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HA BCG Btk R AL eii gt iR A 1, KB Al

WBRZ L0 LT HHIREOKRE RIFHIZ, Mk
WZEBDOT v 7 AMESTHREZEAR, TNOPWHEE
OBUKMER TS L, EEARNINCBT) 2 RH
OHWHHDEHFEZWRIZLTWLHTH S, JHEICHL
Ti&, MBREBEIRER 7 v 32 FURDOEZ 55, BRI
HRGIEE N L CER L K-35, BFZ%
G RS CRFIBER R = bic b b Y, “BHOR]”
B2 RYT ShSORBEGE, —RICBKED
BVCIRE 5T CTd 5 72D BUKEOBR S L 137 Ua
HADLDOTHY, o TRIEDHEIZD »hb ST, HE
TG TR S Tw e d o e 8K, FLw
B HTiEE R NMR & % B L CHEREIIC 70 74 — &
RV R = LRBAREL 20, Fo—FTH LWk
FHBE S, TNS OWRES O1E E~OVEHRE %
HoMZL, BWERESCY 7 F e HETI LI
X0, WHSEDFIEIZ “breakthrough” % 5- 2 % W HEM:
LN TE o WEBEMBLRER 5% g, DA
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(Cord factor (trehalose dimycolate, TDM) )

RAERERER T & LT d B oMb NHERE T
H DD, FEHEMEPEEIC DA oA L, HACcRFEE
HERRED DY, PUEEME, Th-17 V2 nNy MEEDLD
%o NKAMINLIEMEILIZ & % IEN-y R TNF- « FEAEZ R T
TDM B2 trehalose monomycolate (TMM), -trimycolate
(TTM) % 234 7E L, TOF MASS 4 #T T 1% 1600 i £
(TMM) 2*5 2800 Fi# (TDM) D5 TR D Z O 51
MR E N, I I— VBIZWEICL DV RARY, 15
F OB D CO1HERRFFIC L D PR E LT
REND, BEBERIZIE, I VBERRT LN
TDM BUARASEBE THRIB S b,
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BT, I T NVBOREDODLT OB HOEKRED
PEICHHEL, FlAEy7a7a sy ROGERIMEN
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1, KEREH TDM X 0 sy RN E 2 TR T 5 2
E¥loT& e TDMR TMMIZEDOEEDVEH W &

oY, KBEESTE LTHEEREESEVZ &2 D
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(LAM (lipoarabinomannan), LM (lipomannan) £ & %
PIMx (phosphatidylinositol mannosides) )

LAM & LM 3 PiHE 1 38 o i Bt g <, PIMIZ
core IZMHM T 5, MEREKNRTF L LTOWE L EENK
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—i5ME, PL-fusion BHED G S b —7, TLR-2MKFER
I NKT cell Z 5P L L, IL-8, TNF-« A, WHFER
B % 7R 9o LAM (MW 15000 ~ 45000), LM (MW 6000
~8500) & WX DAL RLY, fEo THEMEICD
EDD B 7T ABHMENEE LT, LAMS LM
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parietal LAM & cellular LAM C PIM O I & #84 D 75 A%
BV, SRR IL-8 & TNE- « AR I2EVD
%o YL LAMBPUARIL PIMBLIADRH &, B OBWIIC
Hubhs,
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HEe b2 DLNH LA, Bk IL-12EARE MHRA
M3 % apoptosis TG PEIX LM IZi D IEMHEH L, ~
V) —=A¥x v TR AT S LAMIZIELT L HIRWIENE
BHBHEREALZVWEEND, IS ORI HEE
WE DD, Ml - BEESES TRV &2 HIE G
HBEOMIITENTWA A, SRR E L LTk
XD THERDDH 599,

(Sulfolipids (2, 3, 6, 6 -tetraacyltrehalose 2” -sulfate, SL) )

WHMBERERTE L CIDM EMFA L CHEZ®H D
%o AREMES 5 —T5, PL-fusion% B L, M
FEMEEED S, SL-RIEHIE, BHHERELTL2HEDD
b

Bk % Z L 1Z, SLIZ TDM & [FIAf trehalose % A BCAHE
ETLMERETHHICD PO TIa—-VBEEF
T, MBELAETLIBMERETH LD, T RIINT
LEEHEEIT R TDM & B iv. 3535 L WHFIE
ERAMHIL, ARERDSWET S GEEEoHF 5 Yano
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(GPL (glycopeptidolipids) & PGL (phenolglycolipid) )

GPL (& M. avium complex {2 F¢ B 72 1ML 3 Y 4% 52 5T IR
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Hb, & MEMIMTIE, PPDRHL CD3PAARIELIC X 5
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HENC X D BEfEE, PL-fusion lHE % /R¥

JLAE, MAC WIEGC X B Ikl B PR s 4 2558 L
TWbDH% 5T, AIDSKHO CD4Y ¥ 38k C &
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R, WL OGMEMER ENTEBY, MACHEEH:IC
LB REIH D, MACRRAD LD XS REFICEY
FIERIINEOPIEEBEKDOD 5 55 TH 599

(CWS (cell wall skeleton) )
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HERGTT, PG EIAREE L TR 7 B o B
2T 5. TDMR LAM & 1#5[d LC, TLR-2B X U 4
2 L CHRRIEIC D < a2 g m b it % R
o RIATIIHFGR 7 ara-furanoside, gal-furanoside 2SFEAE
L, Fiarall I I— VBT A FIVESLTW5S,

CWSIZZ® X 912, PG & AG-mycolate % & & F K45
TC, B PRE - XTF FEBEES LT AHEAEKTH
B7:0I2, TOREIRBREIHPEN LTV
Vo BRI CWSHIBIC X D D TLR 2 FE 55 Lk &,
IO VRR PGEHTERET S L, wIhbuEelih
JERRALTEYED b D Z LA S, HRGIERILIEROF
DEBUKME S X OBOKMER G O 5 ICHFFET 5 2 &5 F
HEN, I I—)VEED D-arabinose ~D L A 5 L {L= |
PR EROBKEOBSIZKMLTWAE DEEZ S
NTV50, CWSHEEIZL B PHEMBOY A S A4
¥ mRNAFEBIZ, LPSE & ARTHE L LRI & A,
RS PORIERIBIC BT D8/ E Y 7 F LD
ML, RIEICHBIEE - FAKBEROME 2 g X
5, VIR OMMEEEIIE, 20k ICHBEMLO
TEREMERRICIRN > TV B 2T TR L, B ERIE G R
FEHEORBIZHEL EboTwa EEZLNLI Eh
5, FFEAGRNICRY % (BKE 22 55T TH
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FEMTHERET (Mycobacterium tuberculosis) 12 & %121
BYSETDH B, WOBPAV LEHICHIET 5 —K
WEIE S RELHT, £ EABEORAL L5,
—WI, Y LW A, B SREllPREI NS
iR, —EIIRIRR E 2D, RBHOFLIETL
RIRECTEFE LTS EEZ BN TS, EEOEIME
MWET T2 LW IH OB Z G0, NEERREZE] &6
¥ INEIKAER LY, KGO ATBRAZ
SO TRIET Do BUE, ABID32% ISHERH A3
RIEG L CTB Y, BEROMENT—AEDMIZH 10%
AFEIRICE Do

HIEOEILE & MBREOREE

AR, VWIEHDEVENPTTHRTEEDDT
WIEORBE LW TH S, UBEEBREF TS, N¥t
VIR DR Mycobacterium leprae, JEFEREMEPUHR W AE
O FEIFEKE TdH b Mycobacterium avium-intracellulare
complex %2 &, JHEMEPIERAN X, (ZL A EDVBREEUT
Hbo ERBULHEEOEEOED Y IS TRY
A, —OIiE, WEENEBESHMBNEFENETH Y, B
IR TH AP WA ICEMOFESTRICEZLEZDL
Na, ZICHBSEHEEEZRL, ERe LTH
ME2) o KRIRIZZD SN2 56T, fRHE2E L < il
TAHIET, HEEBRYMERT OAFZTHEIZT 5o

1biEEE & HRIERE

Pt P b2 3 3 R E M DR & B 5.
Z D720 E b TET L72RIRE 0 L Tidzhit
AT, HERRERER (WHO) 1, FEHEPURR AL
&L CHEBEEM T AR (DOTS) 2 &), HH
6 AREE T %2 &2 L T Do DOTS i
—EDEREZE DT TV, HEICHEEOPBURTH
5o TORMEIE, b MEREY A VAL OREES,
FIEE OB, 2 L CHEAED 2% B L T
W BRI OFAETH B0 WHO I, 51 204E RIS,
2 AP E TN, 70005 ADFETT % & Tl LI
ZEFRLCTVD, 20X ITHRIKIRE I RIZE DD T
fEREDEVIRETH 55, WOKIRERIIAHT, %)
R bR EIERE I TV v,

BREOHEELZFLLES DT

FTRTOMAIZ, FIHKT L TR BROS LAAE & #E
FLTWE, 2020, Bl2iE, 505 HTF2IEERL
LCHEDOBEET Y BB ¢ 5%, HRERNZIGEICK

DEFEREERL TS, BOER, HEE ORI 2
RS 2720, BRI 28ETFRIAABICHS TS
bOTIERL, HAT IIFRN LEBREGREAT
BT OHFEEICER Lze JIFRMICTRTOEETFIS
WA LESZIMHT 207 ThE, AHNERETICE
WTHET S & O it ekoR# 2 Eke Lo, L
LEIETTHSHDNAZHEBEPOFVHLIOTIE VR
EDEZIZE D, RFICHEDERERL, FHIFRIZIRAS
41 8 12 mycobacterial DNA-binding protein 1 (MDP1)
ZRE L. £ L TCMDPLICB L TUTOHEEZHSH
IZLT& 7,

MDP1 DR EEDEBRE M S S UHKIR

MDP1 %, BEREEPIEERN OMEIEMEHIZB T T ~
10% % 5, EHEM A S FRINI 2 Gl i 2588 5 & 45
IELZZRBIZBWTE, EHRXZOEEENFERT %0
HE BIYUER  Mycobacterium smegmatis T, X FHE 7l
BV BOFH LI R OSNT WA, EFMNH»HFHBLL
BB, 2%V, HUEER O MDPI D& AR, B
HEE L WA %,

MDP1 D7 I/ KA RBE O A + Y HEHE
HU &, VAF Y VEEBIZE PO A P HIEZ
NZENRFGHHMEAREEET 5. 2D L H5H MDPL
2, MO AN UBREAELEZ OND, FKOMIE
ZEOSTIMMMBEEIIZRA S R WA, BETLAZTXT
DOHEEH 21 MDPL OFHEAFEO LML T &b, Hik
RIFRN T T TH 5o

JBTE : SRIERBEERIC L 0, HiNeRE, KRR, VRV
— NEBUC OSSR S, ELEN ST L DA%
LB 508 R —< V7= MIRIEL T 5,

REREENT, DNAAE, RNAAK, EEEEHZ W
TN ET 5, B L EEHENE IR
WARAE L, BHARBHE (AL RAS SR I ARAF L 2 o

MDP1 5B S8 5 2 & T, M. smegmatis < K &
EREREICEEERSh, BEREFANW (BCO) K&
CHRBE SRS EHEMME LT 5, ZOERIS, 2%
HO7 I VBT AN FVRIIEET, TOERIZLY
HEFE PRI RS 5o

INSOMED S, MDP1ASHIEERE MR % A
FEL, BREHLCHKRIEREOEAL X UHERICED S
ZEDHER S NS,

MERERED MDP1

MDPLIZY 7 F W ARTF FREEBHEBEZAE LW
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A, HMBEICDFAET 5o FEIX, BKFEMO MDP1 %8
WOMBBAZRTHES T & LTEET 5kl %k
A L7z0 COHENE, BB AMEEAE TH 5 MDPI 75,
HEEHE LD S F MR OR & AT 5D TIER
WREEZ Teh 572, MIIEHIRRSN b Y v 2 RICETR
EELNTVE, 7)a¥3I /)7 H Y (GAG) 342

ZREE D XIEN, MBS~ MY v 2 AT TH B,
ZhUL, THEOMD B LEED2 SR Y, BB ORI
L0, e7rvarvEE (HA), 2y Fu45v, avFu
AF VR, ~NNY Y, AT UEREER E0B B, R
WiE, GAGEA LT, FICIHFEAAND LM Ic3s
THEMESINTVD, HBEKERICEDLFRET S
DL, FEEONNE M TH %o il i
RIS 2 IR RE S £ OB HWREICZ L, Th
WCRPAMRAT D & T, REOBINES E b, 72,
Jififa _E R AR~ DR ARl S Ml 25~ D B D158 % 1
L, WEROEE(LMET 5o Ml LM, B0
FARRE O EERBPRMBTLDH 5,

MDP1 (3T EHIfIRE D GAGICHEET 3

bbb TS, MDP1OANRY ViESHE H S5 A2
TN L7720 MDP1IE, V) VEBRE@EHETHTASY ¥ 20
BHL7H T AITHEEL, NaCLIEE I MTHEH SR,
IR, MDPIAIANRY VIZHET B2 L 2mRBL 72,
RIZMDP1 & &1 GAGO#E %, E7 a7\, k>
F—z2 TN L7ze € OKHE, MDP1 DAY ik
BUEPHERIN, TE5IZ, AT VR, a2 o
A FURBABIOC, HAICKAT D 2 E25 Do 72,
—7, MBREO LEME~NORAZHEL Y, 7€
J—=A, P E =2 L TIRESEERE L d o7,
FHE GAG L OREERIE, 108~10"2M T, MiEs
WEHET L EIH L7,

MDP1 (3, A549 &t Mitla ERHlfRikICIZEE T 5

MDPI1 Z HOREHE TE# L, 1% HvsCT MDP1 A%
Mo B MIICEE T 202 B E L —F —BAME &
FACScan & FI\VCTHIZE U720 A549 & b I 20 i g b iz sl
MavkDEE W, 05uME 725 X 912 MDPL 2 2 X
IS &7z W, 3040 121C1E, 90% LL b o> i i s
MDP1 B & 72 0, 60 5% I12i131T & A L OMIIZREE L,
POBIZPHIE L 720 ZORED S, MDPLAS, HH
WHilE bR T 5 S L ASHIBA L 220

FEBRIZ, MDP1 25 LR AT O GAG % A L THI

WG LT 292 Mat L72o MDPL SR &3 5
FHTIZBVT, AN URHARMZ S &, KRG
BICHE & %2 B L 720 MDP1 2% GAG % 4 L CHI 12 &5
BT HIEIIREBEEIN,

MDP1 234543 2 MR O GAGZ HET 5729
M % %5 F4 9 GAG 73 B 3 CHLPE L 7212, MDP1 72
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KIS 2, MDPI-MIN A EIRET % 05 % Wi
L 720 HASFR RIS, MDP1 D& % 1ZIZ5%4E
[P L7z MDP1IZHIERE @ HA % I\LTBEEH’ELEZ
MRICHEETAZ ERHLNE 572,

MDP1 (X DNA#&EIE T GAG EEAT S

BERPUIRTE 2 T, MDPI & GAG & D4 % Mat
L7z ZO8EHIE, €7 a7 N4 v rH—% H7-fE
re—%L, MDPLIZ 7L — MIZEAM L L7 HA, I~
FD%%‘/%E&“K%%LK’O FLTEDORA, EH
5DNAZNZ 5T ETIT EIZHEINT, Dbk
Z&H»5, MDPLIZ DNA% & vﬁiwjzf GAGLEETEZ
EDIRE NIz,

RN OEFIZB VT, FEEIZ MDP1 2% DNA
G4 PERALTREEGT I EME L, Se®Ts
)V L7z MDP1 % AS49RRIZINZ % &, 2 BERI# I
95% LA EOMNEA MDPLIGHE L R o720 STDRIZT T A

I FDNAZZ % & MDPI1-A 549 il i F G & A3 2
fHEI NIz, 2O L5, MDPI X DNA KA #HI8 T
MERO HA Ef5ET 5 2 EAVRE NI,

MDP1-HAM#E &S, MBEEOHRAOEEERT

GFP % 583 2 Ml 2 BCG (GFP-BCG) Z1ER L,
BOMIEES X OBA T BN L — I — M T
Bk, 7Y O ¥ % FACScan 2 W CHET
LRBENREMI L72e TRZHWT, MDP1ASER
2, WOBE/BRAIHELL P ERF L. REL7
MDPI1-AS49 il g i 5 & D B EW B T & % DNA R BT
MDP1 ik, F 72 MDP1® A549 M i E DHER TdH 5
HADIER 2 Biat L7ze Z D% %, DNA, ¥ MDP1#L
K, HAZMMA A Z & T, WThd BCG-A549 i1 o
MEXHET S EDB0H o e HADHEIG DS,
DNA ®$L MDP1HUfA L Y iV &5, BCGIX, HA
W25 MDPL LIS OBEWEE BT HEEZ S b,
72, M.tuberculosis H3TRVERIZ DWW T, [A kD S ER S
WS EBR % 1T o 72458, GFP-BCG & w234 &H
BDOFEREF 20 FRLOKE RS S, MDP1-HA #5471
PR OMB~DOEEZRTEDPHS N E o7z,

E-HARE S & BEHHzhE

i BT, W-HA B AR EOPIE BRI RIT
THEL, BHWETIVEH VTR Lz, BCGZ <™
AGGEMNITTEA LY % L S8 72 ZOR, HADOK
TN OEEWBIED D 5 MWET L Bge2B
BROBIWE T U7k, BV B T3 40,875 +
16,585 DHEFEL R EAL O WS S /20128 L, HA
RGBT, 5,960+4,530THh o720 HA-PIERE MK &
RHEAS, BEETHICAEMTH 52 AR ENT,

BEELLUVSHE

FAZRIE, ABD 3550 11— EIRIIREE TRE& S L
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TWb, BEEEEAD10% P HREZFI&REIL, 4
% 204E M T7000 H ADELET 5 EHEH S T WD, K
MEH 209 A HR B R S TB D, RIRE I,
XbhOTHRAEDIE V. LA L, KIEEHEIAHATH 5,
RERETER PR3 20 W ST 5720, AH =X
DEMBVEND B,

bivbiud, EFWEREICBWT, 3T 5 X912
Jaekoft# 2 EIETEx 501, TRTOEETICHE
L9 A0FTrEnh e 0RE, s, WHHOIERFRY
M AEEAE (MDPD) ZFE LI LTS 7. 2
DT, VIBREERNE A P U BREHET, BAENT
YRV - LRBBISHEA L, WoMMEFIESE 51
HEELTW, Tbhbiid, MDPLIZHAREKTIC
LHEAEL, WoMaEs/BRACHDLLZ L, TOED
Jiifa R I DR IZ HA TH A 2 L ZH LM L7,
KRR X~ 7 a7 7 — Y DA% ST, FEEEMEOM
He b Rz M R e M B IR T A L R ST

WM 79% %585 20044E 8 H

), MDPLZSRIIESD A 7% 53, RIRE OMABEHE/
BACHbo TR LHEWENE, 2D LIF, HA-
BRI ORESZ HET A H 7 R IBREOREATHETH
LT LEIRET B

MDP1IZ#ERE W %, BABRESIC 5 M~ DRA
129 e hsg, FNEFEEC, WERNTIIAHZHEELE
O HEGE % IH L CH /4G B OEFRERT S X912
Bbhb, 20X HIZ U TR LB REGED K
BB HLEEREO) F—N— L 2R D 5.
4% % 512 MDP1 O & U ICARIRBERE 2 382 0, R
JRGLHENE DREEEIZTRIT 72\
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3. BBOREEBEHMICETEZEEYA MDA DES

£ Es NG oy N T e e D S L e L Ry S | | M S 1

AR TS 2 B o BRI ETH 5 2
CWREMOFEETH H, F 72, Mosmann 5 I X B
Th1-Th2/35 ¥ 4 2 OF LK, Mtz o515k
BThIHA P AL v THLIEBIEL I VLV ADE
LbRNTWAHEZATHD, LI LARDLTEERIZI,
RTALELY MOFEHEREICSIT S IFN-y ©
HEHRMEE LTS 5 720 —HOWFETI,
E FNERMMEER, HEWiEinviro THLEEY I 1
Ty =Y ERHVCHEEREICH T ABRBEEECHT S
IFN-y OFE MG S h, BBRwe, bLAIhZK
TEEDEDWEDPHRNZEDI, Lo LiEFEIZ R - T,
IEN-y S BEEETICEREZRIL, £D2OICIFN-
y ) ELEM LR VIERIS RIS, S0 X9 REF
TRIHBREERT 2 KZUESE DD TIHEL TS
CEPHLEMIENTERY9, O E0H IFN-y
i, ¥ ADHRE LT MIBWTH EBEGER# O R
D RREZHIFA P HAL Y THEIENRBEN
720 [ABERBIGZ, IL-12 2 AR EIEORES] T b ik
INTWB,

T BAEDORIZ, 4 DD IFN-y FHEWES A4 b A A
v, $%bbIL-12, IL-18, IL-23, Z L TIL27 A% 5
Ehie e NKHMREELRTFE LTREINEZ
IL-121%, ThiMREOSLFEEIBWTYHERT A A
AV THLIEPMOENTVSD, —F, IL-181FZNH

K Thi e 5L % F 38 LIS 22\, IL-12 & i
EH$ 52 L TTORG % RBIICTTHES D Z &A%
HEENY LA L, RIS Lo TR IL-1828 Th2 ¥ 4
FHAYOEEICHOEGTELOMEDLALND LI
%Y, FOERIZEDEZ SN TW2X ) BEHETH S
CERTFRENT VD, TR THRINZIL23
L IL-271%, IL-R2EfkRAT O 4 v —HiEz LT
Wb, IL-23 X IL-12p40 2 LA L, IL-12p35& A EBR Y
— 2 AT HplokATFus AT —%RT 5% —F
IL-271%, % 4 IL-12p40, p35& AET YV —%2 H T 5%
EBI3, p28il & o THEL S LT %, IL-23, IL-2713,
£ZAAEY) —THIRBLOF A4 =7 THMBICHERL
IFN-y PEA 2 HE 5 2100, ZOEPTEEICIE X ZAY
BEDE L, BEBHIEICBIT2BRIIOVTIISR
DT ER/RL v T2, BREROSE T EINT
X772 AFAKYF ¥ (OPN) B IL-12D A FHERE %
HTHEDHREDPRENEH SN TS, OPNEIET
K (KO) =7 AR HW/2RE T BCGR Y AT I T
BYDBALDBE I N TV D,

bbb, EETFXREY Y A% TR EEE
(BT A KM Thl B3 A4 b 4 v OREZHHT LTV
%o IFN-y KO (GKO) ¥ A, IFN-y #F#HG A P A ¥
@ T IL-12p40, IL-183# f= T % B 4t (IL-12p40KO,
IL-18KO) % 7213 [A 12K 3 (double KO : DKO) L72<
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T AZHWTHEERIIST 222 R L2E 2
%, IL-18KOKIL-12p40KO<DKO<GKO ® JI§ {2 B A= 7
(WT) =7 ZICH_REZ WO TS RE S (Fig. 1)
DB, 2D EMNS, IFN-y iFESF 4 b h 4 Y ORTIX
-2 D EETH Y, IL-18OZENL IL-1212H~< 5
EBRELTEZES 2B %\, 72, DKOT 7 AP
GKO~ T A & 0 dHEGREEGIH LT &y itk Tdh -
cZ b, IL-12, IL-18, IL-23 (ZAKAE L 70 W Jagekhfi
WOV HER I NIz, & 51, EEIRGHOM, IIF,
JNE, I3 oD TRN-y PEAE % ELISAIC CHlE L7z & &

%, T, BWiTid DKO< W A TH IS MREANTED
L7z (Fig. 2A) o 7z, REEKYtE O K2 S RNA
Z il L, RT-PCR 12T IFN-y mRNA DFH % 72
LA, B, B, B TH S 2 R BB S h s (Fig.
2B) ¥, TN L DRI, BHREEGICE D B WIL-12,

IL-18, IL-231Z4KFF L7\ IEN-y DA B X OV ek
BHSHAET S LEZRLTVRE, DT LT,
DKO X 7 A Th b L5 BG4 D &Kl 23 T D iNOS
mRNA DFEH B X OEGIRPUME T IFN- 5 1233 % F
PUEDF G X o THREICHH Sz IEN-5 B4
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KM TE o/l e, BEREIRLII DL
2 HRGEMIEAEE LT AT RENE 2 % 2 TWw A1),
bhbhid CD4 MRS S35 2 L &R
TF—52/TBY, BRAREORMIZEWTI DMl
HIFN-y BEEICE D> TWDL LD EHHEL TWVDH, &
5121, ZDODKOY 7 A TO IFN-y JEAEB L ORYK
PUME P INF- o« UGS L o THEICHHI S -2
L 5, TNF-a ASIL-12, IL-18, IL-23I24KAF L 2w
IFN-y B4, & L CRBBREDIEICEE L TWwa Z LA
TRIBE N1,
INFETOREELSEObLDNONOEGHERED L
(2, BUEE 2 5N B RZKTT % Th AFPEEGB
EHREICOWT Y 2 —< Il T L O TRT (Fig. 3). M
R BRI 2 & IL-12, TL-18 D & 9 % IPN-y i
YA M HA CHEAESN TIRIOBEERENFEI N
BH, BPEBRPICIZIIALOF AL P IS VIZkoT
NK, NKT, yoTHIED X5 % HRGEY VK1 5D
IEN-y JEEDSw 707 7 — VI & 5 NO &4t L 2R EE
PEWBTLEEZONS, IL-23DOFREFTOVTIIH
BETEAHTH L, TNLORBITMA T, BESLL
BRI A & #ELE & LD TNF- a A% naive CD4 B hAiNE
WAER L CIFN-y A Z RS 2RO D PR S
N 5o IL-27 13 naive THIFICAER L C IFN- y A 2 3538
THEOW|MENDHY, ZORKICHG LTV TRENED
HbHo TOLHIHEICHEHEINIASI=ALITL
T, WEZL D EMITHERERIIHR LT 0L
Er2ohb, 5HRIEIINSOFE X SICFFEHIICHL 2

CThZET, XVEHEOE VT ZF % BRMOH
FADHITTWL Z e E N5,
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4. BREBICLD Thi YA A FEOEELETEDTF

TR PR B ERF SR A WSS TR PR

iU &I

HIRENEFER TH W I, oM RS TH
% mannose-capped lipoarabinomannan %°, & & 3 J& 12 f}
ELWEREGE2AAL T a7 7=V RIEN LT S
e TOMBRIZBATZ I L TE S, MaN
WCRALZREBREZ, 77TV -2V Y —LOE
ZHETLIETY 7T 7=V OMBAKE % T A
F—7L, MRNTHEET 5, FomE, HZERIHIR
M (DC) L@ DC-SIGN 24 L T 7 v & Mg iz
EL, RIS 2 #IH§2 2 b =
AEWHDHZEPHLPIZENTBY, Thdbidnwih
b W D persistent infection (CB 5T 2 EE L AT v 7 TH
HEEZLNDY,

— 05, KRG RARE (3R T Y 2N Y MEWDH Y,
FBE DO BGTld Thl M % Hol & L7258 B s
BHFEEND. OGRS THIBO 5L,
DCHLWIEY 7T 7 7=V XBEBHOMMNEB X O
ZN o OPURFORBIEAF T 5 2 L0, BiHIEOH
HEHEEL, MEANTERL I LT HMERICHL
T, DCRX 7 U7 7 —=IWRED L) RF CIHME LT
LOWESFLRVTHLPICT 22 &1, MY
B BRGRHERE 2 PR 5 9 x TEELREWY D %,

TITARMTIE, ThETITHEONLMALIEC, B
BIRIZDFHEIZ BT 5 BAANW O Th1 ¥4 b7 4 VL
DEEWEE, ZOFEIIIPDABERHKERTIIOWTE
L5,

RRARHHEEEIC B T 2 EEMEAD IFN-y E4E
BEODEEM

M.bovis BCG%Z <X 7 AIZEG &3¢ 5 &, PERFREDY
IFN-y EEAEME CD4 B TRIRASFHE S h, 2o THilE

DHGE B DO HRIENFEE T 5, — 7, BCG3E
BT A% LA, ARIETALNLH
AR IPN- BEAEVE THIBR OB B IL D S 1Y, B
MEFEDHER LRI, LA L, BCGHEBESTT AD
WM, AERRE~ Y A PRI & R BUERIEIC
LTV IL2 AR S 2R L, BEAEES % E
BEDLIENTEDL, 2NODOHHIE, BCGIEH %
THYUER R Th AR S W 525, BgikbiE %
9 THIROSLFEIIZAREIC L RS AT K TH
D, AWRIBIN L CORFES N D Bl omEh
BISEDPGEETHIEEZRTLEDTH b,

COTHROGLFED XA =X L% A P AL Vi
EDOVNVTHENTL2E 25, ThiMiBOMEIZES 3
% IFN-y O READSERRE TIZERD b 7z2%, BRI
WMTRRBDONLE W LD h oz, TOIFN-y &
RTHRIT % & RYHESE THIROFENHE SIS Z
LD, BREMPICELEINS IFN-y 28 THIR O 451t
AT, BiEREOFRICER L REHE LT L
AR E NIz,

REANEAD IFN- y FEA R ER

FA 7Y L — MR L RS B (PEC)
% BCGAW THITLT 5 &, IFN-y BAENFEIN S,
COEBRICEES A ML LISHT ABUEE AT
IFN-y PGS 2 ATz TOME, PIL-1256B X
OPL IL- 18 HUERDTRINC X Y IFN-y FEADHHI S D &
Ehbhoiz, T/, BEEBH~/ 17 7— Y% BCG
AW TR L 72354, IL-12 p40 B & UV IL-18 DREA: AR
OHNTze LL, IFN-y EAOFEIAD SNEH o
oo INLORBRBIVINE COEBRBEEBETZ T
BCGHAMRIC X AIFN-y BEEFERF* T L0 5 L,
BCGAMII~YZ 7B 77—V %2R L TIL-128 X O

- 35 a»



496

IL-18EAZFEL, TNOTA M4 v OREE ST
THEICNKHMBEAIEN-y ZEAT B b o7,

A, =27 a7 7 — YR DC LD Toll-like receptor
(TLR) HSEWikpl =, ZOBOMBMOEMHALICERE 2
BEERZLTOHLIEFHLNIENT WS, W
T, TOXEBELMBERSTHLIVRTIE )2 F
VR, TAARTTFINVA IV b= T, 19
kDaly RZ V87, B DI SEMERE AU AY TLR
2R TLR4 A TICL VBB S LI LPFHLNIIE N
TWhA9~D, 2T, BCGERWMPRT Thi&H 4 M7
4 VEAFEIZINS TLRGTHPE5 T 5050 % H
X% HWT, TLR/ v 27 77 b<7 A PECD BCGARW
FIBICHT 294 A4 VEAIRE R L, EOR;
B, E¥~YAPECIZHEKLT, TLR2 /v 7 T 7 b
¥ A PECTIZIFN-y B XU IL-12 pd0 BEAEAN 1T E A &
R HNT, BCGAER THE SN D IFN-y #EAEFEIC
TLR2 VR G T A2 R ENT, 36T, 20O
TLR2 DM 5 23 %720, TLR2 % 5H 5 % HEK
203 % BCG THIHE L, NF-xBOEHAL%E FH <72,
HEK 293 fll 4 % BCGE B TR L T NE-« BOIE M
LIEFHE SN H o 7295 TLR 2% 383 L7z HEK 293 4
2 Cld BCG A W ##, V> NF-« B OIGEPEAL 2335 5
ENTce 2O EPS, BCGARRBMED IL-12B LT
IL-18 A~ 07 7 — Y ED TLR 2 THEER
sl 2R L, TLR2IC K DRk S b BCGHRRE T
A, BifseiE A2 ) THIROSMEFRICAT R TH S &
Zz LNz,

BCG b LUHEBEAE IL-12 E4EFERTF

INE TOMIA S, BCGHARIZIX IFN-y pEAFHE
B854 5 TLR2V & ¥ FAEFEFEL, 2O BCGHRTAH*
BitiiseE % 1) THIROSMMEFE ISR TH L EE R
S5N7z. 72, BCGHEH D IFN-y JEA T ERE DA W I
HELTELLGEWI E25, ZORTILRAERER KD
Tid% <, BB VEE SN DS TH L RN
NEz LN, ZZThhvbhid, BCGH D5 UK
SWCEHL, Z0% A Mh A VEATFERL LB L
726 BCGT~Y 27077 =Y %R L-%E, B4R
BT A M A A VEEADFRDONDZ &b, K
BRI O BCG % sorton35Hi C24 MR L, f#o N
72 BiE % BRAL A BT L C culture filtrate % SR8 L 72,
ZOHA MAA VEAFTEEEEZRRIET S, IL-12
P40 PEAE G AR b, — T, FMOBETHR
B 723 2K D culture filtrate (217 OEMEIZEED S
ol EHIZ, TOHA MAA VEAFEEEX
BCG 7213 T 7 4% B H R @ culture filtrate 12 & 588 5
N, ¥ culture filtrate T TLR 2 % 3§ 3 L 72 HEK 293

¥ HET79% 45 8 5 20044FE 8 H

WM 2B L7228 & A, NF- ¢ BOWERALATHE S Lz,
INHDFERDP S, BCGH 5 \WITFEKLE O R4 1
WHHIZE TN 0WHFPE R CHE LI NS IEN-
y BEECHE T2 0L EZ bN, T2, ZoOREDL
WO TL-12 p40 A EEME I, proteinase KALEL S %
WL MBMEIC L D FE LT L2 &b, BCGR
KR AT B8 v 7 RTFAZ OEEEZES 2 &
DIRENTze N FRFTTNRIAL MV AT 22T
DRFORERERATE A, WL ODOREEE S
BNz, 209 B, RLBWIEEIE, N FaFd 78
A NITAITHAEL, 55F =100 kDall o HERY R
ERSTREUHSIHFET LI LR ENTLEHIT,
Z D50 IL-12 p40 jiE A FHETHEVEX proteinase KALEEIZ
IVEELAZEDS, COMBPICEENLFWMES ~
287 W53 75 BCG R A A% T & Ge 1% O TFN- y EAL RS
55 32FELRTTHLEEZ DN

¥ & 9

BCG A B A5 2 B 503 0 535 12 1 R B 4 1
WCHEASND IFN-y DNEELEEHZ R LTWwE, Z
DY A WA vEEIZIEIYIT T 7 — Y EDOTLR 2%
FHEE L, BHOYF Y FEFERLTHAL bIA VE
HIBEZERT S, bRDWEHEHOED X9 ZRETH
ZDYA P H A VREABEICEES T 5O TN
%17\, BCGB X BN ER O L ICHFES
BWEY R HTHEOREE R 72T LERL
7o BEZORT ORI EZRA TS5, IFN-y EAED
FHENIT Z D IL-12 p40 A FFHEN T DA B 2 K728
BE59 52 EARBREINTEY, 5HE SIHIT D,
INLORTZFE L CTEEDH O A M h A VEES
BOANZALDEBRBEHLNPIZL TV FETD
b

X [

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.
J Exp 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-

- 36



Symposium/Basic Study on Tuberculosis

like receptor agonists induce distinct macrophage responses.
J Leukoc Biol. 2001 ; 69 : 1036—1044.
6) Brightbill HD, Libraty DH, Krutzik SR, et al.: Host defense

mechanisms triggered by microbial lipoproteins through

497

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. J
Immunol. 1999 ; 163 : 3920-3927.

5. M- GikERT 7 F > OER EFHE

BNTAT B N E ST BRI 8 P e B O & — BRRAFZE v & — AT M 4eF]

ER BCGL Y UMNLEBTFH I 2 F v THIHL
WDNATZFvRYary¥F v hBCGY 7 F 2%
L 7z (1) IL-12 DNA+HSP65 DNA (HVJ-liposome “N
75 —) D7 27F iEBCG &Y D 10055 )] AT B
D7 FTHDI LML THLMI L, &
DT FEFT— TOHLE M L7z R ARG
HEHV, EVEY ORTLREREE L REMAEE
BN R THREZR L7z, (2) IL-6 Bz
T2 FIENBEET T THDH I EENO TR
L7z (3) & bAEKNPURAZSEIZE BN € 7 )L SCID-
PBLhuZ MO THFE L7z, (4) & FORFREGE TV
W DI WA =27 4 F % vy, O HSP65 DNA+IL-12
DNADZF ¥, @Y)ary¥+ v 72t BCGT 7 F ¥,
BTARE Y V30 T2 F v ORI BREET T 7 F
MR EH, S OIAFFRYE, EMIREAOLN
72 (5) WHO STOP TB VACCINE MEETING : 2004 4E
I WHORFED A v /N —2:# (X, HSP65 DNA+IL-12
DNA7 7 F Vi3 & bOTEVEHME % %13 720

iU &I

WEZICHROANOD 350 1 RO BY % %
I, FOHP»LEE0TT AN EENTEEL, 200
FADPBAEREETIEELTWS, RAKDIEPHED 1 DT
b 19984F, K[E CDCHB L U° ACET X F At o k4%
70 F YRBOLESRERE L, L2 LR S, BCG
R D2 T 7 F VIERCKR TS RIS HIZIZE > Tw
TV, DNUONIEBCCE D DI DRI L
DNA 7 7 F ~ [Hsp65 DNA+IL-12DNA] 1 2~ ¥ F
YIFBCGUZF v [Var¥F 726 BCG]l, 72
=y FT 7 F ORI L7z (Table 1) ™Y, Th
5OMGEREE LI, FILWERY 27 Rl 3
il DWW Tk 5%,

HEEHER

(1) ¥y 2 F v o
ODNATZF v, @ Ta2=y vy sFv, @Y
Y¥F Y NBCGT 7T v (BERLEEE &) (SR

ENBHVY, Y RATIZBCGT 7 F V%2135 I HE
FTHEHLWEEY 7 F Vi3 & bdDTH%\ (Table 1) o
(2) DNAT 2 F ¥

bbb iE IL-12 DNA+HSP65 DNA D 7 7 F ¥ 54
FexhEEzamL, HVI-U KV — A F 7213, gene gun &
WEETHETBCGL D b &b Tl % (§100
f5) BT 2 F 2 ThHDH T L% BALBY T ADR
THLMZ L (Fig. Ao 727 FUhEE, 55— TH
e Th1 MiflE D5 L#HER IEN- 5, IL-2, IL-6 DMEA%E
Wld 2 ko THRIESNZY Y, MBIER AL
SR/2IT741M ¢ ZARMIIE L, IFN-y OREATH
T EWE L. ZORE, T FUREFT—
TG RFE R RD SNz (Fig. B)o X512, Kl
WAEGRZ G, EVEY FORTHHE, I, Bowk
R E WML D AR 2R TFis a2 R L
729

EBHIZ, 4FTOAAVAR Y ¥ — X 1 100055 B 5%
25 X W AAV(2/5)/HSP65 DNA 77 7 F ¥ % I FLIZ S BR 1
THEH L 72,

(3) BT 7 F
TFEITALNWVANRY & — |28 AL 72 IL-6 53 5T
(IL-6 gene+1L-6 L 2 7 ¥ — gene+gp130 gene) ¥ BCG
X0 LD RIEHET 7 F R ER LT (Table 1) IL-6
BLEEIET 7 7 T V%, BERICHT 535 — THlleo
LB X O IL-28 L OIEN-y O REAFE 2 iR L 72
(Table 1) V2,

(4) ¥y 72=y vI 2 F

72f fusion & K1 (Mrb 39 & Mitb 32 O fusion&H) 7 7 F
¥ +BCG Tokyo7 7 F V' BN H =2 £ ¥V T
BCG LW MM T 77 F 3R eERTIEEZWS
A2 L7z (Table 1, Table 2)o & b DZ A4k A% B &
in vitro % T b 7255 % W T THB S35 % (IFN- 5 ,
IL-2, TL-6ZEREZ% ) HSHE5H L7202,

(5) Vavy¥F v FBCGT 7 F ¥

PNN, ¥ ¥ PV RZ ¥ —% v, BASI (Ag85A + Ag
85B+ MPB51) Y 2 Y EF ¥ b (BCGR 72fAlE % > /%
2 @ DNA % E A L 72 72f tBCG ORI KII L, #HH
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Table 1 The development of novel vaccines against tuberculosis

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

(2) Recombinant BCG vaccine
(D recombinant 72f BCG

(@ recombinant (Ag85A +85B+MPB51) BCG

(3) Subunit vaccine
Mtb72f fusion protein

(4) Therapeutic vaccine
IL-6 related DNA vaccine

(IL-6 DNA +1IL-6 receptor DNA+gp130 DNA)

(5) Priming-Booster Method
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 0s)

(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

1.0E+0.8

1.0E+0.7

1.0E+0.6

1.0E+0.5

HSP65+1L-12
vaccine

BCG Tokyo
vaccine

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

HSP65+1IL-12  BCG Tokyo

vaccine vaccine

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

WZHE R 7% TEN-y AR THIRB 2L O 34 5% % Elispot Assay
THOLMIZLZY2, &5, INHDBCGIEYTAB
FOENVEY POKBEEORTBCGL Y DM %ET
oo FvThabI iRl (Table 1)o 72, FE
¥ %7 311, 88f, 59f, 71f, 72{-85BD DNA% EA L
72 1BCG Z{E# L 7202,

(6) attenuated %7 7 F

bhvbhid GEMEKR AHERE) aktBEFEX

L& EHNL) AT THIC Ag85A-, 85B-, MPBS5I-
DNA %38 A LI LW T 27 5~ % Bi%E L7z (Table 1)

(7) FHLwve bAERNAZRERTE TV

SCID-PBL/hu (& MEBE Y 7 F VBT ET V) & H
W2 R RIS, EEERECRERN e M F
S — THEZRTHPM AR, & MEET 7 F V202
EFNVERE L2 ESAT-6RX7F F&f5 1L, 2h
WCHF R T HLA-A 22 R e b ¥ T — TR AR
WTHES S Z L IZHDTHII L7 (Table 1)

(8) FLWFAEY 7 F » DEREISH

E5HIZ, E hORBEEETIVICRDEVHT)HD S
DH =% 4 ¥ (Nature Med 1996) DFEZLIEGE TN %
JHV», HVJ-liposome/HSP65 DNA+IL-12 DNA 7 F ¥,
72 BCG 7 2 F ¥, rT2@E Y v 87 +BCGHET 7 F
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Table 2 The development of novel vaccines using cynomolgus monkey anti-tuberculosis effect of
HSP65DNA +1L-12 DNA vaccine, recombinant 72f BCG vaccine and 72f fusion protein+BCG

Immune
Three distinct kind of TB Prophyla(_:tic . Improvement of Increase in Improvement of w
vaccines effect against Survival BSR body weight chest ' Proliferative
M.TB X-ray finding responses of
lymphocyte
(D HVJ-liposome
/HSP65 DNA + ++ ++ + + + + +++
IL-12 DNA vaccine
@Recombm.ant 72f 1 T I i i I
BCG vaccine
(®72f fusion protein
+
1BCG ++ ++ + + ++ ++
@ Control (saline) — — — —
YOBEMEERRDD A= A3 EREL, &K H2kDLTHA9,

R 4EBICe MR Erdman Mk 2 A ER S L
720 ARE, KIR, Mk, ME XA, VKB X OHEFE
RN L 1 ED ERERBIE L, ShO5OHTIZY 2 F
CHURISRS BRI NERBEBOUS B L O 4 b
4 VA DOHERDFAD SNz (Table 2), 72, WERX
TR, ML OERN R, RERDORLIERREIFED 5
Nz, SHICEMIEDRED LN, T4hbE, HSP6S
DNA+IL-12DNA Y 7 F V& 5.8 8 L O°172f BCG 7 7
F U TEH L GRR % D720 Ag8SB-ESAT-6 @& ¥
> 23278 (Andersonti 1 5) 77 =7 7 £ )V RAIZ85A
DNA%#EA L7277 F » % 185B BCG (Horowitz 5) %
clinical trial DS WFREZE Z 5N TW5BY, L LEd5S,
ROLTNRDOT B ECEIRISH Y 7 F VB OZEIHE L
‘T HSP65 DNA + IL-12DNA 7 7 F U H3HIF SN b, K%
bEN%bDE LT, OHSP65 DNA+ IL-12 DNA Y 7
F v, @r2f BCGT 7 F ¥, @72 fusion&EHT 7 F ~
(9" TIZ phase I clinical trial) +BCGHHEAHIF SN 5,

Z =

CHRSDH LWKERT 7 F >~ OBEFEIFZEE { S
27 WHO STOP TB Partnership 3 & OF WHO STOP TB
VACCINE GROUP MEETING ZEH &z, bhvbh
@ HSP65 DNA+IL-12 DNA Y 7 F ¥ 25  §ffi S 72
(Table 1)o ¥t > & — ZIPRERHEE i aT) #F
vatrnkryy—ThY, HEOEBBZEDOK50%
DEHEHRETo TV IBERERITEZZRY VT —2 % H
vy, HSP65 DNA + IL-12 DNA 7 7 5~ 5 X UF r72f BCG
77 F v OBRISH%ZEE L Twa,

V2B Tid HSP65 DNA + IL-12 DNA, 172f BCG
BILUORMMESY 7 BHLPICTSNTWBE I E &
D, TNHDT T F ¥ HFEBDFRET B LG IR LD

i i

] 37,955 e B o 8 P DR fB e v & — BRR I 28 & v
y— HWEE, BEET, RILSHT, HARBET,
GHMT, HICHE, BIETF, WEME, EihaTE,
WOGRAE, WOk, IHHEEF, MRAEM, HE%
—, BAEER, WAGH, BIRER HHEL, HN—r3—
FK ; Mulligan #$%, Leef#it:, RWGK ; ILH, KK, A
AL, BOK ; SH#EIR, K, FEEL, Corixalf
ZE7T ;Reed, Skeiky, Gillis %181z, Leonard Wood B 5EfT;
Gelber, Tan, Cruz &1, Texas A&M K% ; McMurray
5 & DILFENITE, AL BT 7EE R - FR%
PIERFZEFHE DT % 2T 720

X 8

1) MHEF  SEEREET A b4 V. BEOHO A
2004 (HARH).

2) FH&R @ HBERE ORI IED Bz 2R GRS
SFORRBICHET LI [MEEFT— T /98-
BB ERIC X 2 HRBMIICESCHBET 25~
(472=v - DNA-- YTV ¥F ¥ FBCG-T 2
F ) ALFREHORFEIC L 2 H L EE - T -
FWE]. BAMEERMSERREE - TIRkE
. 2004 ; 1-128.

3) Okada M, Tanaka T, Inoue Y, et al.: Novel (recombinant
BCG- and DNA-) vaccination against tuberculosis. Thirty-
Seventh Tuberculosis and Leprosy Research Conference.
2002 ; 171-175.

4) Okada M, Yoshimura N, Kaieda T, et al.: Establishment and
characterization of human T hybrid cells secreting immuno-
regulatory molecules. Pro Nat Acad Sci USA. 1981 ;78:
7718-7721.
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—* The 79th Annual Meeting Symposium *

CUTTING EDGE OF BASIC STUDY ON TUBERCULOSIS

Chairpersons : 'Masao MITSUYAMA and *Kazuo KOBAYASHI

Abstract During the past two decades, we have observed
outstanding advance in tuberculosis research including im-
mune response, identification of antigens/ligands 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.
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 immuno-
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 pathophysiology of tuberculosis. Dr.
Ikuya Yano (Japan BCG) reviewed the major classes of
glycolipids and presented some applications to clinical and
bacteriological diagnosis. M. tuberculosis 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 Matsumoto (Osaka City
University) discovered MDP1 as a possible mycobacterial
factor responsible for slow growth. He mentioned that MDP1
might be involved in the dormancy during the long course of
disease development after primary infection. Dr. Kazuyoshi
Kawakami (University of the Ryukyus) presented many inte-
resting data on the importance of various cytokines, especially
Th1 cytokines, to resistance against experimental M. tubercu-
losis infection in mice obtained by using cytokine-knock out
mice. The relevance of animal data to clinical observation was
discussed. Th1-dependent cell-mediated immunity is regarded
as the most effective immune response in the protection. Dr.
Tkuo Kawamura (Kyoto University) employed animal model
in which only 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

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 Ikuya YANO (Japan BCG Laboratory)

Mycobacterial envelope contains a great variety of wax-like
high molecular weight lipids which contribute to its 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” -dimycolate) and the related myco-
loyl glycolipids 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 (PIMXx) 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 components
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 (MDP1) is suggested one of key
molecules in latent infection. Here we show that extracellular
MDPI1 promotes mycobacterial adherence to A549 human
lung epithelial cells through hyaluronan. Simultaneous
treatment of intratracheal mycobacteria-infected mice with
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HA reduced the growth of bacteria in vivo. 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)

Th1-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- y -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-y 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. tuberculosis to generate protective immunity by
inducing endogenous IFN- y production: 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 Thl
cytokine productions, we prepared a culture filtrate from 1d-
culture of M. bovis BCG and M. tuberculosis, and measured
the cytokine-inducing activity. These culture fiitrates elicited
IL-12p40 production from peritoneal macrophages. They
could induce NF- ¢ B activation in HEK293 cells expressing
TLR2 and the activity was sensitive to treatment with
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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)

HVJ-liposome/HSP65 DNA +1IL-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+1L-12 DNA
vaccine showed stronger anti-TB immunity than BCG in the
mice, and guinea pigs. By using these new vaccines (HSP65
+1L-12 DNA, r72f 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

"Department of Microbiology, Kyoto University Graduate
School of Medicine, 2Department of Host Defense, Graduate
School of Medicine, Osaka City University

Correspondence to: Masao Mitsuyama, Department of Micro-
biology, Kyoto University Graduate School of Medicine,
Yoshidakonoecho, Sakyo-ku, Kyoto-shi, Kyoto 606—8501
Japan. (E-mail : mituyama@mb.med.kyoto-u.ac.jp)
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