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@ Quinolones : KRICT/Yonsei Univ. (D PA-824 (Chiron, Phase I)

@ Macrolides: Univ. of Illinois ® Moxifloxacin (Bayer, Phase II)

@ Nitroimidazole analogs: Novartis ® OPC-67683 (Otsuka, PL. &)
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E1 Global Alliance for TB Drug Development (GATB) {ZD\>T
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tion with a single member of gene family—are used to

study the biological role of members of that family, the

function of which is unknown.
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THEGFALEWOEAZHET 5 -0I11F, BRRoE
TaATEBTRIREIAE LTSI LSHL,MIR-
72le, AR TIIEZEERIHT2HEERAZ ) —
ZVTRERL Do,

DED LS ICHEMERBNFEL ¥ v 7 BRBER
MAEbeE, HA4E3PABO IOV 27 MERFI,
# 1,000 D5 87 B L350~ 1,200 D EEF DO
EERT— 5 OMBH 2R To7: (K4). ThoD
Ty Dol sh, BREOERE S WAHEEKE
RARIF 4 7RT7H6A0EICOWTIE, V57 HE, B
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solwble  L—"T1 /Mass Spectrometry (SEC-MS)
proteins \
Wheat germ »| Biacore S51
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Bi 3000
Membrane ) /V 1acore
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’ U 1I]} Criteria: Binding>Ave.+SD |
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—EDEETHEAD ) LHITSNE Y YV B-BEEKXT BT L TRLTW 5,

ERThPRIZOVWTORBEREFEHET—F
R—ZAZERL, EHXEELDONLFL 75—
FAZAFECLY, HEERAT S5 VX7 BBIUVE
EROBMEBITL, TOBRLENL-HRAIERY
BROI:DDOHMBR—AEELLBER L.

AHFFE I NEDO 7 & DR AR B#E T2, 2006
E3PHERED o TRE L BRI N7 Vs
B-EELTF— 7 N—R2iE, REIC2VHROBIEE
BICHET 2HEBRPEHEITN TS, KF—FR—
A XY ENR, REPRORIMEREICEEWICFHRSN
BFHEFNENSFHRAE T —<HMICERATAZ LIS
BH, HVRRICEAEFT—IR—2L LTRSS
boLEZOLND,

8. TFIANF/ IV ARV -BERLEE
BROTEE4

ST, BHO XS ICTHEBEREICOWTY 19984512484
JARFIDBBREINS, F ) AR4AMOD NI, B
4,000 DBEFHFEET A EBHELMPC R > TV,
T, BEEY ) AIBEEZET AREFOHEIEB
CEVHBTH D, Thbb, EAENVEVRET
IZREEEZ DD ORFAEY J ADA5%ICF E R VWDIZ
ML, b MEBKEIZORFEAED0.8% b A KEE: &+
% ORFTH» 57,

—7%, IRETHEEOMBEESE, YWET I BE
B, &%\ i DNARBE IS 3 240Dy v 5y
HERE LRI T bR TR 5" (1), $7-,
Z DI 5 inkA, lysA, def, ramlA ~ D, icl, pyrR, dfirA S5
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R1 ChITEARME LTSN TEEHES Vs HE D

Cell wall biosynthesis
Peptidoglycan biosynthesis

Arabinogalactan and liparabinomannan biosynthesis

Fatty acid metabolism and Mycolic acid biosynthesis

Biosynthesis of essential amino acids and cofactors

DNA metabolism

Glyoxalate Bypass

Regulatory proteins

Miscellaneous

alanine racemase
D-Ala-D-Ala ligase
2C-methyl-D-erithritol 2, 4-cyclodiphosphate synthase

arabinosyl transferase (EmbAB)
galactofuranosyl transferase (Glf)
mannosy! transferase

inositol 1-phosphate synthase

acyl carrier protein

malonyl-CoA: AcpM transacyclase (FadD)
b-ketoacyl-ACP synthases (FabH, KasA, KasB)
ketoacyl reductase (MabA)

enoyl-ACP reductase (InhA)

mycolic acid cyclopropane synthase

mycolyl transferases

shikimase kinase

shikimate dehydrogenase
5-enolpyruvylshikimate 3-phosphate synthase
diaminopimelate decarboxylase (LysA)
dihidrodipicolinate reductase

glutamine synthetase

regulater of glutamine synthetase
dihydroforate reductase

quinolic acid phosphoribosyl transferase
NAD (+) synthetase

thymidine monophosphate kinase
DNA polymerase (DnaE2)

isocitrate lyase

regulator of glutamine synthetase

regulator of a two-component regulator pair
iron responsive regulator

serine/threone protein kinase-like (PknB)

deacetylase (MshB)
CYP15-like 14-a-sterol demethylase

K2 NI THENLZENPITORIREEES V7K

Target of Isoniazid NADH-dependent enoyl-ACP reductase (InhA)

Amino acid biosynthesis meso-diaminopimerate decarboxylase (LysA)

Protein synthesis peptide deformylase (Def)
Cell wall biosynthesis rahmnose pathway (RmlA, RmIB, RmIC, RmID)

UDP-galactopyranose mutase (GIf)

Persistence isocitrate lyase (Icl)

protein that regulates expression of genes and operons
of pyrimidine nucleotide biosynthesis (PyrR)
dihydroforate reductase (DhfrA)

DREGHEBEFICHRT Sy RSB LTI, S
BECESABED Ry ¥ VBFIYTORTET
W3 (K2 TNLERLBENVFTLRTVE LI
A, NRETHBEFORIOLEZNE, VWEFLED
1T ERVDITTHB, LA oT, HHROEER

EEREN LI PR ERRVEVIRIROZIT, &
IAINY ) I AMFREICLBENY U BERER
HTAILEERDLILETEEZVESL I H, T 2T
ATIANT I AWFELE, WALZXIIC, K
FRBEEDY o B4 S RABEL, k&P
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BH 5,
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KEICHUBEN, F—IR—ZLEINTWLbDEEZ
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BAORADENT, BT RELREREIS LA D
ENBZ LR LIV,

B, RSV A—X - FuFF I 7 AFERICH
JaRFZRE, Bk L7k 5 ICNEDO (T i V¥ — - &
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£, AEEMEE, REKZEZHOTFILFHLELY
SREHIHBLEIHERT VRV, IR EH
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3. MEEEREE L drug delivery

RIGREERZEREZAR R

i C &I

WHO D& T, T EEMILL 2w
&, 2HEFHIC20024E % 520204 F TOREIZ, 3600
FAPEERTHTHAH) LEBEL TS, —F, bt
EC B} 52003 FEEDOHKFTIX, EBOFTERESE
Bix31,638 N (BEBF248) LHEINTEY, HHKIX
bYEZEOERRE LTEERRIETH 5,

B4 R ERBMDFRE, WRINE—F, #H%ECH
THRBEEORARIIE DO TENRTEY, BEIOKE
Pk FRObFEHEE L ERBF % f6¢ b DT RED
BEACHR, BESEIRTOWRVWONEIRTH 5,
T /-, AR, BIEEE 2o T A ZHIMT R I3 LB
HCRENRMEENFE LI LR, DPETLA
EHROBIMEMAFRD &N B Mycobacterium avium com-
plex (MAC) RREEICH LERALRIEEI D i E
PUBRR REED BRI 4 2 BB H B, 51, T
BEEPMOLZ OREEERESRR LR/ L LT,
RSO ) BBOEF 2 EH L2 T hid% 5 2w ik
ZERDVLET, BEOREIVTIAT VY ANELD
TRBRTHHLVEELMETH S, IV TIATV
ANA RO, BAGRP, A THRREHNT5
&, HOEAREICORIY, HEREEEIIT DM
6T, ARBMELL EbDTHETH 5,

FRPUELEICE LTI, diarylquinoline (R207910),
nitroimidazopyran (PA-824) <%° rifalazil (KRM-1648) 7z &
DHEER, 3 TIZERKSE AT EE % 8-methoxyquinolone,

~—, KE FH, @0F K

oxazolizinone 72 EASH - L PIPIBEEE L L THFER T
Wb, REBHEEICROONLESHE LT, ORBBEE
5ilXaFEI 0T L, ORBHRBREOHMIN L
REEEZ b2 L, OFNBRBICBV THIRBABIT
% BABITHICER TWAZ L, OBEFOER &£
ER RV LR EVFBEETHEH, ThEDOEETR
THZEHICTEHEEL 2V,

BEH#E S X T A (drug delivery system: DDS) %, £4
BTy /ud—kBMELBRFOER B L, EHKSE
CBITHIEEORE LA, RERKLZES LTa Y
T4 Ty ARMLEE, XDIEBEOEHT, Ly EH
B, &2, fE, »OVRERZERICOLENEELNDLE
LT T 5,

ARTHE, AREERREDDDSIZOWT, HEE
TOHEZFLIE, bRbhOKRED —HEANL 25
RBFHT 5o

Drug Delivery System

DDS L i, [EMRoORELEENE LT, &K%
WEBRORELINVVEDDYRAFLELEL L, 08
YEREAT % 8 U CEMENBREOBENE % 135 2 B3k
55M 2. BAEMICIE, BELTER (R
MK, MR, WEALZ L) CEDEHREIOEFMIC
%D RALEAM R, BHERELRETEAR, BHTRI - 4
fRansI e BRICEESYE, B TEAMELHRHBL
THEBHREFOLIHEMOBHTH Y, [EYHEES R
Tul, TRYEEV AT Al RELIFENE, Thb
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VAT ADISAIZXY, BROMME - BH (5 BHR,
BRIK) TS TTH4L, BEABER S, £
BAYLK (QOLOHE) L, AN %E (RERHED
BR, 27547 AAL), EREROSE (FE
EEmMORIH), FEME (BRENR, X - BEOD
L) MEICoL B LEZONS, B, FELVA
7L E LT Fig. LIRS &) 28, FER» 2, K
Wy ae, OBRmBER, OELER, ORIIMEIHA
RETHY, Z0Hb, RBEHERISEEATHSE
BYRATAELTIE, EHBML S ICENLEES 7
VARV — LB, BRBREORTLHCHENREZ
Ho MAFILEM (74 7 0lF, FIHTF) 2T
by, EENLTFT—5ERESIhOD0H 5,

Liposome ¢

YRV =L, UV VIEBERIHRE LAEZEOBEY D
DARRGF T, BRIZNRBHEEZMSMT s &1
X0, XYRELMBABTELXBIRLZDDOTH S,
KEEWE, BEAMDELLBLOEA*BATEE
ENTET, BF, ROMEOEALZHEKO—OTH
%, BRPEFERBRTIE, MUEBH TDH % amphotericin B
(AMPH-B) @) RV — ABHA, T TIXEALLERTS
D, 20064EICHATS L &hize AMPH-BIZE#E%
MERHT, it 2, HEBARY P VHIEL,
PORFLRAREEE R IEN-EHTH S, Lr
L, BE RB#% El, nER BWRERE, BHRER
FREDEELREEA EREICHET 5, EBROBZHR
ZBWTIE, ChOSBHERO DI EBEN THET

(controlled release)

IRH B BT s Qs LAk EDRABREIEA S R T A
Ey/E 3i0) i) MR T (=4 7 0lF, F/5F)

i #8135 £125 20065128

X\ I EAE Ve AMPH-BD VR Y — A 8% (Ambi-
some®) i%, AMPH-Bf#H @ EEFR B9 7 limiting factor T&
LEBBREEDORTAN AMPH-B DK E5TH B L HED
*hTBY), BREREUNOEEARERICOVWTHX
BICBRENTEY, BEZFIECEDREZZ RIS R
FEBIZEINT, BEAEPTHERTH-EMESNT
W32, EEMEEERBRCBVWTIHFEIHEFEIATY
LEHTH 5o
RBEHREICBITS) RV - ARADKRFIZONVT,
bRbNOEETIRIRY—2HAX N T4 T
ET N YV DERKT T AEBIEICB T 2 EESRIC
DWTKRE L7z VRV — 2L T V50mgkg/H
DAMNVTIIRAYY, PIHTY VY ENTROBEANZL
DIBBICHBRLT, ROV RV —AMEBANC X B
BET, ARCAFENERL T REF2EREEY
A~ L7 (Fig. 2)o %72, Labana b D& Tid, key drug
THBEA4V=TYFONH), V77T~ (RFP) %
VR =AML L RREZER LR L TW5, T4bb,
Mycobacterium tuberculosis HyRv D7 77 A Y€ 7 )VIZ,
stealth liposome \C #f A L 72 INH & RFP %, 1[H/:&, 6
BH, EBRES LEREZTo7%. VRV —ABHAIC X
DEMBICBNT, HRBEOM, R, BEICBI2E
BAS, FEURY - ABHIC X BB B L THKETE
WICERICBRI L, ARREREEEZRLZY (Fig3).
VARV — ABENL, TTICHREFRTORASATY
LEMTHY, BWEFNIIBITLRETDIEL 2ABED
LiTbh Ty, BREAKORY, REBOBRE, BH
DEBZ ENBOLN, FARLBVI L 23T 8K

RA ORIz T—IINY g
FERZGBIES R T 4
BREERIATLARYE

REEOBA 2 &

(targeting)

SEFB L HA | Zmemaoie ERFTOETy Y

[V R 7 EAVE
BaFsursy s
BAFIA4 70X 77—
VAR — A

VEy FY420x727—%h¥

(absorption)

BEBRORR AL BB RV — A

65 1 R LA A e A FEHIHA AF b7+ V2R
o

BrEH
Puistsss
ENVEVESR Y

Takrsy sy

RYAFARE

Fig. 1 Drug delivery system
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HEPREZLRRT LN,
Polymer based DDS

Polymer based DDS & i&, microparticle % nanoparticle 72
EOEFNTHET AT FWETHEY NI v I X%
BAw7-8FTHY, ZORUNREFRIZESR, B, K
BEERSBEELEDDTHSD, ¥ M) v 7 RiE, thermo-
plastic aliphatic poly (esters), poly lactide (PLA), poly gly-
colide (PGA), copolymer of lactide and glycolide, poly
(lactide-co-glycolide) (PLGA) 7z & @ synthetic matrix, &
D AEAENDORI RIS A 2 & N7z alginic acid, chitosan,
gelatin 72 & @ natural matrix {3 E N b, T 5 poly-
mer based DDS D& K DHF#IZ, BFLMEARITZ R
FTIL, BRABRBERET S I EAMEICR-72HTH
%, MIBRW, Mla~ra7 7 —JWICEE - HET 5
o, TOHEBUBVWTHREESEEOE Th sHiE
PICTHICBITTAZ LI EDLDTEETH 5, micro-
particle % nanoparticle i1 X FEB Y, TOENENLLEN
1~1000 gm, 10~1000nm T&» 5 b D% T —HEHIC
BA1~10mTHNE, v7u77—YViKRYREh
AL XTHY, TOH A4 XeFA-8EED, #k
BECHET R LEZONTVEY, 51T, ZOEMNT
pm BT Z 2 niE, Kupperfifaefiifa~s a7 7 — i
DEBINDTIAXLRY, BEERE LTIRADT
[ RN

#0 microparticle 8#

Ul-Ain 513, INH, RFP, ¥5 Y+ 3 F (PZA) % &
L 7z microsphere %l % Fi\: 7285 £ 17\, M. tuberculosis
HyRv < 7 R EHE 7 VT BT, PLG-microsphere %

-#-No therapy

-& Amikacin (50 mg/kg/day)

- Streptomycin (50 mg/kg/day)

- Liposomal streptomycin (50 mg/kg/day)
- Liposomal amikacin (50 mg/kg/day)

1001
90T
801
701
601
501
401
301
201
10

Survival rate (%)

\X\

0 1 2 3 4 5 6 7 8 9 10 11 12
week

Fig. 2 Efficacy of liposomal streptomycin and amikacin in
Mpycobacterium tuberculosis-infected mice
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v, 1E/GE, 5B, BO%kS LRE, BEHEZ
HH, 5AM, #OKS LAY Pu—VEE THRL
720 HEBOM, I, BEICBUAIEEICTHELL
& %, PLG-microsphere B #| % F L 7= #1%, b§H
SEHOFKET, av bo—VELIZIZRASOEREEY
RL729 (Fig. 4)o T72, XVEBEIREODHnERDR
% alginate-chitosan microsphere 8#Z X % M. tuberculosis
HyRv ENVE v MERE T VERIZ L 2HETTIE, INH,
RFP, PZA % #ifsfi%k & L, 1[@/10H, & s5ME, &O
‘e L-BL, BBMHEOEFELERICL, 1EH/7
A, §t7ME, BOKS LE, 2500, HIEMELE
H, 460, #O%KS Loy bo—VEETHEL
T2o WREBORE, BBIZBITABEDKETIE, micro-
sphere HAHGHICB VTS, T ¥ Pu—VEEIZIEZHE
HEOHBORD % B0, FHHEHIHZTE 72" (data not
shown)e TNHDF—FiZWFNd, microparticle E H)

[ controls
[H free drugs

»<<0.001
! [Jliposome-drugs

LogiwCFU/organ

lungs liver spleen

Drug: INH, RFP Carrier: stealth liposome
Animal: mouse Strain: M. tuberculosis HnRv
Route and duration of administration: once/week, i.v., 6 weeks

Fig. 3 Efficacy of liposomal isoniazid and rifampicin in
Mpycobacterium tubercuosis-infected mice

-L’Ul1lr<\|\
[@ free drugs (once/day)
[JPLG-drugs (once/week)

LOG CFU
© = N WA Lo

lungs liver spleen

Drug: INH, RFP, PZA Carrier: PLG-microsphere (size: <3 xm)
Animal: mouse Strain: M. tuberculosis H»Rv
Route and duration of administration: once/week, p.o., 5 weeks

Fig. 4 Efficacy of (lactide-co-glycolide) microparticles
containing isoniazid, rifampin and pyrazinamide Myco-
bacterium tubercuosis-infected mice
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Table Salient features of inhalable anti-tubercular drugs delivery system in experimental animal models
. Respirable  Median aerodynamic . Duration of sustained drug release
Drug loading aen% sols diameter d m) Animal — Lungs Referene
Liposomes ,
Conventional RFP 22% 94% 0.96 guinea pigs 2 days 5 days JAC. 2005 ; 55: 430.
INH 14%
Ligand-appended RFP 40% NR NR rats NR =1 days Int J Pharm. 2004 ; 269 : 37.
Microparticles
PLG RFP 30% NR 2.76 guinea pigs <3 days 3 days Pharm Res. 2001 ; 18 : 1315.
PLA RFP 11% 38% 6.2 rats NR NR Pharm Res. 2004 ; 18 : 1405.
INH 4%
DPP PAS 95% 63% 7.07 rats <3h 23h Tuberculosis. 2003 ; 83 : 379.
Nanoparticles
PLG RFP 60-70%  96% 1.88 guinea pigs ~ 6~8 days 9-11days JAC.2003;52:981.
INH 60-70%
PZA 60-70%
Lectin-PLG RFP 60-70% 88% 2.8 guineapigs  6-14days 15 days JAC. 2004 ; 54 : 761.
INH 60-70%
PZA 60-70%
Solid lipid RFP 40-50% 95% 1.8 guinea pigs S days 7 days Tuberculosis. 2005 ; 85 : 227.
INH 40-50%
PZA 40-50%
Alginate RFP 80-90% 80.5% 0.4-2.1 guinea pigs 10-14 days 15 days Int J Antimicrob Agents.
INH 70-90% 2005 ; 26 : 298.
PZA 70-90%

DEOEGIZL2HPWERETF NV TORKETH L, &
BITHREGHBEZRCHELT I EHFTETHY, RE2
YTGAT Y ARMESED T ENHATE

% A nanoparticle 8l

REFESHOMRE~ 97 7 -V CRETH LW E
WZBWT, DDSABRDBHEMIIERATH B bh oK
BERHEIBRAFETHLLEbhS, ThbL, HBEH
EHIE % & L7 nanoparticle BH| ASE B 12 P D i
CHY AT h, HEREIIZEHLD THRMICHEEEITS
CEDUEEE 2B BT 7 0T 7 — VICEY
RENB7-01TE, RADOB/MEPLETH o705, &
3L D nanotechnology DHEAIZ L Y, X B /N 7 particle %
TERT 5T EXTREE o TE T,

INH, RFP, PZA % & A L 7: lectin-functionalized PLG
nanoparticle B#| % A\ 7283 Tid, M. tuberculosis HuRv
ENEY MREEFVIIBWC, 1E/2:8, 3H, &0
HHVIIERRE LBEL, WEHELER, 45HHE,
BOkES Loy ra— VB L THEL 2. bioavail-
ability DHRES T, nanoparticle B % itk 5. L - 813,
BROBRSGHIERE P o7b DD, 2 ba— VB
HB®LTEDbOTRIFZEM%E R L7 (data not shown)o
T/, BEBEICOVTD, HEEOM, BREICBITS
HEORET, &0, MG IIr2H6T, b3
ElDO#% 5T, SHEOERKSGZEL/ T bu—

B Li2IZRSOBREE %R L2 Y (data not shown) o 77,
alginate nanoparticle #] % W 7-FEOBFIZ BV TH,
BRI EHORBRTE, LHFEHEELRL, »o, &
BEEKEEAZEHIIROTI LA TELEBESA T
%% REMEYEIYE 7NV ICBIT 5 DDS & FIH L 2=RA
ERBAD T LDF Table ISRTAS, <MY v 7 XA/
SWIFERARRS LR L, FhCtky, Mm%z s N
FATOEFRBHBIERSH, REI >S54 7>~
AWE R BRSNS B 2 L BEBOBZEH & EEE
INTn3BY,

T & B

TBBEEREICDDS 2 BB L EDOKRICOVT
#B L7z, liposome BHI, polymer based BH| D FeEI- &
D, BT, H5VIZIMFICBITHECRYIBE R ERET
BIENTREL ol T2, MY bu—nick
D, EVDBVREERT, HISHELREOBREHE
P/ROND L) hole ThEDDDSEMIHEE
ERIIBNT, EbOTHRALERTHLLEDNS
N, =K, AR, EERNTERL> RS, HEEshz~
SEAVREM, POoRBETENICEETSZLIZD
%%, TN, BMERORBBENS {25 T
H, H50E, BPCTEARSEHBITE VDI,
RIEAZ Y a— L Ta Rl 23V Ly b BET
%o T, ARMTRLAHERRE, wWFhbBmER
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WCEBF—5Thh, ERICE TR SN -EmEIT %
VOBRKRTH 5. BHiz ) THABEEEOAL S
3", liposomeR< MY v 7 A2 X 3 FHIGLEIER b H
BREAsWEeEDH 5, X51213, BHOMERIZ MLE
HTELRVHEETHY, 51, DDSEAIERIK L NV
TERLSh B T TR, BRINDEREBELH 5,
L2 L7%25S, DDSHEMPBEEDOEFHOREE+ 24
KB EHTEMTHAZLIZEVORBIIRL, 4%
b, LVEAMLKREZED, MEBEERRMEOEREIZD
RBHLWBENELARIND Z L2 HRFET 5,

X [y

1) |OME, B BF, SIS VR{LETAFTI VY
B. {LZFBEOHE. 2003 ;19 : 215-220.

2) Roden MM, Nelson LD, Knudsen TA, et al.: Triad of acute
infusion-related reactions associated with liposomal ampho-
tericin B: analysis of clinical and epidemiological character-
istics. Clin Infect Dis. 2003 ; 36 : 1213—-1220.

3) Labana S, Pandey R, Sharma S, et al.: Chemotherapeutic
activity against murine tuberculosis of once weekly adminis-
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10) Pandey R, Khuller GK: Antitubercular inhaled therapy:
opportunities, progress and challenges. J Antimicrobial
Chemother. 2005 ; 55 : 430—435.

4. HIBERREORZHBIEL

BRAZEZERMAEY - k¥ EK FIE, Kk BE ER BY

0 ®IK

WA, BRIMEEKR AIDS & L TOEERERDE
TicRRAY 5 &% MACRE DM, HIRMLIIHLT S
eIz, BEODLD LD DBH P OREMED 2 VFHH
PUEHE, HIMACEORRYEBL 2o T5, B
FCIREEICH LTHREESE AT 5% OFRIE
EHPR|EINTETEY, ARIVEDOLNTETNS
A, FLOTEBEDOIRBZRZ LT LML D
LIEVEBVWRRRICH A EoT, T LBRICE
Wi, BHEATHEL) 2HEEC X 2 EEHR LM
SROMBA T HCTHRIELLILLIAVERSE
LTAHBILHELIDODFRTRE VI LEbLNS,
ZDEI WY HAD1IDL LT, BEOHEEICLS
b HEE 24T S 4> immunomodulator 2§t LT, HHE
ROBEGREED L) LTH50DbW 5 REMBIFED
RAVED SN TV 57,

NBREREEEICH TS YA MDI12 (CK) 2V b
7 — 7 ERPEHRURRDA DXL

Fig (3 REDHRZ b L ICHBERREBECTOML 2
REFAHCKOI AT — K230 THEAE, 20
CKAy N7—270fhTiRvrzu7 77— (M) REHIK
Mz EAEAT B IL-12, IL-23, IL-18, IL-27, TNF-a,
IL-1, IL-7, IL-15% & ® CKIZ & % stimulatory signal %
ZiF7: Thi MR NKMRRO S - {EbE Zh 5 0
RAhbELEENSIFN-y, TNF-a, GM-CSFR X2 &
5 MODIFEHALD BV IZEN LD CKOBEEERIZE 5
MO DIEMALA TR E BIAE E I B 5 BB O KL
RPREERUORBICL o TEETH 52 h, &
FEIHIE S 2 & — FIZ2oWTiE, Th2#I88, NK1.17TH
Kad 5\ 1% CD197/B220 B & S IXIFhER L &5
DIL-4,%2 6 TS 5 VI HEBEREMO» 5
EEINSIL-10, IL-13, TGE-BRTRRY VI I ¥
EFMEBEEOWEND 52 W EHBEOBRFREICL VB
RENDREREUEDORIICEELREALETLDL



768

% #31% $£12% 200656128

Mycobacteria
(bacterial proteins, cell wall components, LAM etc.) = Stimulatory signal
{,L = Suppressive signal
| Antigen presenting cells |
M, etc.)
(M® IL-12 production {}") , (M® IL-12 production ¥)
v l ¥
IL-12 IL-1
1L-23 NKIL.1*T cell
NK cell (IL-18, IL-27) CD19*B cell (?)
(IL-7, IL-15)
(IL-1, TNF- « ) l
IFN-y = IL-4
] =
(Collaboration) (Collaboration)
TNF- a Thl cell Th2 cell
GM-CSF } J
IL-2= —
. IL-4
A IL-10
(GM-CSF) — IL-13
Bactericidal activityﬁ Bactericidal activity & (?) T
o | TNF-o, GM-CSF
production &

TNF-a, GM-CSF, IL-1 <—
IL-12 <—

M infected with
mycobacteria

—> IL-10, TGF- 3, PGE

| (IL-6)

Fig. Cytokine network in the hosts with mycobacterial infection

In this cytokine network, the cytokines such as IL-12, IL-18, which are required for the induction/
activation of Th1 cells, and Type I cytokines including IFN-y and IL-2 play crucial roles in the
expression of host resistance against mycobacterial infections. In addition, immunosuppressive/
M@ deactivating cytokines or humoral factors, such as IL-4, IL-10, TGF- 8 and prostaglandin
E (PGE), which are produced by Th2 cells, Ts cells and M ®s, seem to play important roles in the
establishment of immunodeficiency due to persistent and advanced infection with mycobacterial

pathogens.

Zz2 6N TwbY, B, Lingnau 51 & 0, KBE~
D IL-41X TGF-B L DHFMERICL Y IL-1212 X %
b D LIFPIDORREET Thl MR DFEHALICH &3 2 ik
BHREZINTVEY, O Lid, Lozt
CK b T 725012 & o TITE ERGFH B REDOHER I
T TOHIED feedback R 2 ) WEEHZRT DD TH
D, RBERREFEECBITACKAY VT2 08HL:
T 7 4 = VD—{H ) b b,

CK & CKHEHR % A\ - Bh AL

(1) Thl, Th1&&CK

Table 1D & 9 % #ERER I CK & IV TORERB
BEORAVED LN TV B, WFhO CKIZH - (UF
SRS R AIDSBHICRE L -2 BHE%

MAC BHEIZHIR R & OB THRE L2BEIC, HEH
X BB RO D 5 BEOHMEATAD ShTnB2Y,
LLads, Thbod CKERWTORERMBIEEIC
i, OCKEAFFEICEMTHLL, OQLIELIZE
VEIERZMEIZE, QTN S5O CKOEBBRE TN
H4IZLT, 2o TIL-10, IL-13, TGF-B % ¥ O
] CKOM FEEATLIV, DUTRBEMOD
BRGURE 03 2 REIEEOMTTABR S h 2 Thed:
PRI LR EOMERIERERTV S,

(2) CKFEZH

AN CK BHEH] (Table 1) & LTI, TGF-BMHE
AT @ % decorin % TGF- § O latency I~ 7F F i3
D, —MOBEKBETHMEL 25 THES Mo DM
BEEDETMRT 5 & 5 2RI HE ShTWEY9,
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Table 1 Promising cytokines and their inhibitors useful for adjunctive immunotherapy of mycobacterial infections
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Agents Remarks References
1. Cytokines
1) IFN-y (sc, im, id Active against disseminated MAC infection Squires, 1989, 1992, Holland, 1994
injection) Active against MDR-TB of the brain when Raad, 1996

given in combination with GM-CSF

IEN- y (aerosol) Active against MDR-TB

2) IFEN-a (sc) Active against MDR-TB
IFN- a (aerosol) Active against pulmonary TB
3) 1L-2 (id) Active against MDR-TB

4) GM-CSF (sc) Active against disseminated MAC infection
Potentiation of M & anti-MAC and
anti-M. kansasii antimicrobial activity

Active against idiopathic disseminated

BCG infection
5) IL-12 (sc) Active against refractory M. abscessus infection
Up-regulation of IFN- y production by T cells
6) IL-18 Up-regulation of IFN- y production by T cells

7) Recombinant BCG
secreting IL-2,
GM-CSF, IFN-y,
orIL-18

Potentiation of host Th1 cell-mediated immunity
specific to mycobacteria (PPD response, T cell
growth, cytokine production)

2. Inhibitors of immunosuppressive/M @ -deactivating cytokines
1) TGF- g inhibitors
(1) Decorin
(2) Latency associated
protein of TGF- 8

2) Anti-IL-10R antibody
(ip)

3) Chinese traditional
medicine Yokuinin

Inactivation of TGF- 8
Restoration of T cell responses in TB patients and
augmentation of M @ effector function

Potentiation of the anti-MAC therapeutic activity

Suppression of IL-10 production by MAC-infected
host M®s

3. Inhibitors of proinflammatory cytokines
1) Corticosteroids Efficacious in controlling tuberculous meningitis,
pericardial and pleural disease

Active against disseminated MAC infection in
AIDS patients

Promotion of clinical improvement of pulmonary
TB and tuberculous meningitis

2) Thalidomide

Condos, 1997

Palmero, 1999
Giosue, 1998, 2000

Johnson, 1995, 1998

Appelberg, 1993, Bermudez, 1994
Bermudez, 1994, Kemper, 1998

Sanal, 2000

Holland, 1998
Zhang, 1994, Doherty, 1998

Biet, 2002
Murray, 1996, Biet, 2002

Yamaguchi, 1990
Flaumenhaft, 1993, Hirsch, 1997

Silva, 2001

Tomioka, 1999

Home, 1966, Alzeer, 1993
Wormser, 1994, Dorman, 1998

Tramontana, 1995, Schoeman, 2000

T, MIL-0ZBFAIBFRLHLEOELE (371 =
V) I MACE: T8 £ THIRL O IFN- y BEAREO B e
2 MACEREMPIZ & 5 IL-10RBHOWEIER I/ HRE &
hTwa?, fh, MRS - ZE%E CKICXT 5/
£ (Table 1) & L T, corticosteroid % thalidomide A%
ERICEROBTHERASN, H5VITHEBEIEDLNT
Wb, LA L&A, 3 TNF- o JiARA 2 INFZAER
BAH 2 EOBAC L REMOERLOMES EHB S
TEY?, BEOHREERBICEELRELZHEL TS
TNF-a 270y 7§55 &) EBEICEIP X o THK
R MACHENEEEBL Lo 2AE S LI LICDH
FTHCEEEILIMLESEDBL L bR Tnb,

1LV A2 1 70 immunomodulator % V=
TR

BFE, Table 212U A+ 7 v 7/ L72& 5 % immunomo-
dulator BFE SN OD2H 525, WIhIBB/OEZ %+
h, FURERRTEEO Thi AL, NKHEK, Mo DEHE
LVER, &% \id MO DORERF] CK EA OB EEYE
RERBFLTVD, MTICHBEREREE I T 2 1L38%
EOREMBIF & L THICAZ % immunomodulator |20
WTHRAT 5o

(1) ATP & Z0FH# Ak

ATPB LU ZDOFBEFREIP2LET Y — %4 LTHEA
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Table2 Promising immunomodulatory agents useful for adjunctive immunotherapy of mycobacterial infections
Agents Remarks References
1. ATP and its analogues Potentiation of M® activity against mycobacterial organisms via meas, 1997
P2X; or P2Y receptors Sikora, 1999
Kusner, 2000
Stober, 2001
Fairbairn, 2001
Active against MAC infection in mice (ATP alone and ATP in Tomioka, 2003,
combination with CAM/RFP) 2005
2. Picolinic acid Potentiation of M® anti-MAC activity of host M®s Pais, 2000
Tomioka, 2006
3. Imidazoquinoline Potentiation of host resistance to BCG infection in mice and Moisan, 2001

derivative S28463

4. Diethyldithiocarbamate

5. Poloxamer CRL-1072

6. Dibenzopyran
FCE 20696

7. a-Galactosylceramide

8. Diclofenac sodium

9. Secretory leukocyte
protease inhibitor

10. Chinese traditional
medicine Mao-Bushi-
Saishin-To

11. Levamisole

12. Calcitriol

13. Triton WR-1339

14. Glucosaminyl MDP

15. Synthesized bacterial
oligo DNA

16. DNA vaccine
expressing MTB
HSP65 or IL-12

17. Heat-killed M. vaccae
(SRL 172)

enhancement of M@ RNI production in collaboration with
IFN-y

Potentiation of antimycobacterial activity of human
monocyte-derived M ®s

Potentiation of M® anti-MAC activity and RNI producing
activity

Potentiation of host resistance to MTB infection in mice

Potentiation of host anti-MTB resistance through activation of
CD1d-restricted NKT cells, which in turn inhibit
intramacrophage growth of MTB

Potentiation of the therapeutic efficacy of rifalazil against MAC
infection in mice by reducing TNF-a levels

Potentiation of anti-MAC antimicrobial activity of host M ®s
and suppression of M@ TNF-a production

Potentiation of the therapeutic efficacy of rifalazil against MAC
infection in mice and enhancement of M ® anti-MAC activity

Restoration of T cell functions in disseminated TB patients due
to immune deficiency in association with chemotherapy for
leukemia

Induction of maturation of host M ® s and down-regulation of
M@ production of TGF-8

Potentiation of host resistance to mycobacterial infection
in mice

Potentiation of host resistance to MTB infection in mice and
reduction of spontaneous relapse following chemotherapy

Potentiation of host resistance to MAC infection in mice and
augmentation of M® anti-MAC activity and Th1 response

Potentiation of host resistance to MTB infection in mice,
elimination of MTB organisms after chemotherapy, and
switching host immune response from Th2 type to Th1 type

Efficacious in increasing treatment outcome of standard
chemotherapy of TB patients, presumably by converting a
pathogenic form of immune response to a protective response

Hubner, 1991

Jagannath, 1999, 2000

Verini, 1989

Chackerian, 2002
Gansert, 2003

Tomioka, 1999

Tomioka, 1999

Tomioka, 1999

Taki, 1994

Kruetz, 1990
Denis, 1991

Kondo, 1986

Venkataprasad, 1997

Hayashi, 2001

Lowrie, 1999

Stanford, 1990, 1994,

1995, 2001
Johnson, 2000

and switching host mycobacterial immunity toward Thl
responses

Dlugovitzky, 1999

ZHRICER L, MIRBEOEIERTI EXMSNIT
Wb, &, ATPIZIZ, MO L TRV ET ¥ —,
BIZP2X L7y —RERICER L, MODREBER
BCGHIIIM T ABRERLMEMT 5 & v o EANRE

ENTWAE", ATPRHEZ ) 1T MO T, MlRKICHE
TS BCOHVPERLHIIEBE STV, ZORK
HATPIC L o TRHFEBENBE TR =Y REBITFLTY
5" E£72ZDX)EMOINTHBCCEDKE L Md
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DT R F—Y X%, ATPR P2X, L7 % —® agonist T
& % benzoylbenzoic ATP (BzATP) 7% £1Z & 1) 78 & FHik
ENBY, ZOMDOX 7 LEF FTRFEINEZ V. &
D&% ATPOERORBR I, EDEHIRVTFN
ZEZVEE L TWBONIZDOWTIL, Lammas 5 DK
51T P2Xs % P2Y, DIE ML I EE) L 2B E Ca® IR
DM, MO D BCCHELBERE I T A2REDTLHE
WCHETHHZEPHELIPICENTWS, bhvbhd,
ATP O M® OHL MACTHEHEIC RIZTIER IOV TORE
PEDTVAEH, ATPFE /21X BZATPTMO 2B L /-
BE, TROEBTRBMBRAOARZVD, ZhIZCa®
1477+ 7% HHLTHERASEAZEICED, MOD
FUMACTERFERICHBINSZ L2 RE LTS,

F /2 ATPR® BZATPIC X 2B 2 X 1), MFBEE A XK
Y= AN MO NRE MACEH AR~ 21
r—varyasrIlE,sd, ATPAAEIZL ) MO DOHEE
PR ORAREI B R ShARESZE L bh
%o &HITR T A MACREEIZH T 2 HEEEBEAND
ATPDBEREFRIZOVWTATAB L, Il - BRAERKD
b8 L LTD CAM/RFPIC X B IAEEIRIZ, ATP
OHRZRETEBICHEARTAIZEIHLA IR > T
%9,

(2) ¥ay B

Yay yBiE, ZIn” R R R EDEEA T VIR L
T chelatingFEEZ A L, BED S D zn* ORI E R E
THEBERPHON TS, BT PaisHICL Y, 0
¥ay vBE MACREMOICER SELEEICE, 7
HF =Y APFEENDLY, THICEBHLTMOHARE
TEMACH OMBWHEFEMFIR AL ND Z EHHEINT
Wb, bhibhoRitd, €3 YEICIEIMOIHR
£ MACH 23X 5 CAMRFPEHIR ¥/ 0 v OHEE
WA RS HERAVFBD SR TWEY,

(3) Imidazoquinoline $28463

S28463 13Ty 4 W AN, PUEEEW, 7Ya Y
&M %A 3 % imidazoquinoline R &l TH % 2%, in vivo
TI1H IFN-o/p D% EEE, IL-1, IL-6, IL-8, TNF-a®
SWDTENER, BIRMB ORI - CKEROFERE,
BMIBE DRI - PUAEA OFERE L EXMS T3,
(4) MEWFH¥% (MBST)

MBST 3 b P ETREERPREXRDERNOYEL B
BWELTHAIRTWRERETH L, REDDILDbR
DOKRE T, MACRHE~ Y RIZY) 7774 ¥ v REH
rifalazil & MBST & % $EF# 5 L 7235812 rifalazil D16
HEPEEIERINE ZEFHELPCR o TWBED,
Z DEENTE D EIIC 1L MBST DI E M D MAC BT
THRBEOWBIERIEKF LD THo 1% I
A=v, BRE, #HRK% TeKk#gErloto
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SHEIIRAEFEIZZZOLD ZHBREEDOA RV
DT, T LENIMBSTIZRENLZDNDLEEZDS
s,

(5) M.vaccae DINEIEHE BE] SRL 172

SRL 172 i3 EB BB EE k5 LA, BEOR
EETh FIF Y MDFAL Ay 7 bERBI LK
D, PRHEEREOBRENREZED, XHEZHRCH
HENLZAROEELNADNE Z LD L DERABIC
IVHEIDLNTVEY, LA LiadS, REDKER
BERICX ARERTIE, SRL1720 1 @RS H T, BF
DEFRLMBEEN 2R TALEEDERNRIIEE
RLDTRBVWILPHRESNTEY, ZOBRKOER
HICOWTIZSBROFEM AR PLETH 5,

& ¥

PR IERIEDREICH - Tid, YLD X)) Rk
BH OHSILANICRBICRAEDDEZEZ LS
W, 25K ZHMTEMEROA NS DNEE L, &
LIZMZ T, BHFO%S2To72%ATd, BEMS
DRFEIFINE CK R RBENHIERE FORRELFTET S X
) B & D 2R WRERMBRSTFRETH S, BN
Tk, ZILE&lz27)7—C&Z23%2bDLLT
i3, BV TEIThE, ATP, ¥ OV VEEDSEYT 525,
ERRIZ MACE R < 7 2 O CAM/REP & O 6 F JL B &
HEICRERBF E LTBWIBEOEMZ, S0k s
BRI, FABROVLRILDBOTIERL, E61C
BN ER 2 R REMPFRLZOREL VXAV ORRE
WEEND.
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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
Mpycobacterium 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 leading
causes of death from a single infectious agent, and approxi-
mately two million deaths are attributable to TB annually. In
particular, pulmonary TB, the most common form of TB, is a
highly contagious and life-threatening infection. Moreover,
enhanced susceptibility to TB in HIV-infected populations is
another serious health problem throughout the world. In addi-
tion, multidrug-resistant TB (MDR-TB) has been increasing
in incidence in many areas, not only in developing countries
but industrialized countries as well, during the past decade.
These situations, particularly the global resurgence of TB and
the rapid emergence of MDR-TB, underscore the importance
of the development of new antituberculous drugs and new
protocols for efficacious clinical control of TB patients using
ordinary antimycobacterial drugs. Concerning the develop-
ment of new antituberculous drugs, the following points are of
particular importance. (1) Development of drugs which display
lasting antimycobacterial activity in vivo is desirable, since
they can be administered with long intervals and consequently
facilitate directly observed therapy and enhance patient com-
pliance. (2) Development of novel antituberculosis com-
pounds to combat MDR-TB is urgently needed. (3) The eradi-
cation of slowly metabolizing and, if possible, dormant popu-
lations of MTB organisms that cause relapse, using new class-
es of anti-TB drugs is very promising for prevention of TB
incidence, because it will markedly reduce the incidence of
active TB from persons who are latently infected with MTB,
Unfortunately, no new drugs except rifabutin and rifapentine

has been marketed for TB in the US and other countries dur-
ing the 40 years after release of rifampicin.

There are a number of constraints that have deterred com-
panies from investing in new anti-TB drugs. The research
is expensive, slow and difficult, and requires specialized
facilities for handling MTB. There are few animal models that
closely mimic the human TB disease. Development time of
any anti-TB drug will be long. In fact, clinical trials will
require the minimum six-month therapy, with a follow-up
period of one year or more. In addition, it is hard to demon-
strate obvious benefit of a new anti-TB agents over pre-exist-
ing drugs, since clinical trials involve multidrug combination
therapy using highly effective ordinary anti-TB drugs. Finaly,
there is the 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 developing countries.

In this symposium, we reviewed the following areas.

1. Critical new information on the entire genome of MTB
recently obtained and increasing knowledge of various myco-
bacterial virulence genes are greatly promoting the identifica-
tion of genes that code for new drug targets. In this context,
Dr. Namba reviewed the status of new types of compounds
which are being developed as anti-TB drug. He also discussed
the development of new antimycobacterial drugs according
to new and potential pharmacological targets and the best
clinical development plans for new-TB drugs in relation to
corporate strategy.

2. Using such findings for mycobacterial genomes, bio-
informatics/genomics/proteomics-based drug design and drug
development using quantitative structure-activity relationships
may be possible in the near future. In this context, Dr. Suwa
and Dr. Suzuki reviewed the usefulness of chemical genomics
in searching novel drug targets for development of new anti-
tuberculous drugs. The authors reviewed (1) the history and
present status of chemical genomics that is defined as the
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systemic search for a selective small molecular modulator for
each function of all gene products, (2) recent studies of the
authors on profiles of the interactions between various kinds
of human proteins and small molecule modulators using the
new technology devised by Reverse Proteomics Research
Institute, and (3) future prospects of the development of new
antituberculous drugs based on chemical genomics.

3. It appears also promising to develop new types of drug
administration systems using drug vehicles, which enable
efficacious drug delivery to their target in vivo. Dr. Izumikawa,
Dr. Ohno and Dr. Kohno reviewed the usefulness of liposome-
and polymer-based technologies, which enable efficacious
delivery of encapsulated drugs at required doses for prolonged
periods of time with only a single shot without toxicity, and
also enable highly targeted delivery of drugs to their target in
vivo. They indicated that the applications of drug delivery
system using conventional anti-mycobacterial agents are
challenging to improve the compliance of treatment and better
clinical outcome.

4. Immunoadjunctive therapy appears to be promising in
improving outcome of clinical control of refractory myco-
bacterial infections, including MDR-TB and M.avium
complex infection. Dr. Shimizu, Dr. Sato and Dr. Tomioka
reviewed the present status of immunotherapy of myco-
bacterial infections in combination with antimycobacterial
drugs. They indicated that the development of new classes of
immunomodulators other than cytokines (IL-2, IFN-y, GM-
CSF, IL-12, etc.) particularly those with no severe side-effects,
are urgently needed. Their review dealed with some promising
immunoadjunctive agents, especially ATP and its analogues,
which potentiate macrophage antimycobacterial activity via
purinergic P2 receptors.

The aim of this symposium is to address the future prospects
of the development of new drugs and drug regimens for
anti-TB chemotherapy. There are a number of difficulties in
drug-design for the development of new drug formulations
with increased potential for antimycobacterial effects, excellent
pharmacokinetics, and tolerability. It should be emphasized
that the most urgent goal of chemotherapy of TB and MAC
infections, especially that associated with HIV infection, is
to develop highly active, low-cost drugs which can be used
not only in industrialized countries but also in developing
countries, since the incidences of AIDS-associated intractable
TB and MAC infections are rapidly increasing in the latter.
We strongly wish a great advance of fundametal and practical
studies in developing such kinds of new anti-TB drugs in the
near future.

1. Prospects for non-clinical or clinical development of new
antituberculous drugs in relation to corporate strategy : Kenji
NAMBA (New Product Research Laboratories I, Daiichi
Pharmaceutical Co., Ltd.)

Tuberculosis (TB) remains one of the deadliest threats to
public health. No new anti-TB drugs have been brought into
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the clinic in the past 40 years. Current non-clinical works with
progressed technology and Global Alliance for TB Drug
Development, a non-profit organization established in 2000,
accelerate research and development of faster-acting anti-
TB compounds. We reviewed the status of new types of
compounds which are being developed as anti-TB drug, such
as diarylquinoline (TMC 207), nitroimidazole (PA-824 &
OPC-67683), and moxifloxacin (MFLX). We also discussed
the best clinical development plans for new-TB drugs in
relation to corporate strategy.

2. Exploring novel drug targets through the chemical geno-
mics approach and its possible application to the development
of anti-tuberculosis drugs: Yorimasa SUWA (Reverse Proteo-
mics Research Institute Co., Ltd.), Yohji SUZUKI (Teijin
Ltd.)

Recently, chemical genomics approach has been focused as
an emerging technology for the drug discovery. In advance to
a very large scale national project in US started last year,
Reverse Proteomics Research Institute Co., Ltd. (REPRORI)
has developed the core technologies for chemical genomics.
Here we describe the outline of chemical genomics study,
especially that of REPRORI, and discuss about its possible
application to the development of anti-tuberculosis drugs.

3. Anti-mycobacterial agents and drug delivery : Koichi
IZUMIKAWA, Hideaki OHNO, Shigeru KOHNO (Second
Department of Internal Medicine, Nagasaki University School
of Medicine)

Mycobacterium infection is a major clinical concern in
whole world. Since the newly developed anti-mycobacterial
agents are few and still unavailable in clinical settings, the
applications of drug delivery system using conventional
anti-mycobacterial agents are challenging to improve the
compliance of treatment and better efficacy. The efficacy of
anti-mycobacterial agents modified by liposome or polymer
based technology have been investigated and reported using
various animal models. Drug delivery system increased and
prolonged the drug concentrations at the blood and targeted
organs and the duration of sustained drug release, respectively.
These effects lead to decrease in the frequency of drug
administrations dramatically and better efficacy rates. The
studies, however, were performed only in animal models, the
further investigations and evaluations in human are required
for practical use.

4. Adjunctive immunotherapy of mycobacterial infections:
Toshiaki SHIMIZU, Katsumasa SATO, Haruaki TOMIOKA
(Department of Microbiology and Immunology, Shimane
University School of Medicine)

There is an urgent need to develop new antimicrobials and
protocols for the administration of drugs that are potently
efficacious against intractable mycobacterial infections.
Unfortunately, development of the new drugs for solving this
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problem is not progressing. One promising strategy is to
devise regimens to treat infected patients with ordinary
antimycobacterial agents in combination with appropriate
immunomodulators such as immunomodulating cytokines,
inhibitors of immunosuppressive cytokines and new classes
of immunomodulators other than cytokines. Therefore, it is
important and urgently necessary to synthesize or screen out
new low-cost and safe drugs with mild immunopotentiating
activity which do not induce immunosuppressing cytokines
during administration for long periods of time.
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