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2007 4E DFBEFIIZ BT 5 MDR-TB DS IE 1.2% & 3t
HENTHBY?, 4% MDR-TBOBIMASBEA SN 5,
72, 20084FE D WHO i #H 12 & 5 & R TId s ek
?5.3% 75 MDR-TB & i STV 5  GFrBUERTIid2.9
%, T IfBEE B T2 15.3%) Vs MDR-TB 7 %* T H XDR-
TB D HRE LA BRI o A B4 % v & R 75
DARTH D, BILERY > ¥ —I281F 5 MDR-TB
5B DOMESTIE, ¥/ v v K2 MDR-TB TlE89%
(32/36) \ZHER AL D330 S N7275, F 7 a1 Vit MDR-

B (131346 XDR-TB) Ti322% (2/9) 2 L A HEwi 51k
FRBD OENLh o Te 50% EAEWIIT - 72 APFRE L
PESN346I TR 1228 7 A TH o 7255, HEE IR
BoNhhoz11PITIZ685H A & L EHIM T
Hol2Y PbEo X9 %BIkA 5%, MDR-TB, XDR-TB
WA R PUR IR OBk 5N D,

HA T HIVEGA o R & & H 12 HIV/AIDS & 6f
%D BIME T D, EHETOHAREEBEKBGEA
bt R T HIV B AT LT 2 81 41320.9% (H1
ErEDLE 1% EMEINTHEY, IR TIHHE
HZDHHTI0T N (1.6%) FHIVIZEGELTBY 2085 A
MBRE L7 HE SN TW S (20064E )%, Rifampicin
(RFP) IHLHIVIEDIMFEEZ KT X5 2 L0305
NTHY, FHEPFEEEICIE RPP & W% OB RITG
YaEA LRSI HIVIE & OMBEAEH D R WA AL
Ihd,

PrEGRERE T EERE ORI S 3R 2B L
2008 4E 1213 3.8% & 7% 5 T 5", MDR-TB % HIV/AIDS
R D NP S DHA L VI BHEPSH I SICEHE
Wby ENS,

HRE (S) ZIZ & 2 FEAERE L 6 7 H TH %73,
HATOEBOMKEHEIMIEFH 10247 7 (2005 4F)
EHESATWDY, 2ol LTk, HATIZ
Pyrazinamide (PZA) 12 X 2 RIER © ) A 7 A3\ 80 %
PLEDEIED26.6% & EZ 7, 80 AR TH PZA %
MZ 72 4 FVFEEGETI3%ICEELEY, 67 ALY
LECHEENDLEL SNTVLAIHEREEN S VT L
CBERRIGE & 0 I3 F B8 E D 129%”), BT
MEEH D) H46%Hh s W HBUEICAZRLED 11
BB TH DL LV R BT N L, T2, EAT
95 BE R S0 i 5 0 B R I M R A% R 4021 44 0 A BE T 1]
FFEH722HTH o7z (20064F) HARIZBIF A9 T
OFRAZIBEI I ETF46 7 H (19704F), #iMETo AR
BN E383 0 (19554F) " CThH - 722 &5 5 ik
MEWIFNR O RIBICEM SN TWD LIS 2, PR
BIEOBLIC I ) I EINEZ ¥ EN5, H
AR TOEFW - BEEBNL 1.3% ARV 2, Tl
20% \ZET A ML H B, T D XD IR TIZEHY

KEA% HE85% H5 2 5 20104F 2 A

M OEHIIEEOMETH 5,

BINREIR DS LHER 2SR EAL LB BEASTTRE & %2 %
tbtummmmumﬂmib%@%ﬁ%ﬁﬁ’ﬁht
AN LETH Y, I 2 55 % 7201 CH o
Eb\’\””@@é”?#tﬂ%% RFP & V) 581 ‘”’“I%L 3

WZHHER OB L D 2 AP LETH L LEZ HND,

MA%aﬁM@%Eéﬁ IZBWTIE, IR SO
JE1225.7%, WFREREREE O 720 DiRH IR 8.6% & Hith
ENTBY, ERETFFEEOHEIX0.1~0.5%, FEEIC
X BH1C130.002~0.01% L HEE SNTWBY, BRI

&, BWERZSD B BLEER], il 2 b RITER o4
WA R T b, BIFEHDSIRA L, S
WO BRI L D RRIATA A & ) Chiud, Bl
MDD OB EEZLNL,

F 72, ORI, ROETHLZE (BASE
TH), RHABEEI PRI e (1H 1M, TX
TUEHE 1~2 ), i %WT &4 & MIREY Tk
FBLEEANIIRE L T 5,

JEREREEDUER R E, $51C M. aviumJE, M. intracellulare
SE (MACHE) 1 ZE4EBIN L T 2 2NG# I3k %
CENLV, TNHORBERFERISEE ) ZEAN ORI
PUE SN B, FHHIEHL, NS OBEMIH LKW
MICZHT AT &, BWILHFRESE O, Mi~o3EH
BADVRIFCTH L 2L, MBNOWIIAMTHL I LA
EVHIRE S NG, IR D H I L vas, 2hll
FIZRBOBVGHOW LR A H - BIEEICENTH
AHZl, ST, PLHIVIED A7 5T clarithromycin &
MHEERR W2 R EDREEND,
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2. TMC-207, PA-824, OPC-67683 DEEHKRME A CEI T 3155k

R FE T I PR 27

1. FUSIC

HIE W K D2 O F BB 3 B S ERR A BR T T h 5
B, FNS ORI A T 2 I R
{, FRBEINTVBIERTH > THENLDHRE
CETEABRELLLVOTIE 2w EBbRb,

DU 3 BIERRR B O Fr 8zl ©, & 2 M E TR
RRBDSHETL, T2 S2OFHMB AT HER 3D
DO IHHI TMC-207, PA-824, OPC-67683 Dl RAYA FIPEIZ
BT 5EMEBEETLLDTH S,

2. TMC-207

¢ Johnson & Johnson THIFEWIZE & 412005 4F-1ZScience
812 R207910 72\ L diarylquinoline 38 & \» %) 4 il TA#
ENTALEWTH % BATIEH L, 72 ATP synthase
B & 5 TR B 20 © persister ~O AR S WFF S 1,
M EMEOMICKE LHREZER L 2. TOHRMIEIE
Johnson & Johnson ® 1%L T & % Tibotec #1128 O TAE
TIE TMC-207 £ IFIEN S 2 &%\,

PUAE TG M 1S Mycobacterium [T ITHF RN EZ 2 ST
W5, TB complex D IA* MAC, M. kansasii, M.ulcerans,
M. chelonae %1258 L TR MICTH 27179 25 S AT #i
O ORI E I T % MIC il 13 0.002~0.13 pg/ml & &
b T, Lad 400 mg ARG O I 2 BE 1 5.5 pg/
mBELHESR TS L Lilh&EAFBaRIE
99% L vwbihTEh, Zo&B) ThhIImhT
D7) —OFARBEIT MICHERT# & 2> TL %) EHH
(27 %Y RFP & OB & ) M REIIKT 3 2%
EHE I Tw Y,

TP FEERTIL PZA L DOPEH THWVWPIR ) 2 75 2
CTEDPRENTVDY, & M TOEBAEMIZ7THETI
log fall (cfu/ml) LL'F & @52 ) INHX RFP (2 log
fall (cfu/ml) G9FEEE) X 0 WIS A2 27. BUES Al
AR 2 0P 51 L 72 phase b IR ER DS HEAT T C, &

b FEZ

L2 DORRRREED Stage T DG EAAEK I N2 L7
M PEAS A% 1233 % background regime +TMC-207 vs. back-
ground regime + placebo ® randomized control study @ FHX
T (TMC-207 #:21 N/placebo 23 N) TDO2H A% D
g (AR ) BB RI1348% vs.9% & TMC-207 BE
THEIZEL, 27 A% F CoORWEN S TMC-207 # Tt
O E XA EICL VDI EE RO o /2
EENTWAE, F 72 TMC-207 DWEHE FF %) R id 1
S HDAREICBEZE IS 2 2 REE D RS T b, Al
ED ZHIMER OERIE L LTiE, SHBRVICHfET
ELRRTH 5o

3. PA-824 (Nitroimidazopyran)

PURTE R IC I IR e s b, ZH
PEW % & O A5BE O MIC 1% 0.015~0.25 pg/mi FLEE &A%
WYk b TR IR B 1 500 mg HE I 5T 1.6 e/
ml, 600mg® 7 HE$HG T38ugml L TG SNTEY
MICHE & 9 b 4018w, LA LIl ToO&EA AR
1394% & DIEHAH Y, ML T 7 ) — DIHIA persister
DORWIHNRIREICE TET 2008 ) »IpTH 5",
RFP & MBI RV E STV B,

Bh ) 52 Bk T1X 2RMZ/IRM & Lt L T 2RMZPa/IRMPa,
2MZPa/IMPa, 2RZPa/IRPa (M=moxifloxacin, Pa=PA-
824) e ECTRILH L A L) T o L d
T %L SEWERTORBENY OREETIX
PZAXR RFP, INHZ # & 9 S22z R I3 RB S
TWRWVWE)TH b,

UL phase 1 ERRRERADSEATH & SNTW 525, Bl
FTIE EBATMESE 2 &0 T RICA I N TV,

4. OPC-67683 (Nitroimidazo-oxsazole)

HEHERR IS XT3 % MIC 13 0.006~0.012 pg/mi & FEH 1K
<, HEFNM 1 W % 2 o BRR 25 BERR IO 37 % MIC 90 i 13
0.012~0.13 pg/ml & ST 5, PURVEAIZPIEE R 12
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FEHRIYT, PA-824 & B V) KM BELIAMC M. kansasii |2
LIHTEME 2 AT 525, MACEMO NTM (213 fER) & &
NTW3Y, HFE phase T ERRRERICA > T 575, &
FfiaRE2z & M TORYBEIZH S 2 MRk
WA SN Twiwv, FEED 51X RFP & O I AHEAE
HizZzwokshTtwa?,

B FERSE T D drug combination (2B 3 A iz Z L
WP v P TOEBAIGTEIZ O W TIE—RICAR IR T
W2 \WAY, 20074E 10 H O IDSA (7 A ) B EYIE )
meeting "C? TB Alliance ® presentation{Z & % &, Day 8 T
® log fall (cfu/ml) IBEROSHIE LWL EFNLT & &
N, INHR RFP L ) D S2IZH L L5 TH DY,

HIAE, TMC-207 L O MDRZ N R E L2220
phase I b FRIREAERAS, ZA =T/ FET/74 )/
HE, BLXOOAR/PETESTTFTH S, @RS
—PHRE I TV,

5. ¥&®H

HEFTOT— 201, AFTHDY LiF723200%
FEMOBRNAE AT ZERTE LTIV EH T
Hbo LA LT, BWEERSL EBATHEICET 5]
LRGN LGS 2 &, LA OERELE L
TIERWICHFLY) 2 ) ic8Bbhsbon, —FER
DAY [INHR RFP 2\ L PZAZ DL 2 4 HE%
Lo TWE I ENPIEFITHELS L] LIZRZSVEEN
LHER S NG oD AMEBALEB LR OELIIB T
WEPZAD X ) %R D H 5720, FEBIZIEE P TORE
IR OAER ZFEO 1IN v, HITEDNDONIZTE 2D
1, SHOBIRRBHREZFO L & BT, BED INH,
RFP, PZA ZIiMAL) 557 5% % 5] & it & e KRS AT
AIZTETHHDo
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3. AIERAREXFEIC & 2 IMMEREORHRMAEDOTRRK & T OMER

MR SREEAIEIIBE L 7 7 L v A8 I #k

Global Alliance for TB Drug Development
(TB Alliance)

TB Alliance P EHEL K- LTwar 7y s b
% “mode of action” FIZ THEICRT o Moxifloxacin & PA-
824 & B &, M vy b BRI H %o
1. DNA GYRASE : Moxifloxacin, Quinolone TBK-613, Myco-

bacterial Gyrase Inhibitors.

. CELL WALL SYNTHESIS : InhA Inhibitors.

. RIBOSOMES (508S) : Pleuromutilins.

. PROTEASE : Protease Inhibitors.

. ENERGY METABOLISM : Malate Synthase Inhibitors,

W B~ W N

Riminophenazines, Energy Metabolism Inhibitors.
6. MULTIPLE TARGETS : PA-824, Nitroimidazoles, Multi-

functional Molecules.
7. UNKNOWN TARGETS : Phenotypic Screening.
8. OTHER : GSK Focused Screening.

Working Group on New TB Drugs (WGND)/
Stop TB Partnership/WHO
WGND O AN X 5 LA o Pt 7 a Y =
7 & (2008 4EHEFTH) & FRCISR S o

1. Discovery—high throughput screening : Actinomycete

Metabolite Screening & Fungal Metabolite Screening
(Univ. Illinois), Persistence Target Discovery/Target
Discovery: Phenotypic Screening (Vertex Pharm.), Screen
for Synthetic Lethality in M. tuberculosis (Johns Hopkins
Univ.).

2. Discovery—hit to lead : Summit plc. Compounds (The

Lilly TB Drug Discovery Initiative), Tuberculosis Protein
Kinase Inhibitors (Vertex Pharm.).

3. Discovery—Iead optimization : Dipiperidines/Homopipe-

razines and Piperazines (Sequella, Inc.), TL1 Inhibitors
(Sequella, Inc.).

4. Preclinical—candidate selected, animal efficacy studies :
CPZEN-45 (The Lilly TB Drug Discovery Initiative), DC-
159a—~Quinolone (RIT-JATA), Nano-drug Delivery
System for Anti-TB Drugs (CSIR, South Africa), SQ641—

Nucleoside-based Capuramycins/SQ73—Ethylenediamine/
SQ609— Dipiperidine (Sequella, Inc.).

5. Advanced preclinical—GLP pharmacology/toxicology in
animals : TB Oxazolidinone PNU-100480 (Pfizer).

6. Clinical Phase I :Diamine SQ-109 (Sequella, Inc.),
Linezolid (TBTC Study 30: CDC TBTC, Pfizer, various
universities), Pyrrole LL-3858 (Lupin Pharm. Inc.).

7. Clinical Phase II : Diarylquinolone TMC207 (Tibotec),
Rifapentine (TBTC Study 29 : CDC TBTC, Sanofi-Aventis),
OPC-67683 (Otsuka Pharm. Co.).

8. Clinical Phase III: Gatifloxacin-OFLTUB (Lupin, NIAID
TBRU, TRC, WHO TDR), Latent TB Infection (TBTC
Study 26: CDC TBTC, Department of Veterans Affairs).

T I BRREMERZT L THELEE

(1) 20084F10 H B AE, T 5 T i Drug Discovery 20,
Preclinical 9, Clinical Testing 10, 57390710 = 7 b
PHEITHTH L, L LBKRIEF 2 v (MFLX, TBK-
613, GFLX, DC-159a) 4 7 1 ¥ = 7 b, Nitroimidazole
(PA-824, OPC-67683, ¥ Nitroimidazole #5ifk) 3 71 ¥
=7 MAEAELTHED, BT L D b RORBEE A3
DFFFFMER: %2 B 5 FEPL & BEIRBIAR D 7 C B FE @ AR A e
L CTw5 : BMGF#4: % 75 5e 1 K E 3388 (TB Alliance/

CO2H

Fig. 1 Multifunctional molecule hybrid antibiotic

CBR-2092: “Rifampicin + Fluoroquinolone”

Poster Presentation No. F1-2101~2108 ; 47th ICAAC Meeting
Chicago, Illinois, Sept. 17-20, 2007 Cumbre Pharmaceuticals Ins.
(TB Alliance, University of Auckland & Colorado State University ;
2008)

Fig.2 RNA polymerase (RNAP) “switch region” inhibitors

Myxopyronin (Myx): Polyketide-derived a-Pyrone Antibiotic
Mukhopadhyay J, et al. Cell. 2008 ; 135 : 295-307.
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CDC) DFFFF S umg 0 MR A IE D 53T thik
CEEEINTn5B,

(2) EA4EH Z 40TV 5 OldMultifunctional Molecules
(B4 Hybrid Antibiotic Project) T, &7 2 HE DU
FH] (9] : RFP & Quinolone) % % % ligand THEA L 1
G 1V EEFNE RS 2 H M FEDORATD % ; Hybrid
Antibiotic (I HE A 2 51 MR 5 L 35612 X
in vivo CEMFHEIN 2D X 0 ) 2 PIRE 2 BT 5
Z DB L T A, 2008 34, TB Alliance, Univ. of

Kit% HE85%% H5 2 5 20104F 2 A

Auckland & Colorado State Univ. 233 [/ TH5E % #ED Ty
% (Fig. 1) ; B 53T 1& Nitroimidazole %354 + Compound-
Xo

(3) M5, BEAFORifamycin RPUHIE & KM% R &
72 Wi RNA Polymerase (RNAP) “Switch Region” B
# Myxopyronin (Myx) : Polyketide-derived a-Pyrone Anti-
biotic 255 &1L Tv» % (Mukhopadhyay J, et al. Cell. 2008 ;
135 : 295-307) ; Myx & Post Rifampicin & L T4 1% @ B
FEOM RIS S 72T b (Fig. 2)o

4. LW A T OHEZRZERRED - D drug target DERIFTR DR

BRI R AR A - SRR 3

U &I

He, ROEHOFBERIINLE0 TN, FLTHEEK
R 160 T N EHEE SN THE Y, FEH1,0005AH DA
PRAZRIEE 2T T 525, AR (MDR-TB %
XDR-TB) D& HIV &5 T O ¥ G PR O B
2, BRI T EITHEZLDOICL TV, &£25
A3, WM O & £ R TERS A~ ORISR 8 72
WHT L WHURIZEE, RIS IR AN ICAAE L Tw
% dormant type ({RIRTY) R, PURHEHIIOE L TH
MREZ ML T S D055 VIERMT HICE- 72
persistent type (FEfiRlAEFRTY) O FEE% R (2 R 72 3 H
BsEAEA L LTHETRVDOTH LY, L LadS,
Wk >k T & TB Alliance X Stop TB Partnership 72 & @ 4 =
¥ X F T O TIKBARM & A 2 7200 A ARAL L
T & THBY, bioinformatics X genomics & H 12X I N 5
D WF 7% B e A2 Ak 7 T PEAH B structure-activity relationship
(SAR) Fx Ny F ¥ 7 S a7 R0 m RS T A
Fithree-dimensional quantitative SAR (3D-QSAR) analysis
& N— 22 L CORMSIEOFE, $12 dormant type X2
persistent type D fi A% W & L1 & L T O drug target D £
FFHIiE ZNEIBHLTO FT v 77 A 2 Omn
RN ED 5N TWw b, AFTI, bioinformatics,
genomics, proteomics & N\ — A {2 L T ® drug target D £
REZNZIGH L COFRBRIEDORIEDBLIRIZOWT
BT %,

# LU drug target 2 B8 & U - ERREORR

BRI L VA VB 2 BEARE L LTiE, @
DOTS & & DRSEHE T 2 R T 5 72D Of g« &

CF 5T LEDTEBEADHIE, OBRIEMIMZE R
W2 R A O X 2R o MBI, @

wh o mW, ZHEW 5B

B L\ A T OGRS & v T ORIREY > Hme AR R A
DR REORE, 7 ENBTF NS, BAAOPREEIED
13 &AL OMEEIC LER Lz, fikt
HFRTI DAERETRIR 3 B W TIA%85 <, BUATOHEANC X
BAEREIEHI T IR I 6 4 H UL Lo BRI bS8
BETHD, ZOZ EiE, LIXLITEHOIREEEF 2
BEEL, DWW TIZ AR EK & 7% %,
S HIHFIITIE, HITEADSREZ R OWREE % 21T C
BY, 29 L7BREGE DRMNIZEL L T B RIRERS
WL, GEERAEBIEOBAEN R ) A7 ko Tw
5o Z ORMEEVREAZ A RN BV TECHE D ORI A
D720, TOYA TORMEIIK L TER LR
ZRAETICE DO THEHTH %,

FRIZFE RS EENS BT BRGS0 5 O RO 5
HEZ B CZ & OBEENEEE 272G, IRIREER I
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Table Promising drug targets in Mycobacterium tuberculosis
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Indispensability
Metabolic pathway Gene products (gene) for in vitro Inhibitors Author (year)
bacterial growth
1. Biosynthesis of nucleic acids
DNA Ribonucleotide reductase + Dawes (2003)
(ndrE, ndrF2, ndrZ)
Thymidylate kinase (dtymk) + Bicyclic Munier-Lehmann (2001)
thymidine Vanheusden (2004)
analogues
NAD™-dependent DNA ligase + N-substituted Gong (2004)
(ligA) tetracyclic Srivastava (2005, 2007)
indole Korycka-Machala (2007)
DNA gyrase/type 11 + Fluoro- Takiff (1994)
topoisomerase (gyrA, gyrB) quinolones Aubry (2004)
AMP Adenosine kinase 2-Methyl- Wang (2005)
adenosine Long (2003, 2006, 2007)
3-Deaza-
adenosines
ATP ATP synthase (atpE) + Diaryl- Andries (2005)
quinolines Petrella (2006)
Koul (2007)
Huitric (2007)
2. Biosynthesis of mycothiol
L-cystein: 1-d-myo-inosityl + NFT1836 Sareen (2003)
1-amino-2-deoxy-a-D Sassetti (2003)
glucopyranoside ligase (mshC) Newton (2006)
Buchmeier (2006)
Glycosyltransferase (mshA) + Oligosaccharide Buchmeier (2006)
N-acetyl-1-D-myo-inosityl- + Newton (2000, 2006)
2-amino-2-deoxy- a-D- Maynes (2003)
glucopyranoside deacetylase
(mshB)
Mycothiol synthase (mshD) Vetting (2003)
Buchmeier (2006)
3. Biosynthesis of cell wall components
Arabinogalactan Arabinosyl transferase + Ethambutol Belanger (1996)
(embA-C) Escuyer (2001)
Seidel (2007)
Arabinofuranosyl transferase + Ethambutol Cociorva (2005)
(aft) Alderwick (2006)
Seidel (2007)
UDP-galactopyranose mutase + Uridine analogs Pan (2001)
(glf) Sanders (2001)
Scherman (2003)
Phosphoribosyl transferase + Huang (2005)
(Rv3806¢)
dTDP-glucose dehydratase + Rhodanine Ma (2001)
(rmlB) analogs Li (2006)
dTDP-keto-deoxyglucose + Rhodanine Ma (2001)
epimerase (rmlC) analogs Kantardjieff (2004)
Li (2006)
dTDP-deoxyhexulose reductase + Rhodanine Ma (2001)
(rmiD) analogs
Mycolic acids Enoyl-acyl carrier protein (ACP) + Isoniazid Banerjee (1994)
reductase (inhA) Diazaborine de Boer (1999)
Slayden (2000)
B-Ketoacyl-ACP synthase + Thiolactomycin Schaefter (2001)

(kasAB, fabH)

Musayev (2005)
Bhatt (2007)
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Table Promising drug targets in Mycobacterium tuberculosis (Continued)
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Indispensability
Metabolic pathway Gene products (gene) for in vitro Inhibitors Author (year)
bacterial growth
B-Ketoacyl-ACP reductase + Isoniazid Cohen-Gonsaud (2002)
(mabA) Ducasse-Cabonat (2004)
S-adenosylmethionine + Yuan (1995)
methyltransferase (mmaA4) Glickman (2000)
Boissier (2006)
Cyclopropane synthase + Sinefungin Glickman (2000, 2001,
(pcaA, cmaA2, mmaA2) (in M®, under 2003)
oxidative stress) Guinavarch (2006)
Polyketide synthase (pksi3) + Cerulenin Child (1998)
Portevin (2004)
Acyl-AMP ligase (fadD32) + Portevin (2005)
Acyl-coenzyme A carboxylase + Naphtalene sulpho-  Portevin (2005)
(acc) nate compound Lin (2006)
(NCI-65828) Gago (2006)
Lipoarabinomannan  Polyprenyl monophospho- + Gurcha (2002)
mannose synthase (ppm!) (in M®) Guy (2004)
Mannosyltransferase (pimB, + Schaeffer (1999)
pimF) (in M®) Alexander (2004)
Phosphatidyl- Phosphatidylinositol + Galactose-derived ~ Guerin (2005)
inositol- mannosyltransferase (pimA) phosphonate Dinev (2007)
mannoside analogs
Phthiocerol Phthiocerol dimycocerosyl + Cox (1999)
dimycocerosate transferase (papAS) (in M®) Buglino (2004)
esters Mycocerosic acid synthase + Sirakova (2002)
(mas) (in M®)
Acyl coenzyme A synthase + Sirakova (2002)
(fadD28) (in M®)
Peptideglycan Alanine racemase (alr) + D-cycloserine LeMagueres (2005)
D-Ala-D-Ala ligase (ddl) + D-cycloserine Feng (2003)
4. Enzymes in the glyoxylate shunt pathway
Isocitrate lyase + Nitropropionate Honer (1999)
(icll, icl2, aceA) (in M®) Itaconate Sharma (2000)
Munoz-Elias (2005)
Gould (2006)
Malate synthase (glcB) + Smith (2003)
(in M®) Kinhikar (2006)
5. Regulatory proteins and stringent response enzymes
Adenylyl transferase (ginE) + Parish (2000)
Uridylyl transferase (glnD) + Read (2007)
MtrA response regulator (mtrA) + Zahrt (2000)
Fol (2006)
Iron-response regulator + Rodriguez (2002)
(ideR) (in M®, under Chou (2004)
oxidative stress) Ranjan (2006)
Wisedchaisri (2007)
DosR regulator protein (dosR) + Boon (2002)
(under anaerobic conditions) Roupie (2007)
Rel protein (rel) + Dahl (2005)
(under nutrient deprivation, Jain (2006)

under anaerobic condition)

Modied from Ref.16. M®: Macrophage.
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Abstract Worldwide, tuberculosis (TB) remains the most
frequent and important infectious disease causing morbidity
and death. One-third of the world’s population is infected with
Mycobacterium tuberculosis (MTB), the etiologic agent of TB.
The World Health Organization estimates that about eight to
ten million new TB cases occur annually worldwide and the
incidence of TB is currently increasing. In this context, TB is
in the top three, with malaria and HIV being the two other
leading causes of death from a single infectious agent.
Approximately 1.6 million deaths are attributable to TB annu-
ally. In Japan, there were 70,000 TB patients including 26,000
new TB cases and 2,300 deaths in 2006. In order to combat TB,
it is urgently desired to develop new antituberculous drugs
which are active against multidrug-resistant MTB and more-
over efficacious in decreasing the periods of chemotherapy. In
particular, we urgently need new drugs that display strong
sterilizing activity in vivo against slowly metabolizing and,
if possible, dormant and/or persistent populations of MTB
organisms that cause relapse. Unfortunately, no such new and
useful drugs other than rifabutin and rifapentine have been
marketed for TB in the US and other countries during the 40
years since the release of rifampicin.

There are a number of constraints that have deterred com-

panies from investing in new anti-TB drugs. Research is

expensive, slow and difficult, and requires specialized facili-
ties for handling MTB. There are few animal models that
closely mimic the human TB disease. A long development time
will be required for any new anti-TB drug. In fact, clinical trials
will require a minimum of six-months of therapy, with a
follow-up period of one year or more. In addition, it is hard to
demonstrate an obvious benefit of a new anti-TB agent over
pre-existing drugs, since clinical trials involve multidrug
combination therapy using highly effective ordinary anti-TB
drugs. Finally, there is a perceived lack of commercial return to
companies engaged in the development of new anti-TB drugs,
because over 95% of TB cases worldwide are in develop-
ing countries. At present, several new promising antitubercu-
lous agents are being developed on the initiative of the TB
Alliance and Stop TB Partnership with a view of eradicating
TB worldwide in the near future. Indeed, in the US and some
European countries, research and clinical trials for the bio-
informatics-based development of novel antituberculous are
currently proceeding. In particular, attempts for drug design
using a three-dimensional quantitative structure-activity rela-
tionship (3D-QSAR) analysis based on genomics and pro-
teomics on the novel drug targets of MTB pathogens are very
promising. A great advance in the fundamental and practical

studies is needed to promote the development of such kinds of
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new anti-TB drugs in the near future.
In this symposium, we reviewed the following areas.

1. Dr. Atsuhiko TADA (Department of Internal Medicine,
National Hospital Organization Minami-Okayama Medical
Center) reviewed antituberculous drugs that can fully meet the
requirement of physicians engaging in the clinical control
of tuberculosis. Increase in incidence of MDR-TB and XDR-
TB is the major problem. It is expected that new effective
antituberculous drugs improve the treatment of MDR-TB and
XDR-TB. Because the rate of co-infection with HIV is
increasing, new antituberculous drugs that do not interact with
anti-HIV drugs are needed. Clinicians require new antituber-
culous drugs with early bactericidal activity superior to that of
INH and more efficacious against slow-growing or dormant
MTB organisms than RFP. New drugs are also expected to be

less toxic and less expensive.

2. Dr. Kunihiko ITO (Research Institute of Tuberculosis,
JATA) reviewed the clinical usefulness of TMC-207, PA-824,
and OPC-67683. Information about the clinical usefulness of
these new agents has been relatively limited to date. The avail-
able information was summarized in this session. Generally
those three drug-candidates seem to be very promising in the
treatment of multi-drug resistant tuberculosis. However, it is
not certain whether these agents have the same degree of anti-
tuberculosis effects as the first-line drugs, isoniazid, rifampicin,
and pyrazinamide.

3. Dr. Norio DOI (Department of Mycobacteria References
and Research, Research Institute of Tuberculosis, JATA)
reviewed the present status and issues of a few antitubercu-
lous drug candidates other than the agents currently being
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clinically tested. According to the Working Group on New
Anti-TB Drugs/StopTB Partnership/WHO, preclinical 9 and
new drug discovery 20 projects are in progress. Among these,
quinolones, nitrofuranylamides, hybrid antibiotics and post
ritampicin RNA-polymerase-inhibitor myxopyronin appear to
be promising. In preclinical stage compounds, new respiratory
quinolone DC-159a, CPZEN-45 and capuramycin were syn-
thesized in Japan. Aerosol drug (PA-824, Capreomycin, etc.)
projects for inhalation therapy might develop a new route of
administration in the future.

4. Dr. Haruaki TOMIOKA and Dr. Yutaka TATANO
(Department of Microbiology and Immunology, Shimane
University School of Medicine) reviewed recent advances in
antituberculous drug development with special reference to
novel drug targets. Newly elucidated, critical information on
the entire genome of MTB and advances in knowledge regard-
ing various mycobacterial virulence genes are promoting the
identification of genes that code for new drug targets. Against
this background, the future development of new antituberculous
drugs is discussed in relation to potential pharmacological
targets of MTB in the present article.
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