〃5．

The　figure　shows　birth　rate（A），　bacterial　growth　in　spleen（B），　and　expression　of　HO－1

in　immunoblotting（C）．

19



A

Co・PPconc．

　　　HO・1

β一actin

　　　　Uninfected

一●■●●●●

　　　　　　　Infected

＿＿＿輔鑓』

剣■臨o・●鱒伽

B

：⊃

Lo
oo

Fig．2．

6

5

4

3

2

1

一⊂｝一馳Co－PP＋

「△－Co－PP．

C

　　　　（A）Expressions

immunoblotting　in　TG　cells　treated　with　Co－PP（O

respectively）which　were　infbcted　with　or　without、8．αわoπ〃3．（B）Bacterial　growth　in

TG　cells　treated　with　or　without　Co－PP（22．5μg／ml）is　shown．（C）Bacterial　replication

in　TG　cells．8．αわo〃〃5　was　deposited　onto　TG　cells　which　were　then　incubated　fbr　48　h，

　　　　　　　2　　　　　24　　　　　48

　　　　　　　1ncubation　time（h）

Expression　of　HO－1　in　B．αゐoπ〃5　infbcted　TG　cells　pretreated　w油Co－PP

　　　　　　　　　　of　HO－l　andβ一actin（control）were　examined　by　means　of

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，0．75，2．25，750r　225μg／ml，
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fixed　and　stained　fbr　actin　filaments　with　Alexa　Fluor　594－phalloidin．　The　flgure　shown

GFP－expressed　bacteria（green）and　Alexa　Fluor　594　channel（red）merged　images．
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Fig．3．　Expression　of　HO－1　in　IFN一γtreated　TG　cells

　　　　IFN一γ（0，2．50r　75×103　units／ml）treated　TG　cells　were　infbcted　with　or　without

B．θδo〃〃3，and　then　the　expression　of　HO－l　andβ一actin（control）were　examined　by

means　ofi㎜unoblotting，
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Fig．4．　Expression　of　HO－1　corre1飢ed　with　TG　cell　death　due　toβ．αゐo”〃5

infCction

　　　　HO－1　depleted　and　IFN一γtreated　TG　cells　were　infbcted　with　or　without．8．

αわo薦，and　cell　death　was　dete㎜ined　using　a　JC－1　Mitochondrial　Membrane　Potential

Assay　Kit（A）and　MEBSTArN　Apoptosis　Kit　Direct（B）．　Quantitative　analysis　of　cell

death（A　and　B）．　One　hundred　TG　cells　per　coverslip　were　exalnined　to　dete㎜ine　the

total　number　of　llve　or　dead　TG　cells．　Data　are　the　average　of　triplicate　salnples　ffom
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three　identical　experilnents，　and　the　error　bars　represent　the　standard　deviation．

Statistically　signiflcant　dif琵rences　in　live　cell　numbers　between　TG　cells　depleted　in

HO－1（siRNA　HO－1）and　without　HO－1（siRNA　contro1），　and　IFN一γtreated　and

non－treated　TG　ceHs　are　indicated　by　asterisks（＊，1）＜0．Ol）．　TG　cells　were　treated　fbr

48hwith　siRNA　targeting　HO－1，received　no　treatment（no　treatment），　or　were　treated

wlth　siRNA　targetingβ一actin　or　the　control（QIAGEN　AIlStars　Negative　Control）（C）．

Expression　of　the　indicated　proteins　was　examined　by　means　of　immunoblotting．

β一actin　was　used　as　an　internal　control．
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CHPTER　2

Protective　role　of　heme　oxygen3se－l　in

L醜磁〃20〃o卿098〃85－induced段bortion



INTRODUCTION

　　　　　Listeriosis　is　caused　by　gram－positive　L競ε〃o脚oηo（γogε〃ε5．　in　humans，　this

pathogen　has　the　ability　to　cross　the　intestina1，　Placental，　and　blood－brain　barriers，

1eading　to　gastroenteritis，　maternofbtal　infbctions，　and　meningoencephalitis，　respectively．

Akey　fbature　ofthe　virulence　ofム〃70ηoのノ’og8η85　is　its　ability　to　avoid　the　killing

mechanisms　of　profbssional　and　non－profbssional　phagocytic　host　cells［43－46］．、乙．

襯oηoのノ’ogεη83　infbctions　in　humans　are　caused　mainly　by　irサectlon　of　contaminated

fbod，　such　as　daily　products，　raw　vegetables，　f置sh，　poultry，　processed　chicken，　and　beef

［47］．

　　　　　五．〃10ηo（ツ’09θηθ5induces　cell　death　1η「レ1〃o　and　1η「レ！vo　in　various　cell　types

including　hepatocytes［48］，1ymphocytes［49］，　and　dendritic　cells［50］．Cell　death

induced　byム珈oηoのノ1098ηε5　is　associated　with　listeriolysin　O，　a　pore－fbrming　toxin

that　allows　bacteria　to　Iyse　the　phagosomal　membrane　and　escape　into　the　cytoso1．

　　　　　In　a　previous　study，　I　investigated　abortion　induced　by　brucella　infbctions　and

demonstrated　that　it　was　associated　with　cell　death　ofplacental　immune　cells，　the

trophoblast　giant（TG）cells．　Furthermore，　I　fbund　that　heme　oxygenase（HO）－l

expression　inhibited　inf㌃）ctlous　abortions　1ηvlvで♪and　cell　death　1ηv1〃o［51］．　HO－l　plays
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akey　role　in　cytoprotection，　anti－oxidation，　and　anti－inHammation．　Most　ofthe

physiological　fUnctions　ofHO－l　are　associated　with　its　enzymatic　activity　in　heme

catabolism［52，53］．　In　humans，　HO－l　deflciency　is　associated　with　susceptibility　to

oxidative　stress　and　an　increased　pro－inflammatory　state，　leading　to　severe　endothelial

damage［54］．　Mice　lacking　HO－l　develop　progressive　inflammatory　disease［55］and

show　enhanced　lipopolysaccharide－induced　toxemia［56］．Although　the　protective

properties　of　HO－l　have　been　studied　using　various　inflammatory　models［57－62］，　the

molecular　mechanisms，　timing，　and　mode　of　HO－l　fUnction　during　disease　remains

largely　unknown．　HO－l　expression　ls　known　to　be　associated　with　B－cell

lymphoma－extra　large（Bcl－XL）expression［63］．　Bcl－XL　is　one　ofthe　several

anti－apoptotic　proteins　that　are　members　ofthe　Bcl－2　family［64］．

　　　　　五吻oηo（γogθη85　infbction　causes　abortion　in　pregnant　mice［65］．　However，　the

魚ctors　involved　in　abortion　induced　by　L．刑oηoのノ’ogθη85　infbction　ln　these　animals

remain　unknown．　In　the　present　study，　I　investigated　the　roles　ofthe　anti－apoptotic

魚ctors，　HO－l　and　Bcl－XL，　ln　abortion　induced　by五．脚o刀oのノ’ogθη63　infbction．　HO－1

and　Bcl－XL　expression　was　down－regulated　by五．脚oηoのノ’ogθηθ3　infbction　or　interfbron

（IFN）一γtreatment，　leading　to　infbctious　abortion．　HO－l　and　Bcl－XLoverexpression

suppressed　this　infもctious　abortion．　These　results　suggest　that　HO－I　and　Bc1－XL　play　a
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critical　role　in　the　control　of　infbctious　abortion　induced　by、乙．〃20η06ツ’09｛～η85．
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RESULTS

L．例o〃o（γog8π8∫infbction　decreased　HO－1紐nd　Bcl－XL　expression　in　TG　cells

　　　　　五〃10ηoのノ10gεηe5　has　been　shown　to　infbct　the　placenta　and　induce　cell　death加

v〃70and　1ηv∫vo［66－68］．　TG　cells　are　placental　immune　cells　existing　in　materna1－fbtaI

interface　and　these　cells　are　important　fbr　maintaining　pregnancy［69］．　In　a　previous

study，　I　demonstrated　that　HO－1　plays　a　role　in　inhibiting　cell　death　induced　byβ雁66〃α

αわoπ〃5infbction．　To　investigate　the　mechanisms　through　which　L．刑oηoのノ1ogθηε5

induces　cell　death　in　placenta，　I　measured　HO－l　expression　in　TG　cells．　HO－l　was

expressed　in　TG　ce董1s，　but　its　expression　decreased　on．乙．〃70ηo（ツ’098刀θ3　infbction（Fig．

lA）．　Furthermore，　HO－l　expression　was　enhanced　by　the　HO－l　inducer　cobalt

protoporphyrin（Co－PP），　in　a　concentration－dependent　manner（Fig．　IA）．　No　signiflcant

diffbrence　was　observed　in　intracellular　growth　of　bacteria　between　Co－PP－treated　and

non－treated　TG　cells（Fig．　l　B，　C）．　These　results　indicate　that五．〃20ηo（ッ∫og6ηθ5

infbction　decreases　HO－l　expression．　Tb　investigate　the　mechanism　of　HO－1，Bcl－XL

expression　was　analyzed（Fig．　l　A）．　Bcl－XL，　an　anti－apoptotic　protein　induced　by　HO－1，

belongs　to　the　Bcl－2　f吾mily［28，29］．　Bc1－XL　expression　was　enhanced　by　the　HO－l

inducer　Co－PP　and　decreased　byゐ．襯o〃oのノ’ogεηθ5　infbction　as　well　as　HO－1．
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Furthermore，　I　showed　that　this　reduction　in　expression　was　recovered　by　Co－PR

　　　　　Since　an　increase　in　IFIN一γdue　to五．吻oηo（γogeηe3　infbction　was　observed　to

promote　abortion　in　pregnant　mice［8］，　I　investigated　the　effbct　of　IFN一γtreatment　on

HO－l　and　Bcl－XLexpression　in　TG　cells．　HO－l　and　Bc1－XLexpression　in　TG　cells

decreased　signiflcantly　in　a　concentration－dependent　manner　on　treatment　with　IFN！γ，

with　the　down－regulation　being　enhanced　fUrther　by五．〃70ηoのノ1ogεηθ3　infbction（Fig．

2A）．

HO－1紐nd　Bc1－XL　protect訊g飢nst　ceH　death　induced　by－L．〃10〃o【ly’ρg8η85　infbction

　　　　　To　examine　whether　HO－1　and　Bc1－XL　inhibited　cell　death，　TG　cells　were

infbcted　with　L．珈o刀o（γog8ηe3　wlth　or　without　Co－PP　treatment　and　the　rate　ofcell

death　was　determined　measuring　mitochondrial　membrane　potential．　MitochondriaI

membrane　potential　has　been　used　as　an　indicator　of　ce11　death．　In　this　experimental

system，　cell　death　induced　cells　with　low　mitochondrial　membrane　potential　were

detected　as　unhealthy　cells（Fig．2B）．　Treatment　with　Co－PP　inhibited　cell　death　induced

by五．〃ωη（♪（ッ1098ηθ5　infbction　in　TG　cells　as　compared　with　untreated　TG　ceH．　In

contrast，　cell　death　induced　by　L．〃70刀o（ツ’098ηθ5　infbction　in　IFN一γ一treated　TG　ceHs

was　enhanced　compared　to　that　in　untreated　TG　ceIls（Fig．2B）．　Treatment　with
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cytochalasin　D，　which　is　known　to　inhibit五。襯oηoのノ’og8η85　internalization，　was　fbund

to　inhibit　the　death　ofTG　cells　by五脚oηoのノ’ogθ〃θ5　infbction　compared　with

non－treated　TG　cells（Fig．2B）．　These　results　indicate　that　internalization　of」L．

脚oηoのノ’ogε〃θ5　decreases　HO－1　and　Bcl－XL　expression　leading　to　enhancement　of　cell

death．

　　　　　Tb　confirm　the　effbct　of卜10－l　and　Bc1－XL　on　TG　cell　death　fbllowing　infbction

withム溺oηoのノ’ogθηθ5，　I　reduced　the　amount　of　endogenous　HO－l　and　Bc1－XL　by

transfbcting　HO－1－specific　small　interfbring　RNA（siRNA）duplexes　into　TG　cells．　After

48hoftransfbction　with　HO－1－specific　siRNA，　HO－l　and　Bcl－XL　expression　levels

were　no　longer　detectable，　but　were　not　affbcted　by　transfbction　withβ一actin　or　control

siRNA（Fig．3A）．　HO－l　or　Bcl－XL　knockdown　did　not　induce　ce1且death　in　TG　cells（Fig．

3C）．　Whileム〃20刀oのノ’ogθ麗3　infbction　resulted　in　a　slight　induction　of　cell　death　in　TG

cells，　HO－l　or　Bcl－XL　knockdown　enhanced　celI　death　in　infbcted　TG　cells（Fig．3C）．

Bc1－XL　overexpression　in　the　T－Rex　system　lnhibited　cell　death　compared　to　cells　not

expressing　the　protein（Fig．3C）．　There　was　no　signiflcant　diffbrence　in　bacterial　growth

between　transfbcted　and　non－transfbcted　TG　cells（Fig．3B）．　These　results　suggest　that

HO－l　and　Bc1－XL　play　critical　roles　in　the　inhibition　ofcell　death　induced　by五．

〃20ηoのノ’ogθη（～5　infbctions．
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Abortion　induced　by　L．〃20〃oq7’og8〃8∫infbction　is　dependent　on　HO4　and　Bc1－XL

expression　in　the　placenta

　　　　Previous　studies　have　reported　the　presence　of　HO－l　in　the　mammalian　placenta

and　postulated　that　it　has　a　protective　role　during　pregnancy［3，6，26］．　I　assume　that　the

inhibitory　action　of　HO－I　and　Bcl－XLon　cell　death　leads　to　a　successfUl　pregnancy．　To

examine　whether　HO－1　and　BcレXL　actually　block　abortion　induced　by　L．

石ηo刀o（γogθηε8　infbction，　I　measured　HO－l　and　Bcl－XL　expression　levels　in　the

placenta　of五脚oηoのノ’ogεη85－infbcted　mice．　Both　HO－l　and　Bcl－XL　were　expressed　in

the　placenta　of　mice，　with　levels　being　decreased　by五．吻oηoのノ’ogεηθ5　infbction（Fig．

4C）．　Moreover，　irOection　ofム脚ηo（ッ’og8ηθ5　with　Co－PP　restored　HO－l　and　Bc1－XL

expression　levels（Fig．4C）．　I　next　investigated　the　role　ofHO－l　and　Bcl－XL　expression

on　abortion　induced　byム〃zoηo（ツ’098ηθ5．　Infセction　of五．〃20ηo（ツ’098ηε8　induced

abortion　in　pregnant　mice（Fig．4A）．　HO－l　and　Bcl－XL　expression　induced　by　Co－PP

irjection　blocked　abortion　inム溺oηoのノ’ogθηε5－infbcted　mice（Fig．4C）．　There　was　no

significant　diffbrence　in　the　growth　ofbacteria　in　livers（Fig．4B）and　placenta（data　not

shown）between　Co－PP－treated　and　untreated　mice．　These　results　suggest　that　abortion

induced　byム切oηo（γogθηθ5　infbction　is　dependent　on　HO－1　and　Bcl－XL　expression　in
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the　placenta．
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DISCUSSION

　　　　　Heme　oxygenases（HOs）are　heme　catabolic　enzymes．　Heme　is　degraded　to

carbon　monoxide，　bHiverdin，　and　fbrrous　ion．　Biliverdin　is　converted　to　bilirubin，　which

is　believed　to　be　a　potent　anti－oxidant．　Three　isofbrms　of　HOs　have　been　identifled．

HO－l　is　an　inducible　isofbrm　produced　in　response　to　various　types　ofstress，　such　as

oxidative　stress，　heat　stress，　endotoxin　stress，　hypoxia，　heavy　metal　stress，　and　cytokine

stress［70］．　Furthermore，　HO－l　plays　a　role　in　cytoprotection，　anti－oxidation，

anti－inflammation，　and　graf℃acceptance［1，ll，27］．　HO－l　is　also　down－regulated　at　the

色tal　maternal　interf合ce　during　spontaneous　abortion　in　both　humans　and　mice［2，4，5，

26］．Up－regulation　of　HO－l　by　Co－PP　prevents　abortion，　whi且e　down－regulation　by　zinc

protoporphyr董n　increases　the　chances　of　abortion［6］．　It　has　been　reported　that　during

pregnancy，　all　placental　cell　types　are　positive　fbr　HOs　and　that　diffbrent　types　of

trophoblast　cells　are　important　sources　ofthese　enzymes［3－5，35］．As　I　anticipated，

HO－l　was　associated　with　infbctious　abortion．　It　is　well　known　that　various　pathogens，

such　as・8π〃cθ〃αspP．，．乙〃20ηo（ツ’09θηθ5，五印∫oΨかo　spP．，β〃η乏〕ノαv17zム∫，　and　7わκ（ηフ1α5〃2α

goη4／1，　cause　infbctious　abortion．　However，　the　mechanisms　responsible　fbr　infbctious

abortion　remain　unclear．　Previously，　I　reported　that　HO－l　was　associated　with　abortion
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induced　byβ．　oわoア’〃5　infbction．β．　oわoア伽5　are　gram－negative，　intracellular，　and

zoonotic　bacteria　that　cause　down－regulation　of　HO－l　in　the　placenta　leading　to　abortion．

However，　it　remains　unclear　whether　HO－l　is　a　common　regulator　fbr　abortion　induced

by　various　pathogens．　ln　this　study，　I　used　gram－positive，　intracellular，　and　zoonotic　L．

襯oηoのノ’ogθηe5　to　examine　this　possibility．

　　　　　In　order　to　investigate　the　detailed　mechanisms　of　infbctious　abortion　induced　by

ム襯oηoのノ1ogθηε5J　studied　TG　cells’ηv1かo．　TG　cells　are　immunocompetent　cells

present　in　the　placenta［71－73］and　play　a　critical　role　in　implantation　and　pregnancy［69，

71］．HO－I　expression　in　TG　cells　was　decreased　by　L．辮o〃oのノ’ogθ刀ε5　infもction（Fig．

IA）and　treatment　with　IF一N一γ（Fig．2A）．　Furthermore，　it　is　well　known　that　IFN一γis

induced　by五襯oηoの・1ogεηe5　infbction　in　mice［8］and　there　is　evidence　that　Thl

cytokines，　such　as　IFN一γinhibit　HO－I　expression　resulting　in　allograft　r（jection［ll］．

These　results　indicate　that　Th　I　cytokines　induced　by一乙．〃20ηoρy’ogθ1ηθ3　infもction　control

HO－l　expression．

　　　　　Although　HO－l　appears　to　play　a　critical　role　in　the　control　of　infbctious　abolオion，

the　mechanisms　ofthis　control　remain　unclear．　I　fbcused　on　Bc1－XL　since　HO－l

enhances　the　expression　ofthis　anti－apoptotic　protein［63］．　I　fbund　that　Bcl－XL

expression　was　enhanced　by　a　HO－l　inducer，　Co－PP（Figs．　l　A，4A）and　fUrthermore　that
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Bc1－XL　overexpression　prevented　cell　death　induced　by五．　zηo〃oのノ’ogθηe5　infもction

（Fig．3C）．　These　results　suggest　that　Bc1－XL　is　a　key　factor　that　protects　placenta　cells

倉om　ir巾ry　induced　byム〃？oηoの7’ogeηθ5　infヒction，　thereby　resulting　in　successfUl

P「egnancy・

　　　　　Ialso　observed　that　HO－l　and　Bcl－XL　expression　was　down－regulated　in　the

placenta　of　pregnant　mice　by五．脚oηo（ッ10gεηθ5　infbction（Fig．4A），　while　it　was

up－regulated　by　Co－PP　and　inhibited　infbctious　abortion（Fig．4B）．　These　results　suggest

that　HO－1　and　Bcl－XL　have　critical　roles　against　infbctious　abortion　induced　by　L．

〃70η0（ッ’og（～ηθ5．

　　　　　Although　HO－l　and　Bcl－XL　play　an　important　role　to　protect　cells　fセom　cell　death，

it　is　still　unknown　how　HO－l　and　Bcl－XL　inhibit　cell　death　induced　by五．

〃70ηoのノ’09〔～η（ヲ5infbction．　Caspase－9　is　an　apoptotic　protein　and　its　activation　is

inhibited　by　Bci－XL［74］．　lnTG　cells，　however，　L．〃70ηo（γogθηθ5　infbction　failed　to

induce　caspase－9　activation（data　not　shown）．　These　results　may　indicate　that　L．

溺oηoのノ’ogθηε5　induces　cell　death　trough　alternative　pathways　involved　with　Bcl－XL．

　　　　　ln　humans，　it　was　reported　that五．切oηo（γogθη65　infbcts　extravillous　trophoblasts

（EVTs），　and　spreads　across　maternal－fbtal　barrier［75］．卜lowever，　there　is　less

infbrmation　about　molecular　mechanisms　by　which五．柳oηoC匪ogθ肥5　passes
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maternal－fbtus　barrier　Since　trophoblast　cells　such　as　EVTs　in　human　or　TG　cells　in

mouse　exists　in　materna1－fbtal　interface，　down　regulation　of　HO－l　and　Bcl－XL　leading

to　enhancement　of　cell　death　may　be　a　key　event　fbr五．〃70ηoのノ10gθηε3　to　spread　across

the　barrieL

　　　　　In　conclusion，　these　results　indicate　that　down－regulation　of　HO－l　induced　by

various　pathogens　may　be　a　key　event　in　infbctious　abortion。　Antimicrobial　drugs　are

usually　used　in　the　treatment　of　listeriosis．　However，　an　increasing　number　of

multidrug－resistantム脚oηoのノ∫og8ηε8　have　been　reported［76，77］．　It　is　noteworthy　that

the　HO－I　inducer　Co－PP　suppressed　abortion　induced　by五．溺o刀o（ッ∫ogθ肥3．　Therefbre，

HO－l　has　potential　as　a　putative　therapeutic　target　in　infbctious　abortion．
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MATERIALS　AND　METHODS

Bacteria且strains

　　　　ム切oηo（γog8ηε5　EGD　was　maintained　as　a　fセozen　glycerol　stock　and　cultured　in

brain　heart　infUsion（BHI）broth（Becton　Dickinson）or　on　BHI　broth　containing　l．5％

aga「・

Cell　culture

　　　　　Mouse　trophoblast　stem（TS）cell　line　was　gifted　fbom　DL　Tanaka［44，49］．TS

cells　were　cultured　in　TS　medium　in　the　presence　offlbroblast　growth　factor－4，　heparin，

and　mouse　embryonic　fibroblast－conditioned　medium　as　described　previously［40］．The

TS　medium　was　prepared　by　adding　20％fbtal　bovine　serum，　l　mM　sodium　pyruvate，

100μMβ一mercaptoethanol，　and　2　mM　L－glutamine　to　RPMI　l　640．　To　induce

diffbrentiation　to　TG　cells，　the　cells　were　cultured　in　TS　medium　alone　fbr　3　days　at

37°Cin　a　CO2　incubatoL　The　cells　were　then　seeded　in　a　48－well（1－2×105　per　wel1）

・・a12－w・11（4－8・105　P・・w・ll）tissue　cultu・e　plat・．
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Immunoblotting

　　　　　The　protein　samples　were　separated　on　a　I　5％polyacrylamide　gel　and　transfbrred

to　a　polyvinylidene　difluoride　membrane，　which　was　incubated　fbr　l　6　h　at　4°C　with

anti－HO－1　rabbit　polyclonal　antibody（Stressgen）or　anti－Bcl－XL　rabbit　polyclonal

antibody（Cell　Signaling　Technology）at　a　dilution　of　l：50000r　I：1000　in　5％skim　milk．

The　membrane　was　washed　three　times　in　Tris－buffbred　saline　with　O．02％Tween　20
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

incubated　fbr　30　min　with　O．Olμg／ml　horseradish　peroxidase－cor巾gated　secondary

antibody，　and　washed　again．　The　immunoreactlons　were　visualized　using　the　enhanced

chemiluminescence　detection　system（GE　Healthcare　Lifb　Science）．　Theβ一actin

antibody　was　purchased行om　Sigma．

Emciency　of　bacterial　replication　within　cultured　cells

　　　　　五．〃70ηoのノ’og8ηε5　strains　were　deposited　onto　TG　cells　at　a　multiplicity　of

infbction（MOI）of　l　O　by　centrifUgation　at　l　50×gfbr　l　O　min　at　room　temperature．　Tb

measure　the　intracellular　replication　efficiency，　the　infbcted　cells　were　incubated　at

37°Cfbr　30　min，　washed　once　with　TS　medium，　and　then　incubated　in　TS　medium

contalnlng　gentamlcln（50μg／m1）fbr　O．5，2，6，　and　12h．　The　cells　were　washed　three

times　with　phosphate－buffヒred　saline（PBS）and　lysed　with　cold　disti11ed　wateL　Colony
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fbrming　unit（CFU）was　determined　by　serial　dilution　on　BHI　agar　plates．　Cytochalasin

D（Wako），　recombinant　IFN一γ（Cedarlane　Laboratories）or　Co－PP　was　added　to　the　TS

medium　at　the　indicated　concentrations　2，16，　and　24　h　befbre　infbction．

Immunofluorescence　microscopy

　　　　　Bacteria　were　deposited　onto　TG　cells　grown　on　coverslips　by　centrifUgation　at

l50×gfbr　5　min　at　room　temperature　and　were　then　incubated　at　37°C　fbr　30　min．

The　samples　were　washed　twice　with　PBS　and　fixed　with　4％parafbrmaldehyde　in　PBS

fbr　30　min　at　room　temperature，　washed　three　times　with　PBS，　and　incubated

successively　three　times　fbr　5　min　in　blocking　buffbr（5％bovine　serum　albumin　in

PBS）at　room　temperature．　The　samples　were　permeabilized　in　O．2％Triton　X－100　and

washed　three　times　with　PBS，　fbllowed　by　treatment　with　5μg／ml　anti一五．

〃20刀ocツ’098ηθ5　polyclonal　rabbit　antibody（Viro　Stat）diluted　in　blocking　buffbr　to

identify　intracellular　bacteria．　Af㌃er　incubation　fbr　l　h　at　37°C，　the　samples　were

washed　three　times　fbr　5　min　with　blocking　buffbr，　stained　with　FITC－labeled　goat

anti－rabbit　IgG（0．Olμg／m1，　Chemicon）in　blocking　buffbr，　and　incubated　fbr　l　h　at

37°C．Fluorescent　images　were　obtained　using　a　FluoView　FVIOO　confbcal　laser

scannlng　m且croscope（Olympus）．
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Expression　of　recombin紐nt　protein

　　　　Total　RNA　was　isolated倉om　TG　cells　using　the　RNA　Purification　Kit（Qiagen），

and　the　purified　RNA　samples　were　stored　at－30°C　until　use．　RNA　was　quantified　by

absorption　at　260　nm　using　the　SmartSpec　3000　spectrophotometer（Bio－Rad）．　RT－PCR

was　perfbrmed　usiりg　Superscript　II　Kit（lnvitrogen）．　The　primers　used　fbr　mouse

Bcl－XL　ampliflcation　were　5’－ATGTCTCAGAGCAACCGGG　AG－3’and　5’－

TCACTTCCGACTGAAGAGTGA－3「．　Tb　express　BcI－XL　in　TG　cells，　amplifled　DNA

encoding　Bcl－XL　fセom　TG　cells　in　RT－PCR　was　cloned　into　the　pcDNA4／TO　vector　of

the　TLRex　System（Invitrogen）．　pcDNA4／TO－Bcl－XL　was　transfbcted　into　TG　cells

using　the　FuGENE　6　Transfbction　Reagent（Roche）at　a　flnal　concentration　of　l．2

μ9／m1．

siRNA　experiment

　　　　siRNA　duplexes　used　fbr　silencing　mouse　HO－1（target　sequence：

CAGCCACACAGCACTATGTAA）and　Bc1－XL（target　sequence：

AAAGTGCAGTTCAGTAArAAA）and　AllStars　Negative　Control　siRNA　were

purchased　fセom　QIAGEN．　TG　cells　were　transfbcted　transiently　using　the

X－tremeGENE　siRNA　Transfbction　Reagent（Roche）with　or　without　a　final
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concentration　of　lOnM　fbr　siRNAs．

Determination　ofcell　death

　　　　Cell　death　was　dctermincd　using　the　JC－1　Mitochondrial　Membrane　Potential

Assay　Kit（Cayman　Chemical）according　to　the　manufacturer’s　instructions．

Mitochondrial　membrane　potentia1，　DJm，　an　important　parameter　of　mitochondrial

fUnction、　is　used　as　an　indicator　ofcell　health．　Healthy　cells　have　a　high　mitochondriaI

DJm　and　red　fluorescence，　while　apoptotic　or　unhealthy　cells　have　a　low　DJm　and　green

fluorescence［42］．

Mice

　　　　Six　to　10－week－01d　BALB／c　fbmale　mice　were　mated　individually　to　6－to

10－week－old　BALB／c　male　mice．　The　parent　mice　were　obtained　f卜om　Kyudo　Co．，　Ltd．．

Vaginal　plug　was　observed　at　day　O50f　gestation．　The　normal　gestational　time　fbr　these

mice　is　19days．

Virulence　in　pregn訊nt　mice

　　　　Groups　offive　pregnant　mice　were　infbcted　intravenously　at　13．5　days　of
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gestation　with　approximately　105　ceHs　of五．〃70ηoのノ’ogεη85　in　O．l　ml　saline　with　or

without　Co－PP（5　mg／kg，　Sigma）．　On　day　l　650f　gestation，　their　livers　were　removed

and　homogenized　in　saline．　The　tissue　homogenates　were　serially　diluted　with　PBS　and

plated　on　BHI　agar　plates　to　estimate　the　number　of　CFU．　Fetuses　were　classifled　as

alive　ifthere　was　a　heartbeat　and　as　dead　ifthere　was　no　heartbeat．　The　animal

experlments　were　approved　by　the　Animal　Research　Committee　ofYamaguchi

University（permit　number：141）．

Statistical　analyses

　　　　　Statistical　analyses　were　perfbrmed　using　Studelltりs　t　test．　StatisticaUy　significant

diffbrences　compared　with　the　controls　are　indicated　by　asterisks（＊，1）＜0．05）．　Data　are

expressed　as　the　mean　oftriplicate　samples　fセom　three　identical　experiments，　and　the

error　bars　represent　the　standard　deviations．
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Fig．1．Decreased　HO－l　and　Bcl－XL　expression　in　TG　ce11s　infected　with」乙．

〃10〃0（ッ’og8〃8∫・

　　　　（A）TG　cclls　were　first　treatcd　with　Co－PP　and　then　infbcted　with五．

脚oηo（γog8ηε＆The　infbcted　cells　were　cultured　in　50μg／ml　ofgentamicin．　After　6　h，

HO－l　and　Bcl－XL　expression　was　analyzed　by　immunoblotting．　A　representative

immunoblot　ofthree　independent　expenments　is　shown．（B）TG　cells　were　treated　with

Co－PP　and　thcn　infected　withム〃70〃oこッ’og例ε3．　The　infbcted　cells　were　cultured　in　50

μg／ml　of　gentamicin．　Aftcr　O．5，2，　and　6　h　incubatlon，　thc　lnfbctcd　cclls　wcre　washed
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with　PBS　and　lysed　with　cold　distilled　water．　CFU　were　determined　by　serial　dilution

on　BHI　agar　plates．（C）ム襯oηoのノ’ogεη85　was　deposited　on　TG　cells　by　centrifUgation

at　l　50×g　fbr　l　O　min　at　room　temperature，　incubated　fbr　6　h，　flxed，　and　stained．　The

行gure　shows　FlTC－1abeled　bacteria（green）and　Alexa　FIuor　594－labeled　actin　filaments

（red）merged　images．　The　Iefトhand　panel　shows　untreated　cells，　the　center　panel　Co－PP

（9μg／ml）treated　cells，　and　the　right－hand　panel，　cytochalasin　D－treated　cells．
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Fig・2・Induction　of　cel艮death　by　L．〃20〃o（ツ’09β〃8∫infection

　　　　（A）TG　cells　were　treated　with　IFN一γ（0，300，　and　l，000　units／m1）fbr　24　h　and

inf6cted　with五．刑oηo（γogθηθ5　fbr　6　h．　HO－1　and　Bcl－XL　expression　in　TG　cells　was

analyzed　by　immunoblotting．　A　representative　immunoblot　ofthree　independent

experiments　is　shown．（B）Cell　death　was　determined　using　the　JC－l　Mitochondrial

Membrane　Potential　Assay　Kit．　One　hundred　TG　cells　per　coverslip　were　examined　to
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determine　the　total　number　of　live　or　dead　cells．　All　values　represent　the　average　and　the

standard　deviation　ofthree　identical　experiments．　Statistically　signiflcant　diff¢rences

compared　with　the　control　are　indicated　by　asterisks（＊，1）＜0．05）．
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Fig．3．　Prevention　of　cell　death　by　HO－1　and　Bcl－XL　expression

　　（A）TG　cells　were　treated　fbr　48　h　with　either　siRNA　targeting　HO－1，Bcl－XL，　or

control　siRNA（QIAGEN　AIIStars　Negative　Control）．　Bcl－xL　overexpression　was

achicvcd　by　transfbcting　thc　ccUs　with　pcDNA4／TO－Bcl－XL　HO－land　Bcl－XL

cxpression　was　monitorcd　by　immunoblotting．β一actin　was　used　as　an　intemal　controL　A
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representative　immunoblot　ofthree　independent　cxperiments　is　shown．（B）TG　cells

were　infbcted　with五．溺oηoのノ’ogθηθ5．　The　infbcted　cells　were　cuitured　with　media

containing　50μg／ml　gentamicin　fbr　2，6，　and　l　2　h．　The　cells　were　then　washed　with

PBS　and　lysed　with　cold　distilled　water．　CFU　was　determined　by　serial　dilution　on　B田

agar　plates．　All　values　represent　the　average　and　the　standard　deviation　ofthree　identical

experiments．（C）Cell　death　was　determined　using　the　JC－1　Mitochondrial　Membrane

Potential　Assay　Kit．　One　hundred　TG　cells　per　coverslip　were　examined　to　determine

the　total　number　of　live　or　dead　ceHs．　AII　values　represent　the　average　and　the　standard

deviation　ofthree　identical　experiments．　Statistically　signiflcant　diffbrences　compared

with　the　control　are　indicated　by　asterisks（＊，1）〈0．05）．
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Fig．4．　Prevention　of　infbctious　abortion　by　HO－1　and　Bc1－XL　expression

　　　（A）Pregnant　mice　were　infbcted　with　l　O5　cells　of．乙．刀？oηo（2戸ogθ1？851n　O．lml　of

saline　at　day　l　350fpregnancy　with　or　without　Co－PP　trcatmcnt（5　mg／kg）．　At　day　l　6．5，
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the　placentas，　fbtuses，　and　livers　were　removed．　HO－l　and　Bcl－XL　expression　in　the

placenta　was　analyzed　by　immunoblotting．　A　representative　immunoblot　ofthree

independent　experiments　is　shown．（B）Survival　rates　were　determined　by　the　presence

or　absence　of　a　heartbeat　in　the　fbtuses．（C）Livers　were　homogenized　in　saline　and

diluted　with　PBS．　CFU　was　determined　by　plating　the　diluted　samples　on　BHI　agar

Plate．
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CONCI．USION

　　　　　In　this　study，　I　demonstrated　that　HO－l　played　an　important　role

infbctious　abortion　caused　byβ．αわoπzム∫or　j乙。〃70ηoのノ’098ηε5．

1n　preventlng

　　　　　There　are　a　lot　of　pathogens　that　cause　infbctious　abortion　in　animals　including

human．　However，　it　is　little　known　about　molecular　mechanisms　of　infbctious　abortion．

Tb　clarifンthe　mechanisms　of　infbctious　abortion　caused　by　bacteria，　I　fbcused　on

typical　two　types　of　bacteria，　gram　negative（β，　oわ0ア’Z48）and　gram　positive（L．

溺oηo（γogθηθ8）bacteria．　B．　oわoπ〃5　is　a　gram　negative　bacterium，　and　it　survives　in

host　cell　by　inhibiting　fUsion　of　phagosome　and　lysosome．ゐ．〃20ηo（γogθηε3　is　a　gram

positive　bacterium，　and　it　survives　in　host　cell　by　escape　fセom　phagosome．

　　　　　In　chapter　l，Ishowed　that　HO－l　expression　avoided　the　abortion　byβ．αわoπ〃8

in免・ti・n・ln・h・pter　2・ld・m・n・t・at・d　th・t　HO－1・xp・essi・n・upP・essed　the　ab・賃i・n　by

L．吻oηoのノ’ogθηθ8　infbction．　These　results　may　suggest　that　HO－l　plays　an　important

role　in　preventing　infbctious　abortion　caused　by　various　types　of　bacteria．　In　addition，

administration　of　HO－l　inducer　prevented　infbctious　abortion．

　　　　Although　HO－l　expression　prevented　infbctious　abortion，　bacterial　replications
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were　not　inhibited　by　HO－l　expression．　Since　Eα60π〃5　and五．吻oηoのノ’ogθηθ3　are

intracellular　pathogens　which　can　replicate　inside　of　host　cells，　it　is　difficult　to　eliminate

and　control　them　using　antibiotics．　In　addition，　an　increasing　number　of

mし11tidrug－resistant　bacteria　have　been　reported．　Therefbre，　alternative　approaches　other

than　antibiotics　are　necessary　to　control　infヒctious　diseases　including　abortion．

　　　　　Overall，　my　results　strongly　suggest　that　HO－l　is　a　key　molecule　in　controlllng

infbctious　abortion　and　a　putative　therapeutic　target．　Although　more　detail　investigation

should　be　done，　the　HO－l　inducer　would　be　a　universal　therapeutic　agent　against

abortion　caused　by　various　pathogens．
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