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Table Relationship between tuberculosis and candidate genes in many populations

615

gC:r?g idate Chromosome  Allelic gene/Polymorphism Population (S;;ggrt s/normal) /(I)’d‘(’j :]li:m S:Cf:r'
IL10 1q31-q32 —1082A—C Gambian 358/106 1.8 (1.2-2.9) 1)
ILIRA/IL1B 2q14-14.2 IL1RA A2-/IL1B (+3953) A1+ Gujarati Asian 54/65 0.028 2)
IL1IRA 2q14-14.2 allele2 Gambian >400/400 0.03 3)
NRAMP1 2q35 INT4 C+3'UTR del Gambian 410/417 4.1(1.9-9.1) 4)
NRAMPI1 2935 3'UTR Korean 192/192 1.8 (1.1-3) 5)
NRAMP1 2q35 5'(GT) n, Asn543Asp Japanese 267/202 1.9 (1.3-2.6) 6)
NRAMP1 2q35 INT4 C Guinea-Conaky 44 pedigree <0.04 7
1L8 4q13-q21 —251T—A White/African American 167/180 3.5(1.5-8.1) 8)
IL12B 5931.1-g33.1 (ATT), Hong Kong Chinese 516/514 2.1(1.5-3.2) 9)
HLA classI 6p21.3 Al, Cw6, Cw7 Indian 235/289 <0.001 10)
HLA-DRB1 6p21.3 DRB1*1501 North Indian 20/46 4.8 (1-23.3) 11)
HLA-DRB1 6p21.3 DRB1*1501 South Indian 126/87 2.7 (1.3-5.9) 12)
HLA-DRB1 6p21.3 DRB1*1501 Mexican 50/95 7.9 (2.7-23.1) 13)
HLA-DQB1 6p21.3 DQB1*0503 Cambodian 78/49 0.005 14)
MBL 10q11.2-21  R52C, G54D, G57Q Indian 202/109 0.008 15)
MBL 10q11.2-21 G54D South African 91 (64) /79 <0.017 (<0.002) 16)
SP 10922-q23  1A® Mexican 107/101 9.3(1.6-53.4) 17)
VDR 12q12-14 codon352 (tt) Gambian 408/414 0.01 18)
VDR 12q12-14 Fok 1 ff or undetectable VD Gujarati Asian 71/42 5.1 (1.4-18.4) 19)
IFNG 12q14 874A—T South African 313/235 0.0055 20)
P2X7 12q24 —762T—>C Gambian 323/347 0.55 (0.32-0.93) 21)
IL12RB1 19p13.1 R214-T365-R378 Japanese 98/197 2.5(1.2-5.0) 22)
IL12RB1 19p13.1 —2C—T Moroccan 101 pedigree 2.7 (1.2-6.1) 23)

IL1RA, IL-1 receptor antagonist; NRAMP]I, natural resistance-associated macrophage protein 1 (SLC11A1); MBL, mannose binding
lectin; SP, surfactant protein; VDR, vitamin D receptor; IFNG, IFN- y; P2X7, P2X7 purinergic receptor; IL12RB1, IL-12 receptor 81

1) Delgado et al. J Infec Dis, 2002.  2) Wilkinson et al. ] Exp Med, 1999. 3) Bellamy et al. Tuber Lung Dis, 1998. 4) Bellamy et al. N Eng J
Med, 1998. 5) Ryu et al. Int J Tuberc Lung Dis, 2000. 6) Gao et al. Clin Genet, 2000. 7) Cervino et al. Ann Hun Genet, 2000. 8) Ma et al.

J Infect Dis, 2003. 9) Tso et al. J Infect Dis, 2004.  10) Balamurugan et al. J Infect Dis, 2004. 11) Mehra et al. Int J Lepr Other Mycobsct Dis,
1995. 12) Ravikumar et al. Tuber Lung Dis, 1999. 13) Teran-Escandon et al. Chest, 1999. 14) Goldfeld et al. JAMA, 1998. 15) Selvaraj et
al. Tuber Lung Dis, 1999. 16) Hoal-Van Helden et al. Pediatr Res, 1999. 17) Floros J et al. J Infect Dis, 2000. 18) Bellamy et al. J Infect Dis,
1999. 19) Wilkinson et al. Lancet, 2000. 20) Rossouw M et al. Lancet, 2003. 21) Li et al. J Infect Dis, 2002. 22) Akahoshi et al. Hum Genet,
2003. 23) Remus et al. J Infect Dis, 2004.
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Table Search for predisposing factors in pulmonary MAC disease

A. Candidate gene
Sporadic pulmonary MAC disease
(1) HLA-DR6 (Takahashi M, et al.; Kubo K, et al.; ATRCCM. 2000)
(2) NRAMPI (our study)

Familial mycobacterial disease

(1) IFNy -receptor 1 (Newport MJ, et al.; NEJM. 1996)

(2) IFNy -receptor 2 (Dorman SE, et al.; JCI. 1998)

(3) STAT1 (Dupuis S, et al.; Science. 2001)

(4) IL-12 p40 subunit (Picard C, et al.; ATHG. 2002)

(5) IL-12 receptor B 1 (Altare F, et al.; de Jong R, et al.; Science. 1998)

B. Genome-wide search for predisposing genes

[Individual Genotyping] . Length (bp) .
190 200 210
Sample 1 A | . 100 samples X 20,000 markers X 2
Sample 2 ! ! J =4,000,000 PCRs

Sample 3 _L ‘
Sample 4 . ‘ ‘

Sample 100 I A A l

Allele A B C D E F

[Pooled Genotyping] _!_

Cases * 1 pooled DNA X 20,000 markers X2
=40,000 PCRs

Sample 1-100

Controls ST
Sample 1’-100’ B .
A

Allele B C D E F

Fig. Principle of pool typing of microsatellite markers
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Fig. The development of novel vaccines for M.tuberculosis using animal models

Table Survival of cynomolgus monkeys immunized with HVJ-liposome/
Hsp65 DNA +IL-12 DNA vaccine and recombinant 72f BCG vaccine

Total

Vaccination monkeys Survival % Survival

HV]J-liposome/Hsp65 DNA 2 50
+IL-12 DNA

Recombinant 72f BCG 3 75

BCG Tokyo 2 50

Saline 0 0

Cynomolgus monkeys (4 monkeys/group) were immunized three times (every 3 weeks)
with (1) HVIJ-liposome/ Hsp65 DNA +1L-12 DNA vaccine, (2) r72f BCG vaccine, (3)
BCG Tokyo and (4) saline as control group as described in Section 2. One month after
last immunization, M. TB (Erdman strain 5X10%) was challenged by intratracheally
instillation. Survival was studied more than 14 months.
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granule-dependent DB THE 2 L, REMICIIHEEE %
BT IEFBRESNTVS, ZOF5—-TOENANDOE

HT3 % granulysin iZ EHEMENOEZE KT,

ZHIM R B E R >~ 733k % PPD T 4 H M
LT, V) »7%3K® granulysin mRNA % RT-PCRIZCCEE
L7z ZORRLHIHHR/REZETIIREANICKLEHR
RETARDON, T2, BRBEEHOHEBUEKT
¥ 7 — THIRIE T BIASE2%0 S hiz,

(Bl K77+~
(1] HVI-liposome/Hsp 65 DNA+IL-12 DNA 7 77 F >

XYATIEBCGI 7 F V25N EETAHH LY
BRI 7F V& hLDTAH R\ (Table) s bhbhiZ®
Hsp 65 DNA+IL-12 DNA (HVJ-liposome X 7 ¥ —) @ 77
7FVIEBCG LY b 100N B FHT 7 F T
b5 LEHFIERITITHOMI L ZOT7F>
3FT—TOZLZ ML IFN-y, IL-2, IL-6DEE%
HEE L7z,

(BH7 7 F ) & 51, Hsp65DNA+IL-12 DNA 77
7F VIZBBREET 7 F R BR L. BORTIRE®E
77 F I RER.

(M Var¥+ v 726BCGT 2 F >~
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Mtb39 & Mtb 32D 72 fAl & & K DNA % E A L 7z r72f
BCGU 27 F VI IABIPENLEY FDRTBCG &
DOENRIIF U THEIEERL

(] EVvEy b (EERERARLR) & 72 Hsp 65
DNA+IL-12DNA 7 7 F ¥ DA%

Hsp 65 DNA+IL-12DNA Y7 72 F Y iXBCG 7 7 F ~ 2
HBLTEEEZ2 b - THOEKAFE, RETROY
&2 BB 7 (granuloma index D EXR) o BHHICKFE
B 7% IFN-y B4 THIFL 3R D 358 % Elispot Assay THi &
2T L7202,

vl #H L e b KRR RIERITE 7V SCID-
PBLu (2Lt 7% —y 8/ v 777 F NOD-SCIDZ
t FPBLY i pBRELTHERLA) 2D THRRE L.
Z N % B v T & HVJ-liposome/Hsp 65 DNA+IL-12 DNA
T F URHREBITRTH B,

(1) Lk MEAREKRERITET IV

SCID-PBL/hu (& MEBE T 7 F VY BITETFTN) 28
Wz ERl RIS, BEEBCERN R M
S— THERRTEPN R, © MNEKT 7 F 2Rl
EFNERFE LY, ESAT-6RT7F F2HE5L, ThiZ
BRI THLA-A2WEEEZRTE P37 - TEEKANT
FETDHT LMD THRIIL 72 (Fig)o

(2) HLERT 7 F ¥ OBERIEH

EHIC, € MOBBREEF VIR EVHT KO X
DI =27 4 ¥ (Nature Med. 1996) DIEFERGE TNV %
Hvy, HVJ-liposome/Hsp 65 DNA+IL-12DNA Y7 7 F ~,
1726 BCG 7 7 F Y DEME R BI2029, h =27 4 FIZ
3EIGREL, RERE4EZICE MEKE Erddnan k%
BRERE L. #hE, 4R, mikt, WBXK YK
BIUAHFRZHBNL 1 FULBRBBREL, 20D
BETIIT 7 F U HEICHT BRI Y & /S BRIERE RS B
LY A M4 VEADHEBSERD O/ 72, W
X#ETR, mMitosEHNE, FRERDOHIESRBED
bz, SHICERFESBOLNIZ, T4bb, Hsp65
DNA-+IL-12DNA 7 7 F Y 5HB LA BCGT 7 F
VREBLREMBEE D (Table) Ag85B-ESAT-6
P& % /%7 8 (AndersontEL5H) 72 =74 VR
IZ85ADNA%# 8 A L7277 7 F ~ % 185B BCG (Horowitz
5) b clinical trial I WIFEREZ HNTWBY, LAl
BH5, BOLUNKRDOTEECEREEEY 2 F Y EHO
%P L LT Hsp65DNA+IL-12DNAT 7 F U BT 5
nNad, BYEHZLDL LT, OHsp65DNA+IL-12
DNA7 27 F v, @r12fBCG7 7 F ~. @72f fusionZ&H
Y7 2 F ~ (4 TIZ phase I clinical trial) +BCGIRFE D H
bhb,

[VI] WHO STOP TB VACCINE Meeting

2004%F 4 BIZ WHOSREMRABE S W LVWREKY 7 5

% 4580% £95 2005698

VOHENE SNz, (1) Hsp65 DNA+IL-12DNA 7
SFVIZELDTEVEMZ T2, (2) 172BCG7
I7F L EBIHFEIR TS,

z &=

IRLSDOH LRI ZF Y OREMAENE L F
{ifi £ #1. WHO STOP TB Partnership 3 & U8 WHO STOP TB
VACCINE GROUP MEETING (2B H & iz, bhbhd
Hsp65DNA+IL-12DNAY 7 F Y @ FF i s h 2
(Table)o Yt > ¥ —IFFRIEE (BEEEL)ETF Y 2
FNEry—ThHY, BEAOEHBEROH50% DD
BETo TV AREKERTRSEAY M7 —27 2R\,
Hsp 65 DNA+IL-12DNA 7 7 5 » 8 K U 172 BCG 7 7
F Y OBRICAZEE L T\w5,

# 33

B % B A S R B B v & —BRIRAT 7R v
y— HFEE, BELET, RILSHF, HABETF,
SEHRTF, BEEE, BHET, HHEME BAFTE,
WOFE, HVoah, IWEEF, MRASEMN, HFLx
—, RAER, RALR, BREKX; FHEL, H—N
— FK ; Mulligan #3%, Leeld L, EWA; UH, KK,
WEESEL, BRA &HER, ®A; FEkEL, Corixa
B FEFT s Reed, Skeiky, Gillis & 181, Leonard Wood B 7277 ;
Gelber, Tan, Cruz &{%1:, Texas A & M K% ; McMurray
Bt o L DkREFE. EEGFBHRFRARNA  FERR
REMRBXEOZBEL I,

X 73

1) MEEZE  EERELEFA 14 V. BEZDHO A
2004 ; 209-213.

2) MEEF  SRBEEORERBICES  H-kibRE
SORBICHTAHME: (MEKFS—TY V3% -
REBRBEOC L 2MBHBHEICEICERT 77~
(72=y b~-DNA-+- VI V¥ F ¥ FBCG-7 %
FU) - ALEREHOBBILBH LEE - T -
PHE]. EANEMARBY SERBES - TEHE
#. 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) OkadaM, 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.

5) KitaY, Tanaka T, Yoshida S, et al.: Novel recombinant BCG
and DNA-vaccination against tuberculosis in a cynomolgus
monkey model. Vaccine. 2005 ; 23 : 2132-2135.
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4. HBEOKREEICET 323 FEEFOHR

EXRMRERZRMAEDERE A0 X

U B

REEOMEICHTAAFBLUZORIETFICEHLT
BECEZOBEVH D, FLHOKEREICHT S
FEHIEROBEFROBE S EEHRVTWS,

b b i AR B Streptomyces kasugaensis D orf3,
orf SRIEFAHEBEOHEICET 2BIZF T, BEED
mIHF, Rv1390L 7 I VLAV THEWAER Y —% K
T 5 &) [FH%E 1S 72 (from K. Akagawa. personal commu-
nication) o % < T#E% B O integration host factor (mIHF)
& ZOBRFBRIZTF % Mycobacterium smegmatis J15CS ¥RIZ
BAL, TheOBEFITTT4MBBATD M. smegmatis
DHEFEZHEATHE VI BRRERU L 2OTHRET %,

mEEFE

(1) WEEREER
KBH - fiBE Y Y PVRZ ¥ —¥ LT, pYT923»
{< hygromycin ii§ ¥ % AR A 72 BRI O pYT 923hyg a
%, TEEITIE M. smegmatis TISCS% v 72, & MEIKE
HH M. tuberculosis H3TRv @ mIHF, mIHF-gmk-Rv1390 &
EFEELHR EN2 ¥ —pYT923hyge ICHEAL, &
N OB X B% M smegmatis JISCSERICTEH R L T,
J15CS/pYT 923hyga, J15CS/mIHF, J15CS/mIHF-gmk-
Rv1390 % 13720
(2) InvitroEER
L FEREH TOREREL Ziehl-Neelsen fefa % 1T o 72

1.0 -

0.6

OD 600

04

02

Tween 80 L-broth, 37°CTH#H L, HMEMARELERL
o WBEREME, 7THEEOITZ—IIDOWTIH,
EER, BZERETHEMEBREZITo7

(3) ExvivoEE&

vy AT 077 — %K ITT4AL% Lab-Tek chamber

slide 3 % \» 1 24 well plate IZ monolayer {IC FA % L 7z, &
BEREHRTT7 HEEELLE, 5umD 74NV F—T
5iBL, 105~ CFU/well B & €72, 3REMARK, 2
[ #:# L, amikacin 200 xg/ml il RPMI 1640 medium T &
SIC 2B EL, IRNOEEZRE L. medium®
#1%, 5%CO,incubator ©37°C 3 H M} % L 72, Ziehl-
Neelsen Jefa & MBI AR R Z TR L7z 742 M. smeg-
matis J15CS/pYT 923hyg a, J15CS/mIHF-gmk-Rv1390 @
BE2HEOMBICOWTERBMEFHMETHREL
pALS

= R

M.smegmatis J15CS, J15CS/pYT 923hyg «, J15CS/
mIHF, J15CS/mIHF-gmk-Rv1390 DY EE KM T2
O=—DKEE, Ziehl-Neelsen e BIZ L ZHDOKE K,
PURRYE, WA COMMBMARICE I LA o7 (Fig. 1o
EEREFRMERICECIZRAD SN hozh, Bl
MEFHRME CRANBMBEE L BB L2&R, 115CS/
mIHF-gmk-Rv1390 DHRBEE D NRIASIEE L T 72,

1774 MRS E B OB Y AR E X 2D o720 LA L
1 B 55 #5213 J15CS/mIHF-gmk-Rv1390 LLA} & T &

1115
: vector
: long

: mIHF

40 60

Incubation time (hr)

Fig. 1 Proliferation curve (Tween 80 containing L-broth)

J15: M.smegmatis J15CS, vector: J15CS/pYT923hyg «,
long: J15CS/mIHF-gmk-Rv1390, mIHF: J15CS/mIHF
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J15CS/pYT923 hyg «

day O

day 3

W% %80% %95 2005469 A

J15CS/mIHF-gmk-Rv1390

Fig. 2 Proliferation of bacteria in J774 cells (Ziehl-Neelsen staining)

BARIHOMENBED LN, MBRTERL, HELRHR
B % R L C\Wieds, J15CS/mIHF-gmk-Rv1390 13 B D f
EVROLNT, HEBEEDETL T, 3HEBEIZIXS
DEFHEETH o2 TRBEDITTAMBOIEILLT
72 (Fig. 2)o J15CS/pYT 923hyg a, J15CS/mIHF-gmk-Rv
1390 % ZEBHEFHEMBECTBREL/IER, EHAI7T744
FADERBPICEY AT N TWAEEIRD Shi, J15CS/
pYT 923hyg a I3/N S L ERENICIEE 2 EFBRE SN2,
L % L J15CS/mIHF-gmk-Rv1390 13 K & % BRI EAL
L72EARO bz BEMNIEREEDTEAED 5
h, BEFEEORVWATHESR LN, LiL, Th
LOMBRNAREKZER LR ZRZH6NT
J15CS/mIHF-gmk-Rv13901 J7T7T4 I THARKR L T 5
DR SN,

Z &

M. smegmatis JI5CSIZ 1774 I8 D A T% L, k Ml
EREMIETH B ASOMBBTOIMY AT h, ARL .
UL, MIBBTEEL-FHEIFZICRKEASN, £k
TAHIDITIIBESELHEOHDIRENEETH -7,
BERENEEPFELEZE CTH-o Td, BREUISRL S
ZEMONTEY, b MIORZWHEETF OB EH
TbhTwad, BAOERE LT, ZOHRROMHI
BELBERERETLLEEL LMD,

KEA% T D mIHF-gmk-Rv1390 D 3 O O BIZTF % BET
5 Z L { M. smegmatis JISCSIZHEA L 72D DI, in
vitro TIXZED 2 20 7225, BFHEME CITHREO A
FREL TWBESBRE SN, ZOBMITHELE OM
REEDRTF KT A VBOMNBTH o720 ZOWHEIC
DWTIIRIEMBTHTH 5,

1774 R0K, ASAOMIREPNEAEICBE L CIE, 3 HE WX
mIHF-gmk-Rv1390 % 5 3 % B 13 Z2 A A CIRIRIRRE 1 72
STHBE DB EBML Tz, ZARIBEMEEIC X 5
A& TIX, J15CS/pYT 923hyg o WA KIZIEE
RERAYFROLN, HREANFEMMECTHAL VA RS
AR THHE - B L TV ABOBICB TV, L
L J15CS/mIHF-gmk-Rv1390 DA%, BRI IEL, #
DHIZVHR IR AEABENEILL, BEREEI TR X
NTWVBHDPH 72,

S. kasugaensis @ ORF5 {& RNA polymerase @ w subunit
THbHEHE SN TSI, » subunitid RNA polymerase
DM EMERICEELBEEZ L TBY, o factor & D
HEERICLRBE525bDTHb, APLATTIR
w subunit ICBALDE L, o factor b EFIREEL IR LS
bOVEIIN, ARENSE MRNADRZ ST B LE
bh b, #HEEEDRVIZSG >~ 7% 7 i3 S. kasugaensis D
ORF5 &L mWHEMZ/R L, HHED o subunit T\
MEZEZbN5b, —F, mIHF ¥ » /%2 X stationary phase
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TARIIET Y, HOEFICMADREFTHS Z LN
M. smegmatis % B\ 72 HFFE T & I o TWn5hBY,
S. kasugaensis ® ORF 3 % ¥ /3 7 (3 #E B D mIHF ¥ ~ /%
ZEBOHRNERL, HERRXOERIZ, ORFSL L
BRLEETHHILFBESA TS, HEEOD
Rv1390 BliA:, F 72id mIHF-gmk-Rv1390 D 3 D D &=
F A& L T M. smegmatis DHEFE % IKIRRBICFHE L T
VBRI LARBEN, SHICHITBLETDH S,

REE ISR, BEEIRL, N FNF—F
DED» S HEEREDOHBIKE VY, EHITHNVIATHE
EHFOHAEITH Y, MM X DNAEERIZ2004E X 0 EH
BlEol, HEHZE V-2 DNAZRIZTKEX
By, ESTERLOBLVEAMNMELL, 22T
#BIr U7z M. smegmatis J15CS & pYT 923hyg o« DIFENRZ
¥ — %% - E O mIHF-gmk-Rv1390 &= F O BF
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i, RMEEOMBPEEYE, KERE~NOBTZ5F
BIZZEHIIHRETHIATEDDOTHERALRTHLLE
25
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1) Goto Y, Taniguchi H, Udou T, et al.: Development of a
new host vector system in mycobacteria. FEMS Microbiol.
Letters. 1991 ; 7 (83) : 277-282.

2) Kojima I, Kasuga K, Kobayashi M, et al.: The rpoZ gene,
encoding the RNA polymerase omega subunit, is required
for antibiotic production and morphological differentiation
in Streptomyces kasugaensis. J. Bacterial. 2002 ; 184 (23) :
6417-6423.

3) Marisa L, Pedulla ML, Hatfull GF: Characterization of the
mIHF gene of Mycobacterium smegmatis. J Bacteriol. 1998 ;
180 (20) : 5473-5477.

5. MEROEFMECEEY 5 8EF

BARYZ by - 74 9% vy v BRESH FIETRE

1. RHEMERZORIK

1994 4E (Z AR (WHO) (2 EIBE IR B T
#4& (IUATLD) &AL, EAMESHEOLEI Y 28
RHpZERHWE LA-HREEDO O Y 27 P ERKEL
720 TN E TIZ WHOMUATLD 25 3 DDOFMEHNH &N
b=, =4 T ADEEIE, EFWREIHROE
AHITRI-oTWAILEERLTWVS,

FI3IRICIE R ETITHIBOBEESRE SN TV B,
PEIBEFICEE 4 BHOVT NS ICTHEOREED25%
DEOEE 3B 138BHY, ChdbD) by
Bix35% D ETHo7z (W FTRE V571%, 7 ANF
AT IDHFTHNINT AY V48.1%, FEOEEE42.1
%, AYTDMNARZM373%) 0 WHHREDE 4 HIR
1%, A EE % MDR-TB DHED 10% U ETH - 72
% 7 W EIE S TS B O B\ HuIg i3 BRI R B O i i
LRBEEThHoo LEEBBTOBER, FERERFAOL
EOWES & U MDRIZEERFIOEEGLE, GDPL Y
DRFHNLEEFLAEOMENA LNz, L L, DOTS
DETRPHIVREDNHEGLEEDHEIAON o
72o

DY EDOHBREM AR BRI 5 EEBICARRICHTRE
ENTREROEAREREELRAEL TE /2. 20024
D —NRA T Y AOBEEH20054E 5 BicHis s hizo,
DEERFIOEE 4 EFOVTRH 1 FIHT BtED
$HFE1382%, MDRIX0.7% C& Y, WHO/AUATLD 7* &

WEENPREL Y WL BABCEETH - 720 BEE
BEADEN512228% L 98% TH Y, 1997F DY —~
19 Y ADBE L ) KAWEV A SN2 RO FRAE
(VNI :18.4%, MDR:7.0%) & HRTEVWEETH -
2o THHDOZ LIE, DHPETHEHRERZKIIARE L,
METHHILEZRLTVS,

2. HAMEDD FHRE

FREOEAMEIBARICETIRRERIZISHD
LHBMINTVS, TS DOWHERIZEHN L B0
BREEHICEINTE Y, HEEHIC X 5 ERDICRYE
HARREINS, BEREOEAHH % XY 5 BEFIE
TFILEEEZOLNTEY, —BRABTALNAES
7 A FLBEOBE TRV,

ZLDOINHMEHEICH ¥ 5 — CERORBIEA LK
5L, BEMMSEATRIESICHEELTVE I LD
HoNTwd, #55—¥EeN—FF I ¥—FOHESR
I—=FLTWV5 katGRIZF DR KK E O & B
EBEL T 59 INHME T karGRIZFRICERD
FETHHRLIADODPoTWVE, ThLDI &,
prodrug Td % INHIXEHAL D 7212 KatG BB ETH
D, KaGOERII INHHE# B 2L 2RLTW 2,
INHOER & LTHMEI o— W BA SR ICEET 2
NADH-dependent enoyl ACP reductase® I — F L Tw 3%
inhADFIE EN729, MEDRRIZIEMhAD T IV BE
BENL kAT ROV OBERFER LTV S,
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REP i #ll # © DNA-dependent RNA polymerase i~ # &
L mRNADA R 2 HHET 5. RFPIFERE AT HBKRD
93% LA it rpoBBIZFICEREFDL, HILr5R % —
TICET581bp2biedky ARy MERIZERNS
KBPLTRDOLNS, —H RFPEZHKICIZZOEER
KERBZR LNV, FHSNHBRICEVETELS
A, #50% DRI Ser-S31ICER 2 FH D, VT
His-526 & Asp-516 TH ), WHESTHEARD0% U LT
No37IVBOBREBELTWSD,

PZARMEREERKSBKRIBEL I VF IV —¥
(PZase) EHEZRWTEBY, PZATM L BEREHOEE
DOMICHBEDIAOND, PZase EHREE D95% LA E
¥ PZase® I — F LT3 pncABIEFICERSEALR
399, ZREBIBEFLBICHOALTEY, RFPHMERE
WALNB L) Ak y PARy VEBIED SRV,
PZase BHBRICIIERVBALONLENVWI LD D, pncADE
RiZ PZase IFEHICHE L TWAH I ERELI LN D,

SMiZ73/77Y 2y FREWETHY, 30SY KV —
LAD¥ T2y VAL, YUV ARICHBREER
b0 BROFELRBMIZY KRV —LF Uy S12%a—
FLTWw3 mpsLBEFTH 5. SMiFEEHKE S #KRT
X, SI2F VST D Lys43 & Lys-88D 7 I J BiEH AT
HEORVEMNTH 5, SMIHEDE 2 OB rrs (16S
RNA) DERTH 5, SMiF R E TiX, 16S rRNA
DS0FEBNV—T LNV —TITHET D15 HBRICERH
£hLCEDLNS,

EBRIHMBMEAMBREDEELERTHETIE) X
Sy OMBEETSEF OEEEZMHIEL, 7€
F RSO PFRHAERY TH S B -D-arabinofuranosyl-p-
decaprenol # £ ¥ 5. EBMMREERED65%137 T/
HS 2% vDER %A T % arabinosyl transferase %
22— FLTV5E&IETF embBICERNED b, EmbB
DERIBLUANVHELEEL TW5, EmbBD I F ¥
306 EBMNERIZHESHICEBHE L BEL T b,

7Y YRS Tl DNA gyrase A 71 =
v FOWERIZFTH S gyrA CHRERERMBAOLN S,
CS it ¥ Mycobacterium smegmatis C 1% D-alanine racemase
ZI—FLTWAB arADTOE— 7 —EICERIFTD S
hb, KM rrs BIZF, THRME inhd BIEFOM
B 538 & h T B, Mycobacterium avium X Mycobacte-
rium intracellulare \2 % % 72 B %) T & 5 CAMIig ¥ 12 238
RNADZERMEE L TWAHI L HEIR TV S,

BEOEHICHE 2 HoOBRSERTIRNEORRIC
LB 20U LOBREFAEELTNEY, Thi
THEEBOEACHEZ A 5T 2 BIEZFOHREN VI L
o, 1 2oOMBTHE~A OEHIIN T SREDORF M
ALTERIBZIDEEXOLN TV A,

B E80% $£9% 2005469 A

3. BEFEAVIEABRMRE

EREOBIEFEROBRMEL LT, /¥ Fu—7
¥, DNAF v 78, FFE—a B EPRAREENRT
Wb, —HOEFICOVTIEFy NI 2BRHDTEEL
%072 74/ ALPARETB(=71) 1354 ¥ 7/u—
TERRE LS E poBRIZTFOER, Thbb,
RFPIF B BRUT 2 RETH 70, BEBEFO
B TAH-BRELERMEIZ100%THY, RFPIFERD
BRHETAHALRE L HERMIZ06.1% & 99.6% TdhH %o RFP
WHED80% U Lk INHIZ b, T2bbihREE
% MDR-TBTH 5% Z &256, BAICRFPRIEEZRE
THEHEIID D, BFERAE L L T OligoArray (H iF#h)
MHEREENZD, DNAF Y 7L L YV BRIZFERERE
THHETHY, ZnFy b TRETEZFHEROEE
', INH 80%, RFP 95%, SM 80%, EB 70%, KM 70%
LENTwb,

EREHOERBRIHRECIRSEERICED ST
HOHER 1% U EOBEZRYE, 1% KRBOBE 2K
ZHEHELTVS, LALLEDF Yy P TREDRR
BOHERATETH 5. S5, MEROKRBBRED
BRICHAVS IS LRV IRV, 20X ) ICHERRE
TiE, BEFICLI2EARTUERELRALZELTY
FRICHEREIC L 2REDTILEND Y, SHROMA
HREROEBIFZETNS,

X [
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1998.
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encoding a target for isoniazid and ethionamide in Myco-
bacterium tuberculosis. Science. 1994 ; 263 : 227-230.
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pyrazinamidase/nicotinamidase, cause resistance to the
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of multiple drug resistance in clinical isolates of Mycobacte-
rium tuberculosis. J Infect Dis. 1995 ; 171 : 954-960.

11) FIERTALiE, R IEHE, WHMSE, i Line probe assay
2k B 77 v EY URMESKEORB. . 2000 ;
75 : 575-581.

12) HAREE, TEEL, HAEE, B :DNAF v 7T &
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6. Toll-like receptor & fEi% RS

MINKFEGHBEEHEFTBETESE TH %

30 ®I

REFHMOPOEHED RERIE, BARELER (nnate
Immunity) & %% %% (Acquired Immunity) O 2 f& 0
RIERDPOLEY LoTnb, LLLDRERD, KREAE
DEENBALFEC L LTHIL, Thrigds s
AT ATHAHD, 20T CIEREEREZFLEL
LB CORBBEIFCHEIT SN T &, BERE
RTIR, FHEBWIIOAFET S Bl THlgsTh
ZNRiES 17 1) v (Immunoglobulin), THIMZZAKIC
X0, BRI EOFURERRMBIC L > TRR S Iz
NR7F FHKROFUE (antigen) # FFEHD & LTS %,
CHhIZHL, BARERYPRERT 2FEECIINROEY
ZOLDTHY, BlziX7 T ARMEEOHLEE DR
GOYRER)HFY AT A K (LPS) O X IHEEDOHE
BRI L) w707 7 — VRl % &0 BRGE
HYMBATERLEI NG, LeLEAD, HARERIC
X BRIEAAD BB, EHRERIIBT SRR
BEOX ) CHEBIN TV Dok, 200K
9 1T Toll-like receptor (TLR) A3FR &N, Z OB
»5, TLRABHARBERICBITLIIEECOZEBZENET
HHIENHLDPIC R o7 FLTTLRZAMLIZEA
RIERDEHECBESREICHL MR o7,

lipopeptide lipopeptide double
from from strand
Mycoplasma

bacteria RNA
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EF2HETLILENRENZY, ZOHK, 773 —
43F HS Toll-like receptor (TLR) & L TR4 L ER & h,
HIE E T2 118 (TLRI-TLR11) P@mXICHE SN T W
b5, FLTTLR7 7 3 ) =%, WEROEBERES %4
BEMICRERT LI LN, B/ v o779 v~ R%H
WA S BA & 2T o TE 2 (Fig. 1) ¥,

TLRAYEREA L HET 5 &, BREERICETLHIR
Milae~<ra7 7y —Yi3fE4 OBEETFRRELFET 5,
ZOHIZIE, IL-12% EDORFEWY A M A4 2, CD40 %z
EDORINHESFORIZFVEING, BikMilae~s o
77— VRERKEAEAET ML LTS TY
o INHLDOZ ENL, BREZEROMARIE, EEIZE
LRBEABRROTEDF 4 —7 THIE~NDIRR, L
TLR 2 A L 7= RIEET 4 b h 4 ¥ REIHESTF &R
FRBIZLY, ERENLEBEBRER, .2 Thi ¥k
SR FET LI EPHLPII R 572 (Fig. 2) 9% 2D
X9IT, TLRIZ X % BAGERDIEMALAS, BREBHIS
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Fig.1 Activation of innate immunity through TLR
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1A TR ET T 5720, TLREN LY T F Vs
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TLR DHILEPNREE SN TIR FAL VDSBS h
5. ZOTHTY, AMUTR XA Y 2Fo 0T

(MyD88, TIRAP, TRIF, TRAM) "EE L& & % -
TWABIENR) v I TT MY RAOEND LB LM
o TEY

MyD881Z, T NTODTLRZ S LIz RESES L A4
YOFEYTFNVIUIETH B, L LEDHDMENH
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WA ML VOBECULEDY FF VL, MyD88 3k
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LTHEENBIEPHLPICR o T/, TLR3%Z
L7 7 F M TH, MyD8SIEKAEMEIC IRF3 DIEHAL
MHFHFEEh, IFN-g A EA S h b, TRIFE, TLR3,
TLR4 % 4+ L 72 MyD88 JE KM DB I LADRE 2
274, TIRAPIZ, TLR2 & TLR4!Z &k 5 MyD88 Z4rL
e 7 FVICEREMICEE L T35, TRAMIZ MyD88
R (TRIFIRFFME) BBEOH T, TLR4E LAY
FFENVCERIICEE LTS, 20K IIC, TR F X
A VBT HHFEDY, TLREZALHBAY 7 F ViE
EREICBVTHEO TEELRXFLH-o T2 Z &4
5% 572 (Fig. 3).

TLRZFH U A2 T FIVORBRERBEICH T 5 7E

ZD&) BHT, TLRIC X 5 BRBEREELD, &
L OV TORBBREBEIC BT B REIOWTHRER
HLTWwB, ThITTIZ, MyD8SRIB~ 7 AT, #H#
B2 BCGORREIIH LEREMNLPEE 5 2 LAwmE
EhTwa, fbid, TLREMNM L BRBEROEY
1A E R T 5 MyDSS/TRIF —_EXRIE~Y 7 A2 HWT, &
BMRFIZBT 5 BRBEROBSICOVWTRE L, E
¥~ X, MyD88 R~V X, TRFRE~ Y X Tl
BCG REH:IC X 2R EIXBE I Nz 25, MyDSS/TRIF
ZEREYVAOMTIX, SROBRERENBEIN
Teo TOFI, TLR 2Lz HAREROEMALIHRS
BREREIC DAL NV TEELERH 2o T D
LERLTWVS, BCGREEIIBWVTIE, ThlSED HY
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IOERBREAFHBL TV EEZRELTV S,

¥ & &
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FRONTIER OF MYCOBACTERIUM RESEARCH
— Host vs. Mycobacterium ——

Chairpersons: 'Masaji OKADA and 2Taro SHIRAKAWA

Abstract During the past decade, we have observed advance
in tuberculosis research including novel vaccines, innate
immunity (TLR), SNIP analysis and molecular mechanism of
drug resistance. Worldwide genome project enabled the whole
genome sequence of host resistant against tuberculosis as well
as the whole genome sequence of M.tuberculosis H37Rv.
DNA technology has also provided a great impact on the
development of novel vaccine against TB.

In this symposium, we have invited leading researchers in
the field of the frontier study of Mycobacterium research in
order to provide general overview of the cutting edge of
frontier research.

Molecular mechanism of drug resistance of M. tuberculosis
has been clarified. On the other hand, molecular mechanism
of host-defence (insusceptibility of host) against M. tuberculo-
sis has not yet elucidated. Dr. Taro Shirakawa (Kyoto Univer-
sity) reviewed the susceptibility genes of host in TB infection
and presented candidate genes associated with multi-drug
resistant tuberculosis. Dr. Naoto Keicho (International Medical
Center of Japan) tried to identify host genetic factors involved
in susceptibility to pulmonary Mycobacterium avium complex
(MAC) infection by candidate gene approach and genome-
wide approach.

In Japan, Dr. Masaji Okada (National Hospital Organization
Kinki-Chuo Chest Medical Center) has been engaged actively
in the development of new tuberculosis vaccines (HVJ-
liposome/Hsp65 DNA +IL-12 DNA vaccine and recombinant
72f BCG vaccine). He showed basic strategy for construction
of new candidate vaccines and also showed significant
efficacy on the protection of tuberculosis infection using
cynomolgus monkeys, which are very similar to human
tuberculosis.

Dr. Hatsumi Taniguchi (University of Occupational and
Environmental Health) presented that M. tuberculosis mIHF
and the neighbor genes went into a dormacy-like state of M.
smegmatis in J774 macrophage cells. This study might
provide a weapon for elucidating the mechanism of dormacy
of M. tuberculosis and the development of novel therapy.

Dr. Chiyoji Abe (Nippon Becton Dickinson Co.) reviewed
the molecular basis of the resistance to anti-tuberculosis drugs.
Most cases of resistance are related to simple nucleotide
substitutions rather than to acquisition of new elements.

Dr. Kiyoshi Takeda (Kyushu University) showed interesting
finding. He analyzed whether Toll-like receptor (TLR)-—
mediated activation of innate immunity in host defense
against mycobacterial infection. MyD88/TRIF double defi-
cient mice showed high sensitivity to mycobacterial infection,

indicating that innate immunity is involved in anti-mycobacte-
rial infection.

1. SNP (single nucleotide polymorphism) analysis in associa-
tion with Mycobacterium tuberculosis: Taro SHIRAKAWA
(Department of Health Promotion & Human Behavior, Kyoto
University Medical School, and RIKEN SRC Center)

Candidate gene approach was made on 18 SNPs in 11 genes
in association with M. tuberculosis. Patients with multi-drug
resistance against M. tuberculosis are also subjected. SNPs in
NRAMPI gene were associated with the disease, and drug
resistance, its mechanisms remain unknown.

2. Search for genes susceptible to pulmonary Mycobacterium
avium complex infection: Naoto KEICHO (Department of
Respiratory Diseases, Research Institute, International Medical
Center of Japan)

Interaction among pathogens and host factors is important
for development of infectious diseases. We are trying to
identify host genetic factors involved in susceptibility to non-
immunocompromized pulmonary Mycobacterium avium com-
plex MAC) infection by candidate gene approach and genome-
wide approach. Elucidation of functional significance of
susceptibility gene polymorphisms will lead to a new strategy
for control and prevention of the disease.

3.T cell immunity against Tuberculosis in host and the
establishment of novel vaccine : Masaji OKADA (Clinical
Research Center, National Hospital Organization Kinki-Chuo
Chest Medical Center)

T cell (CTL, Thl) immunity including granulysin play an
important role in host defense against tuberculosis (TB) in
human. Patients with TB or Multi-drug resistant TB showed
suppression of all these immunities.

HVJ-liposome/Hsp65 DNA+IL-12 DNA vaccination was
100 fold more efficient than BCG on the elimination of
Mycobacterium tuberculosis (M.TB) in the BALB/c mice.
Cytotoxic T cells activity against M.TB was augmented.
By using these new vaccines (Hsp 65 DNA-IL-12 DNA,
recombinant 72f 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.

4. Mycobacterium tuberculosis mIHF and the neighbor genes
go into a dormancy-like state of M. smegmatis J15CS in J774
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cells: Hatsumi TANIGUCHI (Department of Microbiology,
School of Medicine, University of Occupational and Environ-
mental Health)

Mycobacterium smegmatis J15CS transformants harboring
the mIHF gene or the mIHF-gmk-Rv1390 genes showed no
difference in in vitro growth and acid-fastness. However,
transformants harboring mIHF-gmk-Rv1390 formed short-rod
cell morphology and decreased acid-fastness in the mouse
macrophage-like cell line J774 compared to those of the other
transformants, and the nuclei of the infected J774 cells also
changed. Nevertheless, the colony forming units were similar.

These indicate that mI/HF and the neighbor genes of M.
tuberculosis might regulate a growth of mycobacteria in
macrophages.

5. Molecular basis of the resistance to anti-tuberculosis drugs :
Chiyoji ABE (Nippon Becton Dickinson Company, Ltd.)

Considerable progress has been made toward understanding
the molecular basis of the resistance to anti-tuberculosis
drugs. Most cases of resistance are related usually to simple
nucleotide substitutions rather than to acquisition of new
elements. Multi-drug resistant isolates of Mycobacterium
tuberculosis arise a consequence of sequential accumulation
of mutation conferring resistance to single therapeutic agents.
The basis of resistance is not able to be explained yet in a
substantial percentage of strains for other anti-tuberculosis
drugs than rifampin and pyrazinamide. Further studies are
required to fully understand the molecular mechanisms of
resistance.

6. Toll-like receptors in anti-mycobacterial immune responses :

629

Kiyoshi TAKEDA (Department of Molecular Genetics, Medi-
cal Institute of Bioregulation, Kyushu University)

Toll-like receptors (TLRs) play an essential role in the
recognition of specific patterns of microbial components.
TLRs mediate activation of innate immunity and further
development of antigen-specific adaptive immunity. In TLR
signaling pathways, Toll/IL-1 receptor (TIR) domain-contain-
ing adaptors, such as MyD88, TIRAP, TRIF, and TRAM,
have been shown to play pivotal roles. Thus, the molecular
mechanisms for TLR-mediated activation of innate immunity
have been largely understood. We analyzed whether TLR-
mediated activation of innate immunity is involved in host
defense against mycobacterial infection. MyD88/TRIF double
deficient mice, in which TLR-dependent activation of innate
immunity is abolished, showed high sensitivity to mycobac-
terial infection, indicating that innate immunity is critically
involved in anti-mycobacterial responses.

Key words: Tuberculosis, Mycobacterium tuberculosis, Fron-
tier study
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