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MDPLIMT %, BTENICHE D EEAR~DBRA
2 &dt, FREREEC, EEAATIMEHEZHEELHE
OEREPMHLCH/MBERMAOEFEHBETLLESIC
Bbhz, FOL U THEMY LR T R
BILBITZ2EELE O *f~—f\’-—-k&éﬁIﬁET§th‘$)%or
G S 52 MDP1 DIEHZ L OICHRIREE 238 Y, &K
FREL R DRSS o,

X .73

Aoki K, Matsumoto S, Kobayashi K, et al.: Extracellular myco-
bacterial DNA-binding protein 1 participates in Mycobacterium-
lung epithelial cell interaction through hyaluronic acid. T Biol
Chem. in press, 2004.

3. BEOFBELBREBEIETI2E8BY I MO OESR

FIRKERE LR MR RN A S FREREZAST JII L g%

FHEIIH T AMHAEO T AR GETH L
CiEMmoNETH L, T, Mosmann H 2 L 5
Th1-Th2/%5 ¥ 4 A OF LK, MltkREONFILL
DHThHA F AL ThHHIZELEL Iy ADE
LATWwWZ EZATHAE, L LahsHEERIZIL,
THARAERLDE FOREBRFEIREICSITASIFN-y O
REARME L TN Ho 2z —ADOIFETIL,
b MRMIMEIR, H2WiEinvip TH{EsRw2 0
7r—VEHCWTERBEICHTAREERIINT2
IFN-y OB RIS, EBL2vD, LLAIHER
TEE5LOMEFHRNILY, LEALAEIIL-T,
IFN-y ZHERIMEFIERZRIL, 2ODIZIFN-
y 2 FLEALEVEAPRESA, ZOL3 28N
TRABERMMIAT 2REMNELOTAEL TS
ZENPELPIZENTELY, ZOIZ EH 6L IFN-y
i, v ADHAL LT MoBWT RO
L REPEESYS r AL 2 ThHhRI AR
7zo FIRERESR, IL-REFARBEOCENTL HK
anTwnie,

A+ HEDORNIS, 4 DO IFN-y YA FH A
¥, ThbbIl-12, IL-18, IL-23, FLTCIL27ARE
shte bebENKHRBHEEFLE LTRBEE:
IL-126%, ThiMiROSEFERELSWTLHRZYA 2
A Y THEIENRALRTVEY, —K, IL1813Eh
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HThiRE OS2 BH LG 2V, IL-12 2 HHENIC
AT ETIORGEREMICTGES L2 24K
HahY, L L, £HICLoTIRILI8A T2 ¥4
A4 YOEEICLEETAEOREbALRDL LI
Y, FOERARYHEZ R TWL L BEETHS
ZEHTFHENTWES, it TRRSAAIL-23
LIL-276, IL-R2EMkEATO v —iEER LT
Vido IL23F IL-12p40 F AT L, IL-12p35 &k ® T Y
—RFTARPIOLATONA T — 2R T 5% —F
IL-274%, & 4 IL-12p40, p35& k€0 ¥V—%2H T 5
EBI3, p28il & » T ST w3, 1L-23, IL-271d,
FHAAEY-THRB LA —7THRICERL
IEN-y BEAE % 35T 200, £ DEMIEEICIE T R
ELE L, BESHRZEILETAITRIE VTSR
DENEELLV, T, TPTNROSETHMRERT
Efd AFARF L (OPN) A IL-120EEFH R
fiTartogErirshiEAshTws, OPNER{ET
K (KO) v AW TIIBCGR T AT I T
REODEAFHEENATV S,

bhvbhul, SEFRATY AL ACTEES S
BTAEEThIEY A P AL Y OREEFT LT
Lo IFN-y KO (GKO) ¥ 7 R, IFN-y &#3 A b4 >
O F T IL-12p40, IL-1841 {5 F % B 3 (IL-12p40K0,
IL-18K0) F 7z XM F§i2 &3 (double KO 1 DKO) L7z
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Fig. 1 Effect of Thl-related cytokine deficiency on M. tuberculosis infection
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Fig.2 IL-12,1IL-18 and IL-23-independent IFN-y synthesis after infection with M. tuberculosis

VAEHCTHEBRRIIN T bRtk s kL e T
%, IL-18KO<IL-12p40KO<DKO< GKO O If ¢ %5 4 &Y
(WD) =& R HARIRBH O LA BB S 17 (Fig. 1)
m, ZOZEHSH, IFN-y Bl ML 0P T
ILRERSEETH), IL1SOFEITIL- 1215
EBRELTELEL%13 4w, T2, DKOT 7 AR
GKOY ALY bEBERRIH LTI ERBETH-
2z EHS, IL-12, IL-18, IL-231RKTF L W iRgphf
BHEOTFEFER SN, E512, BERREON, I,
FEBE, MRS IFN-y % ELISAIC TS L2 L =

5, R, MTIEIDKOT Y ATHELALELNAD
bifz (Fig. 2A). F7=, R EHOEWEH S RNA
ZHH L, RT-PCREEICT IFN-y mRNADRBE % F7:
5, M BB THL AL RIAIHE I R (e
2B}, ThOEDIRER, HFHREIDE S 2 WIL2,
IL-18, TL-231Z4KFF L 2\ IFN-y OEA B L ORI
BT ET A ERRLTWE, 2O EII—HLT,
DKOV 7 A TA LN EBMREEROEIEE THINOS
mRNA DRHH & CBRLIERMEIL FN- ¢ 1233 2510
HAORGIZ L o THRICIH S iz IFN-y BEAEHR
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Fig.3 Role of Thl-related cytokines in host defense to M. tuberculosis

oW TRFRLHLPTIEEZ WS, DKOT 7 AT
IL-12p40K0 7 7 R & [ #%1C PPDAF SR 00 7 TIMIRE A &
CHMTE oz bdhh, HGREMRBIDL L
AUHARGEABIEE LTV ATEREEEZ TWDY,
bhbhid CD4 BEMRIEFHICHETHI L ER
FTF—5EFBTEY, BAREONAICEWTIOMN
HMIFN-y EEIZHAbLo TR D EERL TS, &
LiZik, TODKOY Y7 ATOIFN-y BEAED X UFERRK
Pt I TNF- e B S IC L o THRIZIM S A2 S
& A &, TNF-a AYIL-12, IL-18, IL-23IT4EFF L e v
IFN-y B4, L THHERBRICE L Twa I & d
e = (ARSI
chivofEtsHobhbhOEBRERLFLE
12, REZAONAMBCHT S ThHRTFHEREHE
EREII VT Y =< ELDTRT (Fig. 3)o #it4
Rt (T B M A & TL-12, IL-18D & 5 7 IFN-y 5
B4 A4 rPEEEShTIHOBERENETSN
LA, BEEHMIIRIAGOHL P AL VIIEST
NK, NKT, ydTHI®D L) RBERREY ¥ SBRL LD
IFN-y B w207 7= VIZL 2 NOEA LR
HEEETAEEZ OGNS, IL-2ZIDRFNIDW TR
BATIHFRThHDI, TNHOEBIIMAT, BEHL
BRI & B S LD TNF- « ¥ naive CD4 IR
WCYERLTIFN-y BEATH AT IBBOFEED FHS
N5, IL-2712 naive THIRLACFER LT IFN-y EA N
THLOBENDY, COEBRICHELTVwIEERD
D, COLHEBMICIEF I AL =LA L
T, WL 0ARMICHEREIL Ty DL
Eibhd, SHRUEINOOBES S LIIFMIIHLY

2T A2, EOEBEOREVT ZF 2 BRMOH
BRI T Z EMPMfFEENE,

X 23

1)} Rook GAW, Sttele J, Fraher L, et al.: Vitamin D3, gamma
interferon, and control of proliferation of Mycobacterium
tuberculosis by human monocytes. Immunology. 1986 ; 57 :
159-163. )

2} Rook GAW, Tavermne J, Leveton C, et al. : The role of
gamma-interferon, vitamin D3 metabolites and tumor
necrosis factor in the pathogenesis of tuberculosis. Immuno-
logy. 1987 ; 62 : 229-234,

3) Denis M: Killing of Mycobacterium tuberculosis within
human monocytes : activation by cytckines and calcitriol.
Clin Exp Immunol. 1991 ; 84 : 200-206.

4) Newport MY, Huxley CM, Huston S, et al.: A mutation in
the interferon-gamma-receptor gene and susceptibility to
mycobacterial infection. N Engl J Med. 1996 ; 335 : 1941-
1949.

5) Jouanguy E, Altare F, Lamhamedi S, et al.: Interferon-
gamma-receptor deficiency in an infant with fatal bacille
Calmette-Guerin infection. N Engl J Med. 1996; 335: 1956—
1961,

6) Ottenhoff TH, Kumararatne D, Casanova JL: Novel human
immunodeficiencies reveal the essential role of type-1
cytokines in immunity to intracellular bacteria. Immunol
Today. 19985 19 : 491-494.

7} Trinchieri G: Interleukin-12 and the regulation of innate
resistance and adaptive immunity. Nat Rev Immunotl. 2003 ;
3:133-146.

8) Nakanishi K, Yoshimoto T, Tsutsui H, et al.: Interleukin-18
regulates both Thl and Th2 responses. Annu Rev Immunol.
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2001 ; 19 : 423-474.

0) Brombacher F, Kastelein RA, Alber G: Novel IL-12 family
members shed light on the orchestration of Thl responses.
Trends Immunol. 2003 ; 24 : 207212

10) Oppmann B, Lesley R, Blom B, et al.: Novel pl9 protein
engages [1.-12p40 to form a cytokine, 1L.-23, with biological
activities similar as well as distinct from IL-12. Immunity.
2000; 13 : 715-725.

11) PRanz S, Timans JC, Cheung J, et al.: IL-27, a heterodimeric
cytokine composed of EBI3 and p28 protein, induces
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proliferation of naive CD4 (+) T cellé. Immunity. 2002 ;
16: 779-790.

12} Kinjo Y, Kawakami K, Uezu K, et al.: Contribution of IL-
18 to Thl response and host defense against infection by
Mycobacterium tuberculosis ; a comparative study with IL-
12p40. ] Immunok. 2002 ; 169 : 323-329.

13) Kawakami K, Kinjo Y, Uezu K, et al.: Interferon-gamma
production and host protective response against Mycobac-
terium tuberculosis in mice lacking both IL-12p40 and
IL-18. Microbes Infect. 2004 ; 6 : 339-349.

4. BEBEICED T Y1 bhA U EEOEREREDT

R RS REET AR A REEY  H AL

Ui

MRS AERTHLEREE, TOMBRERT TS
% mannose-capped lipoarabinomannan %>, B & 5 G 2 4%
HL-BERSERH LT 207 7=V EERET S
SR FOMBRICBATAI EATEDY MEA
RRALZEEIE, 77TV -2 Y- LAORE
¢ET Az LTI - YOMBAREETA
=L, MBMATHMET S, ¥R, BRI
#113 (DC) L@ DC-SIGN %4 LT ¥ 7+ M EHilRNIZ
(E2L, BENCREIHOBHRG MRS A S =
ZaBeHAsIERHSHCSATED, Zhbidvwih
b B0 persistent infection KX W54 5 MER A F v 7Th
LHEZEZHLILAHY,

— T, R IZ R T Y a8y MEtEY B Y,
BB OB TIE Thi ML L E LRtk
HEMEIND, TOREHHEIED THROSLE,
DCHBWIITru7 r— VI I ARBROBIE LT
FROORBIGRIEIRFET B2 225, BBREDSE
HAEEL, BEARTEFELIY ETI8EMIIIHL
T, DCRR I T 7 —IHED LS REFTELET
ZOPEFFUALTHLPIITAIER, HEICHT
BRI TR T A ) ATHE TR H Do

2rTERTIE, chETRBORTZMRALE, B
MEEOFRIIBITLRBEMHAD Thi A P A A VEE
OEEHRE, TOBFMHrbIERERTFIZOVWTE
b,

R PAMBENIC B 2RO IFN-y X
BHEDERM

M bovis BCG R =™ AIZB s €L L, HRFRDY
IFN-y B4 M DB TR B R S h, JOTHE

ALk 2 EVBIBRENRRY 5. —F, BCGR
Wow oy ARRELSGEICE, SHRETHLNDLIT
AR IFN-y A TR OFRZD N, B
WEELRELEWY LAL, BCGRERETVAD
BEARRSIE, BRIy ARRMIAL & REREL LR AIEIS
HLTHVIL2EEBEERL, BEMBERLZE
#THILHETED, ChOORFIL, BCGREHBRE
T B R ThI BN A S h B8, RRREIHtE %
1S TEROSLEIICIERIC L 2HUPTTRTD
D, AHRBCHLTOABE SN, RENMNOTEER
BISEIFET I EETTEOTH 5,

TOTHEROF BN A B ALEYAL AL VE
HEOLRVTEFLAEZS, ThAROSMEIIHS T
% IFN-y ODEEFEWHBTHED SR, FHHH
HTREHLNENI Edbh ok, TOIPN-y ZH
HemiY A & RS THROSHIEESh A
b, RBEVBICEASISIFN-y X THARO S
HM, a0 BRIERLRYERLTIL
HRahi,

RO IFN- y EEFHMF

Fo 27 b — MR THR L MRS AR (PEC)
% BCGERTHSMT A E, IFN-y BANEREI NS,
TOEBRRICEEFAL AL T ARAEMAT
IFN-y BERE 2 #<7, TOKE, HIL-2AKB L
U IL- 18 HEARDIBINIZ X ) IFN-y BEMAIR ST
Lithd ol $7:, BE#H~<sO7 77—V % BCG
S THB L7, 112 pd0 B LU IL- 18 DEENED
Bdohtz. L L, IFN-y BREOERIZD oG Do
Fro CRGOHBREBITIRITOEBEMENTIAT
BCGAEHICL B IFN-y EABHBE LI LD L,
BCGAERiw /a7y — YR MMULTIL- 28 LT
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IL-ISEAEZFEHL, Tho¥ 4 b4 rOfEe S
THEIINKHBATIFN-y 2 EET B = Ldthdois,

EAE, =207 7 — ¥R DC_LE O Toll-like receptor
(TLR) BEWENP, 20oHOHBOERLICEEL
FHERLLTVALIENHLNISATYS, B
Tid, £TOXELARERSITHILIVRTSY/ v+
YR, TAARTTFVRAL IV =NV F, 19
kDa):RF iy, S50 BAEEEEETED TLR
2RTLRAGFFINEhEfchasz B HhItER
TWHY~7N, £ZC, BCGERMRT ThIEIY A 3
4 YEEFLIIINS TLRFFVFMEST20F0E2H
~ZEMT, TLR/ v 779 79X PECHBCGAEN
RBIIWT 2494 M A4 CEEBRETIEN L. F04
B, EETYAPECIIH®ELT, TLR2 v 272 b
YV APECTIIIFN-y BI U IL-12 p0 BT EA Y
AHLNY, BCGERTHE I N B IFN-y BEAEFLIC
TLR2 PELA ST A EMNFESI R, $6i2, 20
TLR2 DM 5 % MET S0, TLR2 #RHE T % HEK
20340 % BCG THIB L, NF-« BOIEHLEHL1,
HEK293#lfa % BCGEBE THIM L TL NF-«BOiGH#
fLizAB s L doiod%, TLR2%HDIL 7 HEK 29341
RT3 BCG AW R B, M\ NF-xBOERILHHH
SNz, TOZEHs, BCGHEFNMENIL-2B LT
IL-1I8EAICR~Z7O07 7Y O TLR2GFHEESR
el E R L, TLR2IZE DRI NS BCGHIEEF
A%, BAAEEIE) THROMEEHIZAT R ThE b
Eirohis,

BCG E LJUBRKEHRR IL-12E4FHRAT

INETORN,S, BCGEBEIZIE IFN- 4 FHiK
ST TLR2V A Y FAELEL, ZOBCGRTN
Pif a8 THRROGEEEIIATRTH L EER
Lifze T/, BCGIEW D IFN-y BEEFREEAEWIC
HELTELBHWIED S, ZORFITEEMERS
Tidh{, HOMBHIEWEASh LIRS TH BTN
BEZ LN, T2 Thbhbhit, BCCREOFTWE
SIZEEBEL, FOYAL ML VEESFHFEELETL
2o BCGTw2 U 77— Y% fiB UGG, EHkan
fRIZiEnT A P A YEENEDONDZ ED S,
IR O BCG % sonon i b C24BFRIEEE L, B o6 N
7o LT & BRILA @ T L T culture filtrate 2 3R L 720
CDOHAL AL VEEAFRERERSET A, L2
pAOFEABRERIED SN, —F, RO ETH
B L 7-FE B D culture filtrate 121X F OSSR
Ldrol. 265, TOA A4 rEEZNENG
BCG 73 T { B HF D culture filtrate {2 H 2D &
h, ¥5AEW culture filtrate CTLR 2 % 3 L 7= HEK 293
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MR ERIBIL s & A, NF-« BOIERILSE NS A,
INOLDHERDS, BCCHI2VIREBEORIE L
HPIETh A 5WEFFERRRCHEL I NS IFN-
y BELRET2b0LELONA, T/, ZoEfkl
W@ IL-12 p40 BE 4 5 HEPEI, proteinase KL & 2
VIZIMBAEIZ L DX LT LA Edb, BCGR
HUHEPEETLS VA RAFHCOESESES -k
AREN. N FOXLTREL b AT AEHOTS
OHFOFHERAANELIE, W orORBYESHH
Lo 2O H, BIBWIEHRIE, Ne FoFrss
A MATHITEFEL, SFFIE100 kDa Bh E @ B A
ELTFESUCHESICHEET A EATRI N8 61T,
Z D50 IL-12 p40 A FHTEYE I proteinase KALTEIZ
IHERFELAZEDS, TOEPIZETNEFESY »
237 AT BCG R 45 A% 00 B My i @ IFN-  FE A 25512 1
SFARELRFTCHLEZL OGN,

¥ & B

BCG R4 B W31 4 5 B M 2 458 o0 3 38 12 13 AR S 20 10
WHEASHSIFN-y PEELZEHERZL TS, &
DA ML YEEZRTIOZF— Y EDTLR2S
FHEEL, BN F > FEZBLTHA b AL VB
ELEXTFRT L, bhbhEMorol s 2EF
ZOWA A4 YEEFRIBET IO oWTRF
24TV, BCGB I UEBEE RO LEhIzHELET
HGWES PN RTHEFDHRMERETIEERL
2o BBEECOBATFORBLRAATVEY, IFN-y EE®D
BRCRIOIL-2 p0EEFERFUMAIC L ET 4
M52 LARBENTHY, 5% S 6 IR 2D,
INHORTEZEEL TR OY A b A 4 VEES
BOAHZZLOEKEFALPIILTWLTFETH
b

X L3

1} Aderem A, Underhill DM: Mechanism of phagocytosis in
macrophages. Ann Rev Immunol. 1999 ; 17 : 593-623.

2} Geijtenbeek TBH, Van Vliet SJ, Koppel EA, et al.: Myco-
bacteria target DC-SIGN to suppress dendritic cell function.
JExp Med. 2003 ; 197 : 7-17.

3) Kawamura I, Tsukada H, Yoshikawa H, et al.: IFN-y -
producing ability as a possible marker for the protective T
cells against Mycobacterium bovis BCG in mice. J Immunol.
1992 ; 148 : 2887-2893,

4) Means TK, Lien E, Yoshimura A, et al.; The CD14 ligands
lipoarabinomannan and lipopolysaccharide differ in their
requirement for Toll-like receptors. J Immunol. 1999 ; 163 ;
6748-6755.

5) Jones BW, Means TK, Heldwein KA, et al.: Different Toll-
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like receptor agonists induce distinct macrophage responses.
J Leukoc Biol. 2001 ; 69 : 1036—1044,

6) Brightbill HD, Libraty DH, Knutzik SR, et al.: Host defense

mechanisms triggered by microbial lipoproteins through
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Toll-like receptors. Science. 1999 ; 285 : 732-736.

7} Means TK, Wang S, Lien E, et al.: Human Toll-like receptors
mediate cellular activation by Mycobacterium tuberculosis. ]
Immunol. 1999 ; 163 : 3920~3927.

5. -7 7 F - DR EFFE

BT R ABLR BRI T S s B vy — BRI R vy —ERRS AE 26

EE BCGINLMAGRETY 7+ ThoHL
WDNATZF )3 ¥F FBCGI 7 F U 2RB
L 7z (1) IL-12 DNA+HSP65 DNA (HVI-liposome %
Zy—)DITIFIEBCG LD L I00EMA LT
DrFrTHAILERHRICETIICHGMILE. 2
DI ZFAIF T TOFLERMU 2, BERARE
FREMAV, EVEY FORTHEEEREWHEMAREL Y
BRI HEERETHSRES2MR L. (2) IL6 MM
FOrF L IRNREMET I F v THI I EETDHTR
L7:e (3) & MAERNIEERIERTT T 7V SCID-
PBLAu Z 1O THIE L. (4) & FOEEERREFL
KR =F L L2 HY, D HSPES DNA+IL-12
DNATZZF ¥, @Iy MTABCGT ¥ 7,
Q@MUBME T v Ry 2 F DRI REMTET 25>
BEEEL. SHIIETEEE, EaPRiZEsoch
72. (5) WHO STOP TB VACCINE MEETING : 2004 4£
I WHO LD & » 13— (258 iFh, HSP65 DNA+IL-12
DNAZ 27 F iR EbDTEHVWEME ST

BUSHE

WEZICHROAODIHO | B EORYE Z
i, TR LEE0NTAOEBEEENELL, 200
FADVBEMBTREECL TS, BRKOBRBED | 2T
HD, 1998, RECDCEH L FACETIZH o
DFVRROLEERRE L, LA LAY, BCG
AL BERET 2 F Y IFCRTHBRRIGMIZRE > Tw
v, bRbNIZBCGI N LRI PIZHEDLEHRLY
DNA 7 7 ¥ » [Hsp65 DNA+IL-12 DNA] &) 2 v ¥+
¥ FBCGT 2 F ¥ {Ua ¥ty FT2A BCGL, H72
2y NI 7S ORBICRI LI (Table 1) "9, Th
HOMERELDLIL, FLVWEET 2 F AL, &
iz 2 T3,

FHEEER

(1) #8727 F O
DODNAT 25>, @ Fazv bI2Fy, @Yo
YEF Y MBCGT ¥ (BHLEHBE ST KR

Ehpo-9, 29 2ATRBCGT 7 F R IXBNITHER
TAFLWEET 2 F i3 EbdTAE W (Table 1),
(2) DNAY 2+~

bbb AT IL-12 DNA+HSP6S DNAD 7 7 F ¥ HH]
FeHRETL, HVI-V RV — A F 720, gene gun % ]
WIRETIRSTBCGL D L AT L (#1100
) MBETH I s F rTHBIEF BALBAT T ADR
TH ML (Fig Ao 72 F Y HIRE, $5— T4
1% Thi RO LB L S IFN- 5, IL-2, IL6DEA%
MEmTaZkitkoTRAESALV -, BBEREAA
SHLITHIMS BEEMHRE L, IFN-y ODELTX
F—iEEEME L7 ZOHER, VIFrBREFS—
EEIE RIILAMAZED LR (Fig B)e 612, $#H
BASRRTELHV, ELEY PORTLHE, B, Mot
BHH BRI Y AR EBRRETFHIRERL
AR

BB, SFTOAAVAY ¥ — X0 10008 RILF
ALV AAV(2/5)/HSP6S DNA T 7 F » % R IZH8R 1T
TIERIL 7=,

(3) BT o+

T A WA & — AL 2 IL-6 BT
(IL-6 gene+1L-6 L & 7 ¥ — gene+gp130 gene) i3 BCG
LN LMALIERET I F R ERLL (Table 1) IL-6
MEGHET 7 7 F ik, BI85 — THIRD
FAEBETIL2B L IEN-y DELFREWMHL
(Table 1) 13,

(YW Ty bI7F>

72f fusion EH (Mrb 39 & Mtb 32 ® fusionFH) 7 7 F
¥+BCG Tokyo7 7 F VFIBBENI =7 A FLT
BCG LW b @A LETFH 77+ v HRERTILEHG
242 L7z (Table 1, Table 2). b PO EHIMEHSEESR
invire R THLRAE T AW T THRAEEILSE (IFN-y,
1L-2, IL-64BE%183) AR L Ao v2,

(5) YavyE+rFBCGT I F >

PNN; ¥+ b7 ¥ —% Hv, BAS] (Ag85SA + Ag
85B + MPBS1) U 2 ¥+~ b (NBCGR T2 BE ¥ »
S DDNAZHA L2 BCGOERIZHRIIL, #EH
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Table 1 The development of novel vaccines against tuberculosis

(1) DNA vaccine
HV] liposome/HSP65 DNA +IL-12 DNA

(2) Recombinant BCG vaccine
@ recombinant 72f BCG

(@ recombinant (Ag85A+ 858 +MPB51) BCG

(3) Subunit vaccine
Mtb72f fusion protein

{4) Therapeutic vaccine
IL-6 related DNA vaccine

(IL-6 DNA+IL-6 receptor DNA+gp130 DNA)

(5) Priming-Booster Methed
BCG Priming—Novel vaccines {(Booster)

More effective than BCG
(mouse, guinea pig, cynomolgus monkey)

More effective than BCG
(mouse, guinea pig, cynomolgus monkey)
More effective than BCG (mouse}

More effective than BCG (monkey)
Augmentation of T cell immunity of the
patients with MDR-TB

Phase I Study

{mouse)

{mouse, monkey)

 {6) Attenuated (gene knock out) Listeria—TB vaccine (per os)

(7) Novel vectors
AAYV vector (1000 fold effective)
Adenovirus vector

—+ Selected as WHO STOP TB Partnership and WHO STOP TB Vaccines Working Group

A. Number of M. tuberculosis 10 weeks
after the challenge of M.TB

Lung

1.0E+1.0

1.0E+0.9

1.OE+0.8

1.0E+0.7

1.0E+0.6

1.0E+0.5 AP oo el i
HSP65+1L-12  BCG Tokyo
vaccine vaccine

B. CTL activity (IFN-y activity) of
splenic lymphocytes against M. TB

10000
{IFN-7 )

80001

4000

2000

Y g L |

HSP65+1L-12  BCG Tokyo
vaccine vaccine

Fig. One hundred fold stronger anti-tuberculosis effect of HSP65 DNA +1L-12 DNA vaccine than that
of BCG Tokyo (mouse) and enhancement of cytotoxic T lymphocyte (IFN-y producing) induction.

IS4 R 097 IFN-y B4 THIMR I D B 3% % Elispot Assay
THLMMILENY, E512, ThEDBCGIERTAS
FUELEY FOEEREOZTBCGLY bEAHLT
W25 rehdl iR LA (Table Do T72, BE
¥ v 232 31f, 88f, 59f, 71f, 72A-85BODNAZHA L
72 rBCGZER L 7znn,

(6) attenuated 7 7 F >

bhbhid EREX AEERE) aeBEzTFEX
SR oEENY AT THIC Ag85A-, 85B-, MPBSI-
DNA %8 A LE LVEH T 7 F ¥ % B15 L7z (Table )%
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Table 2 The development of novel vaccines using cynomolgus monkey anti-tuberculosis effect of
HSP65SDNA-+]L-12 DNA vaccine, recombinant 72f BCG vaccine and 72f fusion protein-+BCG

Immune
_— . Prophylactic . Improvement of Iesponses
Ez;:;stmct kind of TB effect against Survival lmproggr;enl of blggre:s;ér}:t chest “Prcliferative
M.TB y X-ray finding responses of
lymphocyte
@ HVI-liposome '
FHSP65 DNA + ++ ++ ++ + + +++
IL-12 DNA vaccine
@ Recombm.ant 72f 4 ++ + n " n
BCG vaccine
@72f fusion protein
-+ +
+BCG tF + + + ++ +
@ Control (saline) — - — — -
vOEBUEHLOY F s A FVIZIMBEL, B HERLTHL I,
HAZEAERITE P BEE Edman k2 B ENIRSE L - -

7ro REE, HRIR, Miif, M X, YHEB L UEES
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YRR TAFEmMY AR B LU, LA
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Nizo ELICEGHELRD OGNS, T4 1L, HSPGS
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CUTTING EDGE OF BASIC STUDY ON TUBERCULOSIS

Chairpersons : 'Masao MITSUYAMA and Kazuo KOBAYASHI

Abstract
outstanding advance in tuberculosis research including im-
mune response, identification of antigensfligands of M.
tuberculosis and molecular mechanism of drug resistance.
Worldwide genome project enabled the whole genome
sequence of M. tuberculosis H37Rv and has provided a great
impact on the molecular genetics on virulence mechanism.

During the past two decades, we have observed

Extensive study by new members is greatly encouraged in our
country. Though the number of tuberculosis patients has
decreased comparing to some 50 years ago, there are new
concerns about the emergence of multi-drug resistant strains
and a possible increase due to the increase of imrmuno-
compromised population. Now the basic study on the
pathophysiology, virulence mechanism and vaccine develop-
ment are urgently required,

In this symposium, we have invited leading researchers in
the field of basic study of tuberculosis/M. tuberculosis in order
to provide general overview of the cutting edge of basic study.
Mycobacterium is rich in lipids or glycolipids that are quite
unique in both structure and biological activity, and they
contribute a lot to the pathophysiclogy of tuberculosis. Dr.
Ikuya Yano (Japan BCG) reviewed the major classes of
glycelipids and presented some applications to clinical and
bacteriological diagnosis, M. ruberculosis appear to have
various genes contributing to the slow growth, escape from
macrophage killing and persistence, however, almost nothing
has been clarified yet. Dr, Sokichi Matsumato (Osaka City
University) discovered MDPI as-a possible mycobacterial
factor responsible for slow growth. He mentioned that MDPI
might be involved in the dormancy during the long course of
disease development afler primary infection. Dr. Kazuyoshi
Kawakami (University of the Ryukyus) presented many inte-
resting data on the importance of various cytokines, especially
Thl cytokines, to resistance against experimental M. rubercie-
losis infection in mice obtained by using cytokine-knock out
mice. The relevance of animal data to clinical observation was
discussed. Thl-dependent cell-mediated immunity is regarded
as the most effective immune response in the protection. Dr.
Ikuo Kawamura (Kyoto University) émployed animal model
in which enly viable BCG induces protective Thl cells while
killed BCG does not, and showed that the difference is due to
some proteinaceous factor release by viable BCG. He showed
preliminary data on the purification of such IFN- y-inducing
factor from the culture filtrate of M. tuberculosis. BCG is the
most widely employed live vaccine for tuberculosis in the
world, however, more effective and safe vaccine is requested
urgently because of the serious concern about the efficacy of
BCG vaccination. In Japan, Dr. Masaji Okada {Kinki-Chuo
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Chest Medical Center) has been engaged actively in the
development of new tuberculosis vaccines. He showed basic
strategy for construction of new candidate vaccines and also
presented some preliminary data on the trial using monkeys.

1. Molecular characterization and immunological properties
of mycobacterial high molecular weight components: Yukiko
FUJITA and Tkuya YANO (Japan BCG Laboratory}

Mycobacterial envelope contains a great variety of wax-like
high molecular weight lipids which contribute 1o jts strong
hydrophobicity or acid-fastness and also play crucial role
against host phagocytic cells at the early step of infection.
Cord factor (trehalose 6,6 -dirnycolate) and the related myco-
loyl gtycolipids are one of the most characteristic components
in mycobacteria and are recognized to be a key molecule for
pathogenicity and immunity. Recent progress of analytical
techniques such as MS or NMR reveal the molecular
structure-activity relationship. Lipoarabinomannan (LAM),
lipomannan (LM) and core phospholipids (PIMx) are recently
demonstrated to be one of the virulence factor, however some
of which are shown to be IL-12 producer and apoptosis
inducer. Mycobacterial sulfolipids play important role as a
virulence factor together cord factor, but the mechanism
seems to differ from TDM. M. avium complex produce
serotype specific glycolipid (GPL) which suppresses the
humans T cell response. The core structure is unique and
carbohydrate shows high antigenicity to determine serotypes.
Mycobacterial cell wall skeleton {CWS}) plays the central role
for maintaining the rigid structure and shows antitumor or
infection prevention activities via the stimulation of innate
immunity, Although at the present, their molecular structure-
activity relationship is not fully understood, above cemponents
may play pivotal roles with the protein antigens for host
immune responses.

2. Molecular mechanism of M. tuberculosis dormancy ; Sokichi
MATSUMOTO (Department of Host Defense, School of
Medicine, Osaka City University)

Mycobacterium tuberculosis has remarkable ability to
persist in the human host and infects both macrophages and
nonprofessional phagocytes, such as alveolar epithelial cells.
Glycosaminoglycans are considered as the component of
mycobacterial adherence to epithelial cells. Mycobacterial
DNA-binding protein 1 (MDP!) is suggested one of key
molecules in latent infection, Here we show that extracellular
MDP1 promotes mycobacterial adherence to A549 human
lung epithelial cells through hyaluronan. Simultancous
treatment of intratracheal mycobacteria-infected mice with



Symposium/Basic Study on Tuberculosis

HA reduced the growth of bacteda in vive. Taken together,
anti-MDP1 antibody or hyaluronan has potential as therapeutic
and prophylactic interventions in mycobacterial infection.

3. A host defense mechanism against Mycobacterium tuber-
culosis mediated by Thl-related cytokines : Kazuyoshi
KAWAKAMI (Division of Infectious Diseases, Department
of Internal Medicine, Graduate School and Faculty of
Medicine, University of the Ryukyus)

Thl-related cytokines play a central role in the host defense
to Mycobacterium tuberculosis infection. IL-12 is a key
cytokine for development of Thl cells and IL-18 potentiates
this response. Recently, two novel IFN- ¥ -inducing cytokines,
IL-23 and IL-27, have been discovered. In a series of studies,
we demonstrated the important roles of IL-12p40 and IL-18 in
the host defense to this infection and proposed a possible host
protective mechanism mediated by IFN-» which synthesis is
independent of IL-12, IL-18 and IL-23. Thus, host is likely
protected from M. tuberculosis infection by various Thl-
related cytokines in a more complicated manner.

4. Possible involvement of TLR2 ligand derived from M. bovis
BCG and M. ruberculosis to generate protective immunity by
inducing endogenous IFN-y preduction: Ikuo KAWAMURA
{Department of Microbiology, Kyoto University Graduate
School of Medicine)

IFN-y plays a pivotal role for development of protective T
cells, and both IL-12 and IL-18 which are produced from
macrophages are necessary to induce IFN-y production. To
identify the mycobacterial factor contributing to the Thi
cytokine productions, we prepared a culture filtrate from 1d-
cutture of M. bovis BCG and M. tuberculosis, and measured
the cytokine-inducing activity. These culture filirates elicited
IL-12p40 production from peritoneal macrophages. They
could induce NF- x B activation in HEK293 cells expressing
TLR2 and the activity was sensitive to treatment with

301

proteinase K and heating. These results suggest that an early
secreted protein from BCG and M. tuberculosis activates
macrophages to produce IL-12 via TLR2 dependent pathway.
It is likely that this is a critical interaction between myco-
bacteria and macrophages for the generation of protective
immunity.

5. Establishment and evaluation of novel vaccine against
tuberculosis: Masaji OKADA (National Hospital Organi-
zation Kinki-Chuo Chest Medical Center, Clinical Research
Center)

HVIJ-liposome/HSP65 DNA+IL-12 DNA vaccination was
100 fold more efficient than BCG on the elimination of Myco-
bacterium tuberculosis (M. TB) in the BALB/c mice. Cytotoxic
T cells activity against M. TB was augmented. The reco-
mbinant (r} 72f BCG vaccine as well as HSP65+11.-12 DNA
vaccine showed stronger anti-TB immunity than BCG in the
mice, and guinea pigs. By using these new vaccines {(HSP65
+1IL-12 DNA, 172f BCG and 72f fusion protein+BCG) and
the cynomolgus monkey models which are very similar to
human tuberculosis, the prophylactic effect of vaccines was
observed. Thus, these novel vaccines should provide a useful
tool for the prevention of human TB infection.

Key words: Tuberculosis, Mycobacterium tuberculosis, Basic
research
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STAT1 Knockout Mice are Highly Susceptible to
Pulmonary Mycobacterial Infection

Isamu Sugawara, HIROYUKI YAMADA and ' SaTORU MiZUNO

Mycobacterial Reference Center, The Research Institute of Tuberculosis, Japan
Anti-Tuberculosis Association, Tokyo 204-0022

SUGAWARA, L, YaMapa, H. and Mizuno, S. STAT! Knockout Mice are Highly
Susceptible to Pulmonary Mycobacterial Infection. Tohoku J. Exp. Med., 2004,
202 (1), 41-50 — This study was designed to determine the roles of STAT1 protein
in defense against mycobacterial infection. Airborne infection of STAT1 knockout
(KO) mice with a Mycobacterium tuberculosis Kurono strain induced multiple ne-
crotic lesions in lungs, spleen and liver, while that in wild-type (WT) mice did not.
The STAT1 KO mice succumbed to mycobacterial infection by the 35 th day after
infection. Compared with the levels in WT mice, inducible nitric oxide synthase
(iNOS), tumor necrosis factor- «, interferon-y and IL-12 mRNA levels were si gnifi-
cantly lower in the lung of STAT1 KO mice. Interestingly, granulomatous lesion
development in STAT1 KO mice was inhibited significantly by treatment with exoge-
nous recombinant murine IL-12. Therefore, STAT1 regulates 1L-12 expression and
appears to be a critical transcription factor in controling mycobacterial infection.

Activation mechanisms of signal transducer
and activator of transcription (STAT) was clarified
in the biological responsive system stimulated
with interferon (IFN)-y. STAT family consists
of seven transcription factors (STAT1, STAT2,
STAT3, STAT4, STAT5a, STATSb and STAT6)
(Darnell 1997). STAT proteins are cytoplasmic
proteins that are activated to participate in gene
control when cells encounter various extracellular
polypeptides. Among them, STAT1 is activated
by stimuli with IFN-g/8 and JFN-y and is essen-
tial for cell growth suppression in response to

STAT1; M. tuberculosis; STAT1 knockout mouse; IL-12
© 2004 Tohoku University Medical Press

IFN-y. The STAT1 signaling pathway appears
to negatively regulate the cell cycle by inducing
cyclin-dependent kinase inhibitors in response to
cytokines (Chin et al. 1996). STAT1 knockout
(KO) mice are highly susceptible to vesicular sto-
matitis virus (VSV) and Listeria monocytogenes
infections (Meraz et al. 1996).

Tuberculosis is a chronic, airborne infectious
disease induced by M. tuberculosis. The target
cells of M. tuberculosis are alveolar macrophages
and alveolar macrophages are activated by
IFN-y so that they can kill tubercle bacilli

Received September 19, 2003; revision accepted for publication November 21, 2003.
Address for reprints: Isamu Sugawara, Mycobacterial Reference Center, The Research Institute of Tuberculo-

sis, 3-1-24 Matsuyama, Kiyose 204-0022, Japan.
e-mail: sugawara@jata.or.jp
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(Sugawara et al. 1998). Thus, it is important to
study the roles of IFN-y and transcription fac-
tors that regulate expression of IFN-y. There
are several reports suggesting the roles of STAT
proteins in mycobacterial infections. In our pre-
vious report, we have shown that STAT4, but not
STAT®6, was a critical transcription factor in con-
trolling mycobacterial infection (Sugawara et al.

2003). In the absence of STAT4, development of -

Thl type helper T cells abrogated. Lymphocyte
proliferation and expression induction of IFN-
y by IL-12 and natural killer cell activation by
IL-12 are also inhibited. There are several in
vitro reports suggesting the close relationship
between STAT1 protein and mycobacterial infec-
tion. M. tuberculosis inhibits IFN-y transcrip-
tional responses without inhibiting activation of
STAT1 (Ting et al. 1999). M. tuberculosis infec-
tion activates JAK2/STAT 1-pathway (Rojas et al.
2002). Selective expression of type 1 IFN genes
is induced in human dendritic cells infected with
M. tuberculosis (Remoli et al. 2002). We have
been interested in the roles of transcription factors
that regulate cytokine expression in mycobacterial
infection. Nuclear factor (NF)-IL-6 is critical in
mycobacterial control as well as in the induction
of granulocyte-colony-stimulating factor (G-CSF)
in alveolar macrophages that results in neutrophil
activation (Sugawara et al. 2001a). NF-xB p50
KO mice developed multifocal necrotic pulmo-
nary lesions or lobar pneumonia (Yamada et al.
2001). STAT4 KO mice infected with M. tuber-
culosis developed large granulomas with massive
neutrophil infiltration over time, while STAT6
KO mice did not (Sugawara et al. 2003). In the
absence of STAT6, development of Th2 type
helper T cells is abrogated and class switch of
immunoglobulins to IgE is not recognized. Thus,
STAT6 has nothing to do with the development
of tuberculosis. These transcription factors regu-
late IFN-y, TNF-« and IL-12 that play critical
roles in defense against tuberculosis development.
These findings prompted us to explore the roles of
STAT1 protein in mycobacterial infection further.
We report here that STAT1 plays a critical role in

defense against mycobacterial infection.

MATERIALS AND METHODS

Animals

Six-week-old C57BL/6 wild-type (WT)
mice were purchased from Japan SLC Co. Lid.
(Shizuoka), and STAT1 knockout (KO) mice
were purchased from Taconic Transgenic Mod-
els via Immuno-Biological Laboratories Co.
{Gunma)(Meraz et al. 1996). These KO mice
showed no developmental abnormalities. All
mice were housed in a biosafety level 3 facility
and given mouse chow and water ad libitum after
aerosol infection with virulent mycobacteria,

Experimental infections

The experimental procedures were in ac-
cordance with the ARVO resolution on the use of
animals in research. Permission to experiments
on animals was granted by the Animal Experi-
ment Committee of the Research Institute of Tu-
berculosis. A virulent Kurono strain of Mycobac-
terium tuberculosis (ATCC 358121) was grown in
Middlebrook 7H9 broth for 2 weeks, then filtered
with a sterile acrodisc syringe filter (Pall Corp.,
Ann Arbor, MI, USA) with a pore size of 5.0 H
m. Then, the aliquots of the filtrate bacterial solu-
tion were stored at —80°C until use. Mice were
infected via the airborne route by placing them
into the exposure chamber of the Glas-Col aerosol -
generator (Model 099CA4212; Glas-Col, Inc.,
Terre Haute, Ind.). The nebulizer compartment
was filled with Sml of a suspension containing
10° CFU of Kurono strain tubercle bacilli so that
approximately 100 bacteria might be deposited
in the lung of each animal (Sugawara et al. 1999;
Yamada et al. 2001).

cfu assay

At 1, 3, and 5 weeks after aerosol infec-
tion, mice were anesthetized with pentobarbital
sodium, and the abdominal cavity was incised,
and exsanguination was performed by splenec-
tomy, Lungs, spleens and livers were excised and
weighed. The left lobe of each lung and a part of
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spleen tissues were separately weighed and used
to evaluate in vivo growth of mycobacteria. The
lung and spleen tissues were homogenized with
a set of mortar and pestle, and then 1ml of sterile
physiological saline was added. Then, 100l of
homogenate was picked up and plated in a 10-fold
serial dilution on 1% Ogawa’s egg media. Colo-
nies on the media were counted after a four-week
incubation at 37°C (Yamada et al. 2001).

RT-PCR

Parts of right lobe of lung and spleen tissues
that had been left after cutting off for CFU ex-
amination were used to perform RT-PCR analysis
for mRNA expression for several cytokines and
iNOS in these organs during TB infection. These
tissues samples were snap-frozen in liquid nitro-
gen, and stored at —85°C until use. RNA ex-
traction was performed as described previously
(Sugawara et al. 2001b; Yamada et al. 2001).
Briefly, frozen tissues were homogenized with
a microcentrifuge tube and tip-closed Iml pipet
tip in liquid nitrogen. Then homogenates were
treated with total RNA isolation reagent, TRIzol
™ Reagent (GIBCO BRL) according to a manu-
facturer’s instructions, After RNA isolation, total
RNA was reverse transcribed into cDNA with
M-MLV reverse transcriptase (GIBCO BRL)
following measurement of total RNA concentra-
tion, and agarose gel electrophoresis was per-
formed.

Polymerase chain reaction was performed
with gene-specific primer sets for j3-actin, IFN-q,
IFN- 3, IFN-y, TNF-q, interleukin (IL)-13, IL-2,
IL-4, IL-6, IL-10, IL-12p40, IL-18, TGF-#, and
iNOS. DNA sequences of primer sets and cor-
responding PCR conditions are listed as described
previously (Sugawara et al. 2003). The PCR
primer sets for ICAM-1 mRNA are as follows:
sense, 5-TGCGTTTTGGAGCTAGCGGACCA-
3" antisense, 5'-CGAGGACCATACAGCACGT-
GCAG-3". The expected product length is 326
bp. Amplification was carried out with a DNA
thermal cycler 480 (Perkin-Elmer Cetus). PCR
product (10 gl each) was applied for electropho-

resis in 4% agarose and NuSieve GTG (1:3) gel
and visualized using ethidium bromide staining.
Relative ratios of various cytokines and iNOS
mRNA to p-actin mRNA as an internal control
were determiined ( Sugawara et al. 2003).

Light microscopic examination

For light microscopic examination, the right
middle lobe of each lung was excised and fixed
with 20% formalin buffered methanol solution,
Mildform 20NM (containing 8% formaldehyde
and 20% methanol, Wako Pure Chemical Co.,
Osaka), dehydrated with grading series of ethanol,
treated with xylene, and embedded in paraffin.
The 5 pm-thick sections were cut from each para-
ffin block and stained for either hematoxylin and
eosin or Ziehl-Neelsen staining.

Reconstitution of STATI KO mice with exo-
genous recombinant IL-12

As the IL-12 mRNA level was reduced signi-
ficantly in the STAT1 KO mice, reconstitution
experiments of STAT1 KO mice with exogenous
murine IL-12 were performed twice. The three
mice were injected subcutaneously with 10 pg of
recombinant murine 1L-12 (210-12, Pepro Tech,
London, UK) in PBS or PBS alone four times
at weekly intervals. The biological activity of
the recombinant murine IL-12 was evaluated by
determining the stimulation of IFN-y production
by murine splenocytes co-stimulated with 1L-12.
The EDs, for this effect was 0.1 ng/ml, corre-
spending to a specific activity 1X 107 units/mg.
The lungs from STAT! KO mice treated subcu-
taneously with recombinant IL-12 were retrieved
from the infected mice 5 weeks after aerosol
infection (Sugawara et al. 1999). The sizes of the
10 granulomas were measured with a microm-
eter (Nikon Optical Co., Tokyo) (Sugawara et al.
2001a).

Statistical methods

The values were compared by Student’s
t-test. For all statistical analyses, differences at
p<0.01 were considered significant.
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culosis by the 35 th day after aerosol infection,
whereas WT mice survived until the day they
Mycobacterial burden in the lungs and spleens  were sacrificed at 60 days (Fig. 1). After one
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of STAT1 KO mice week post-infection, when STAT1 KO mice were
STAT1 KO mice died of disseminated tuber- infected with Kurono strain, the c¢fu number was
100 ¢ T O
%0
6 +
B
£ DA 4
* w0l .
O Wt
20 @ STATiIKO
[ o 1 -
0 10 20 30 40 50 60

Dy afuer infection

Fig. 1. Survival of mice infected with M. muberculosis Kurono strain. WT and STAT1 KO mice were
infected with 10°cfu of the Kurono strain by an airborne route. Percentages of surviving WT (open
circle) and STAT1 KO mice (solid circle) are shown.
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Fig. 2. Msycobactcn'al titers in lungs (solid circle) and spleens (solid square) of STAT1 KO mice exposed
to 10° cfu M. tuberculosis Kurono strain by the airborne route. Lungs (open circle} and spleens (open
square) of WT mice were included in each experiment. At the indicated times after infection, four
mice from each group were sacrificed and homogenates of lung and spleen tissues were plated on
TH10 agar. Error bars indicate standard deviation (s.D.).
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