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DT, R < S AT & OB A R AL
TIRRIC X 2 REBEAS 7T WA A T2, 0% < (8#) 1F
ancient type T& ), Bl, Bb5 7% & O E DB TR % v
TIIL AT PERAL T O /3 M BEAF ISRV E W) BRTIE R v
A%, 2007~2009 4E DI T, W IEABRL R B G
BEETOLAMERIIBOBD 06% B L U51% &)
LRLVTHY, ZOHBESHEICR->T0EY 512, Bk
Y45 T2 C D Mycobacterium avium complex (MAC) 4 & Vo
7o IEAEREPEDURE I (NTM) 12 X %8R TEPIRENE D £ 72 R
LFoORERMETH LY, ZNSIEAMMERBOHER, S 512
FROH LY A TORIMLAHREL VX YO 55w
1 AIDS 7 £ & 2 fid ERIZRE O T IR K $ 2 BB VEPIR
HEDBEINIITLT 2 720121, BMFEO DO LY iSiho
RAMPED 22 i L IR BEDORFEEH & S 2 5. BUE, #r
LW A 7O 2 N— R LT, PREIEGRO729
OFBILHIEOFBU LS HED 5N T WD b DD, rifam-
picin DEBLIE, #H1) 7 7~ 4 ¥ ¥, delamanid, bedaqui-
line, pretomanid 7z D%, ¥/ v P~ ru T A P
OPBRIENOBHA DAL, e vo o HE Rk -
MAC EAEGHRE OB 2 WA FICHOF#EZ B Tw

57, 29 L2BURTIE, B THI LELPERICL S
BRI R S OHIBIA % W CHi R &8 % X 9 7% strat-
egy DITH)N X VBERD D S X HIBbNSNFIC, BAD
PURW IS X BB 5 05 9Z 5 i %l (host-directed
therapeutic : HDT) ##fH L C, faEOPEERE 20§ 5 600
REZMIRS 270, H2WVITHMREEICHODL X ) kBl
DG UG R S BUG % M9~ 2 & &2 X ) HUSE DTG H A
REFDO L) LT H0EMIBREVSFLL SN TS, K
Tl mE~ru7 7 —YOKIEE BT A L S5 HDT
2 U S RIE R B O Bl O BRI D W TR L 72\

& AT, HDT I3 PRI EGE L LT, DIERGLHE O 5
PESBNZ b B ERNT-OMHE, @PUEER I T 2E 30
AR RBERE DO TUAE, OPUMRAAE O AL 12 BIAR L 7= i 4
DISEOPIH], OPIEEREY X > TR SN D HEOGE
HIHIREEORE L Wo 7z 2 H = X A THEBIEERIET 2D
DEEZHNLT, LEAOEOBETE I, » 4O HDT
21, fEE ORI 2R 2 BN L Z oSBT
KL 7z A = M B 2 RFEZ B3 2 X 9 B m S
T2, Zh s HDT 12, &HF F—BIREOHIIEA
VT FIEERIIE T % B @ (imatinib, gefitinib), cAMP
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LD Y 7 F MEFERIHEH T 5 B @ (cilostazol, pentoxifyl-
line, sildenafil), =4 I¥ ./ A NKIFD > 7 F MEERITHE
i3 % & ? (aspirin, zileuton, prostaglandin E,, ibuprofen),
F— b7 7 V- ICHE LY S FMEERIHENT 2L 0
(rapamycin, metformin, gefitinib, fluoxetine, valproic
acid), B X ONEEAHRI/EMNT % B O (mepenzolate, thi-
azolidinedione, statin) 7z EASHIS T 5", BAE, Table
LWZYAMT v 7 L72E9 % HDT BHFE SO0 H 525, »
TNBRMEOAZ ZHN, MRHBERE O~ 707 77—,
NK #lig, Thl MOWEELIEH, 5 wid<vru7 7 -0
FREIIRIES A A A4 VEEROMEREREEZHFLTW
70 Zppcd, MR vitamin D, JEA T O A MEHUAE
F(NSAID), +— 7 7 ¥V —iFEH], o-galactosylceramide,
ATP, ¥ 2 Y, imidazoquinoline S28463 7z & HSHLikiyA
PLilbhs (Table 1), PITF, JFICHEIREWV HDT 12DV T
RIEDFIL % X = ZZHI T o
I EME vitamin D;

la,25-dihidroxyvitamin D; (3% vitamin Ds) (&, &
Fxrsu7 Y OEERILERS T (RND 2
cathelicidin 72 K OPLH R T F F O REAERE % W03 5 1
MR, A=+ 77V—FEEEALTBY, HUMRRIES
KT BB AT MMCEEREHEZHE LTS, FE
BXIZ, vitamin D O R Z A B A R0 18 10 1 R A% i g
HEDTEER) A 7775 —ThrAY, WKEWT &
2, Toll #=% & (TLR) A3 A8EMALY 7 F i,
~Z7 077 —3® vitamin D Z&K (VDR) OFEH % 4
WEELHI LKLY, v 217 7= O cathelicidin FE
EOWIRE 70T 2 EAREIN TS Y, ZORE,
TLR & VDR %49 23 HAL & 7 F v i3t AR % 36
U, cathelicidin D53 % 55355 5 285, #hab oA+ — b
77 V=L TREEINEF— 77TV —LNT
1, cathelicidin & #5HW & AR X CHET 5 2 L1
ko TNHDOHIR L OB T VDR EIZFDH 5D
%R (FolkI FF #AR TR Tagl Tt = 7E 7 &) 134G
BB T2 BEORIREEEEA L TWA Z L2 5
NTWaY, 2B, IHHA vitamin D; & H W 72 k5 8% 02 4l
Bh#¢:1% L-arginine & OO TRII 283 2 L5
NTW5b, {EUHA vitamin Ds & L-arginine O P, 1d
FExru 77— VOPRGEE N L, GEAK RS
DIERGGE IR R TH D, FHIHER 2 &0 THiS
ALEFRE O PR O MiH A RE & %2 59 LA L%
B OB DRRRIIZE T, MBI 4 AR vitamin
D; & L-arginine OB F 5% O B R R) F 125 8 1 70 iR
bEINTWDEY,

II. NSAID

Diclofenac sodium, ibuprofen X° aspirin 7 & ® NSAID
3, FERERIEG~ 7 A & 7 WF 28 TGS AL T O
HOBREIREL, HEREORE SREZWI IS
ZERHESIN TV BEEY, Z o NSAID @ FE )1,

NSAID 2SR H 3 2 B0, fFicgE~2r 0
77 =Y OB WEME O S B HE @<
prostaglandin E, (PGE,) ®4:& % FHET iM% H >
CEIGERLTWSY, Mz T, PGElZ~7u 77—
REPRMNE O IL-12 @A 2 %L, O TUd Thl filao
IFN-y FEAEBEZ $PHI L, 612 Th2 AlIC X 2 See i+
A M AVILARILI0 DREAEZERT 5 2 &AL
NTWw5b, X562 NSAID OFERIIHT T 5 HERRIE,
NSAID 78 prostaglandin H. % prostacyclin 7 & @ 5& JJ
BRREEAT 4 T —F —DAEEKICH  COX-1%
COX2{EMEZHET S Z EICHBRLTWAY, b,
diclofenac sodium 1, MACJ& g~ a7 v -3 ®
MAC KT W N 235 2 Lidh vy, 71
77— ® TNF-o AR Z 35 L, IL-10 REAERE IS
P2 2 EME SN TWEY, L LadS, MAC
&Y< 7 2~ diclofenac sodium 512 & - C, rifa-
mycin OEFEREDFFICH R I N L EHITIEFED SN T
WiV, WTRIZLTY, PURREERHED7z2O O HDT
ELTHBRDELICFHELWRE PRz b,
m. #—r772—F8E

F— 87 7 V=3 E E ORI 5 IS HARE
FTOBYBE Y A7 2B CTEHELRZHZEH LTV
A28 ZOHEMELTE, A=+ T77 YV —=»H~vru
77 —=YD7 7 IV =LA HMBENICZ Ay —7 L
WEHOPERICAEITH A LBEZOLNL, F— |
7 7 ¥ —13 TLR ®° NOD 7 & @ pattern recognition re-
ceptor (PRR) O Tt OMINLN > 7 F WMZE R Ol % %
1T T3 A, FERBRIZ, pathogenicity-associated molecular
patterns (PAMPs) ##ikL7-~27 a7 7 —IJIZBWT
I¥, TLR/MyD88 % 4§ A MlalN ¥ 7 WAz ERE K O
HALIC L o> TH— b 7 7 ¥ —ICHB L AW OB -
PEBRStdE S b, 2T o4, TLR/MyD83 % TLR/
TRIF ZOWEHALICE D, TS OEAEERND bectin 1
(Atgh) DYV 7 V— FHLHEEINZ I EITE DA — T
Ty I=HFEEN, FOMKRLELT, AT 7T —
WX BHBHOBRRAPEH SN DEEZEZ bR TW
U B, A= 77 V—ICHEB LA - MY VY — A4
INTOMERE OBREICIE, TV FF ¥ ONKGIEEY T
HBHWH PP TF FE LTEHVWTWwAS L v #iEd
H 5o M), Thl, Th2 %A b A A VIZXBHHD SN
TWC, AiEEF— b7 7 V=1 LTI, %HE
I ICE TV B2 Bl 21X, Th1 94 b A A4 v Th
% IFN-y iZ AKT (protein kinase B) 3k & ££ & 7> o
STAT6 KA — b7 7 V—%FEL, #BELLT
= 77TV —LHNTOMBEOEREIE 57, Z
IR LT, Th2H A b A4 THAHIL4RILIS I
AKT RGNS =+ 7 7 V—DFE2HET LI LI
X0, A= 177 VKA OREIZ RN & T 5.
9 LM RIC B LT, rapamycin, vadimezan % ge-
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Table 1.

Promising HDTs expected to be useful in adjunctive immunotherapy for mycobacterial diseases

1. Vitamin Ds/Calcitriol

(1) Induction of maturation and activation of host macrophages

(i) Up-regulation of RNI production and antimicrobial peptides

(ii) Down-regulation of TGF-f production

(2) Induction of autophagy in host macrophages via cathelicidin

(3) Essential for anti-TB immunity

(4) Association between vitamin D receptor gene polymorphism with:

(i) host susceptibility to MTB infection
(ii) host response to anti-TB therapy

References: Lui, 2006; Martineau, 2007; Gao, 2010; Martineau, 2011; Fabri, 2012;
Coussens, 2012, 2015; Schoén, 2013; Selvaraj, 2015

2. NSAIDs (diclofenac sodium, ibuprofen, aspirin)

(1) Reduction of TNF-a generation by macrophages

(2) Suppression of biosynthesis of PGE2 by macrophages

(3) Therapeutic activity against murine TB

(4) Potentiation of the therapeutic efficacy of rifamycin against MAC infection in mice
References: Sano, 1999; Dutta, 2007; Byrne, 2007; Ivanyi 2013; Vilaplana, 2013
3. Autophagy inducers (rapamycin, metformin, gefitinib, fluoxetine, valproic acid)

(1) Potentiation of the elimination of intramacrophage MTB dependent on

IFN-y receptor-, TLR- and P2X7 receptor-mediated autophagy in host macrophages
References: Gutierrez, 2004; Alonso, 2007; Harris, 2007; Biswas, 2008; Delgado, 2008;
Deretic, 2009; Yuk, 2009; Ghadimi, 2010; Ni Cheallaigh, 2011; Hawn, 2015;

Tobin, 2015; Wallis, 2015
4. a-Galactosylceramide
(1) Activation of CD1d-restricted NKT cells

(2) Potentiation of macrophage antimicrobial activity against MTB

(3) Potentiation of host anti-MTB resistance

References: Kawato, 1997; Burdin, 1999; Carnaud, 1999; Kitamura, 1999; Chackerian, 2002;
Gansert, 2003; Sada-Ovalle, 2010; Arora, 2013

5.ATP

(1) Potentiation of macrophage activity against mycobacterial organisms via P2X7 or P2Y»

(2) Up-regulation of cPLA»-dependent antimicrobial function of host macrophages
(3) Potentiation of therapeutic effects of clarithromycin/rifamycin against MAC infection

(4) Expression of direct antimicrobial activity against bacteria through deprivation of ferric ions
References: Lammas 1997; Fairbairn, 2001; Kusner, 2001; Stober, 2001; Tomioka, 2005;

Placido, 2006; Hanley, 2012; Tatano, 2015

6. Picolinic acid

(1) Potentiation of anti-MAC activity of host macrophages

(2) Strong bactericidal activity against persistent-type MTB
References: Pais, 2000; Cai, 2006; Shimizu, 2006; Tomioka, 2007; Pavan, 2013

7. Imidazoquinolines (528463/R-848, $-27609)

(1) Enhancement of macrophage production of RNIs and inflammatory cytokines

(2) Potentiation of host resistance to BCG infection in mice

References: Testerman, 1995; Moisan, 2001

TB: tuberculosis; MTB: Mycobacterium tuberculosis; cPLA2: cytosolic phospholipase A»

fitinib 2 &% — b 7 7 ¥ —iFHEANIEEEEZ OPIREAL
R OFERN F HITR X 57200 HDT & L THEH X
NTWna™,
IV. o-Galactosylceramide

MR A0 NKT Mg, s oS h 25
8% Td 5 a-galactosylceramide (oGalCer) % CD1d
’Eﬂ’\L’Céuﬁ%ﬂ‘i L3 5™, EBIZ aGalCer X,

W25 L7234, CD1d #tE o NKT #ifd o % hE

’i*ﬁL’C HAR G L A RIE DT HE DRIES AT LD
up-regulation Z #RL AP IZFHE T L Z LARE I LTV
%o Bl 21X, aGalCer ¥ 5 RI LA, NKT ML O
AL Z A L7202 T NK M B2 > & @ IFN-y B 42 253 5 S

N5, %72, aGalCer 12 & A NKT Mifgoifit brs~ 2 o
77— VRO IAET CREZ 5 &, NKT Ml
HRPHIHMEIRE AR L, E oM ERE MR L,
& 512 Thl %% ® up-regulation (2444 % IFN-y O
FEAREDHE L CTLHET 5o EBRIZ, oGalCer #512& 1
TBES T AOBRE IR T MBS T 5 2 &R
ENTHBY, TG OMFEINE], ARk }iTE\
WY, A L A EROK T 2RO LN TWBEY, 2
aGalCer #2512 & % BEGIRBUME DBRF) R 12D\ Tl i
aGalCer |2 & o THEMEAL S 7z NKT MR NI~
ra 77— OPEINGYE% upregulate 35 A H = X
A, B 5\ IE NK MRS 5 — T fifg oMl & 508 o
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I7 x27 % —Td 5 granulysin ® NKT g o p 4= fE
2% aGalCer |2 & o T up-regulate SN b & W) XA =
ALDEZLNT WD, LAMLEND, WRIEOFHIK
e A% V7228 Tld, aGalCer & isoniazid @
FGHERHS Thl MilaEsE O R m 2 A L2 TR 5
NBEMHEEINTEY, aGalCer 2 X AEMHE AT S
TE EIRPUE oML, NKT #ito &% 59 Thl fifao
BRETEAZ N T D L) THBY, COTLITHELT,
isoniazid |2 & D KB W PR ICHF I 7 CD4™ T Mz IS
TRMN—=VANFEINLZLIZE ST, BEOHER
JEGARPTEDTIRET L, OV TS C & 2 FEgehs)
FEah b Lw) Tousif 5 OWHEATEH S N5 203,
oGalCer 7% isoniazid ® Z @ X 9 72 SayEHIHIE 120 L
THIMWICE S TREDEZEZONS, WTIIZLTDH,
aGalCer PR HEIEDEED 20D HDT & L THET
HY, GHROMIEIHRE L2V,
V. ATP & ZDFEE

Adenosine 5-triphosphate (ATP) B & " Z O F 841
P2L 7y —2 AL CIMENEMRBRLEDEESER
HMICER 52 26N TS, ATP X P2X, %
P2Y ZEDOP2 LTy —%ALTIIBT 7 =IO
BWIIH T 2R ML MBI, 2 ErAHEIhTwn
50, ATP % Z\F /-~ a 77— TiE, HIEHIC
JRBAES % R W R BCG (RA% I #E D PR W Mycobacte-
rium bovis DFGRAR) PRI SN TV S, 20
B4E, WATPIZ L - TP2X, Lt 7% —RAGEMEIC M
& 1L % phospholipase D ® 1% 4 1L 12 # &) L 72
phagosome-lysosome A&, @P2X; Lt 7% —%A4$ %
VIFNICEoTHEEENDEY /BT 77—V DT KR —
VR, @P2X; L7y — R E S LD cytosolic
phospholipase A, DAL E PLBER A D AATE T 7 T
V=D 7 )V— FMIEF LTS EDOMETDH
BT LIRIBEN R A S = A LDz, ATP
BFe A+ DFL—F =L LTHE, HEWP MAC
% EOPBRE OB A ERNICHEL TWwb L v A7
ZAADR—HEARL TSI L 2RI I SN T
WY, fgalt, ATP AT IEGC X 2 MUlie (23 L CBh
HRRE T A28, 2O ICZOEHIE P2X, L e 7
=T ALY 707 7 — Y OPREIETEOR R
DD THD I ENHESNTEY, Do
5% 2T, ATP IZPUERWAE 233 2 P ORI R D
Wiz 5 9 2T, FLLREHTHL LHIBDbNS,
ATP G MAEIERIEHE 24 L, Rtk S o Mg B o
EZHWONTWEAS, FRCHEE 25 X9 2REITERIZ
%, TR TH B O THIBIE®RD HDT & L
THELEZ LN,

VL. E3Y B

FN)T N7 7 Y OGRENTHLE ) VERIE, Zn*

R Fe* % EO&E/A F+ 125 LT chelating i 4 # A

L, BEDS O Zn* OWIR 28 E S 5 FEBIEH M SN
THBY, Y VBr7unidf v A Y OBk ED5
BENHEEIHPORKFOTFEHIEL LT, 26I2R
BAHRCH SRR - 2L 250 — iz IEFLT
BYERDH 5 & 2 A HLEIRMALR S IMTE D FREE L L
THwHENTWwS, €3 VEIE, MACES~ 7 o
77— VIMEHEERE TRV AEFEL, Zhi
HE) LT~ 2707 7 — YWNRAE MAC OBFHITH] A A 5
NHEZEDMBENTWDEY, F/2, ¥ay YBiZid~ s o
77— VWNJRE MAC 233 5 F 7 1 v OBRIGTE % i
LT AEHBED LN T WD, BEENZ L2, ¥aY
YEEO= 7 v 77— Y OP MAC BB o 3R AE
X, v a7y — I OiEERRES THE, RNI, LT T
F defensin DA JLHEEZ AN L 72D O TIE WY, Mz
T, ¥a) YBICE Fe A A voFL—4—L LTOIF
HdHY, MACHOKIHICLE R Fe 4 4+ v 28 L
Vo Z2WICKTT A EEN RPN S, ¥ay YRIC K
A7 077 — YOI IR T PR EED up-
regulation IZBR L TWAB L5 TH D7, bARAIZ, ru-
thenium (II) phosphine/diimine/¥' 2 Y2 > 7L v
7 ADFEHN AN IR WPIREH 2 7R3 2 & A3
ENTWEY, ¥a) Vigld, HEPIEFITEV ) 2 IR
filicd D, MACIEDLFH LD 72D DRIERMBF & L
TOAREPFEIND LA TH S,
VII. Imidazoquinoline $28463 (resiquimod, R-848)

S28463 1, ¥ A VARG, PUEEEE, TP Ny
M&EME % A3 % imidazoquinoline SZ##HITH % A%, imi-
dazoquinoline & Z®FEEAKIZIL, in vivo TOIfLH IFN-
o/B DFLRE, TL-1, L6, 1L-8, TNF-o S0 LN
L, BRI O - 4 A A4 U RBoFELER, B AR
DIEE - PURELEDFER L ERMONTnEY, &5
12, S28463 121k~ a7 7 — 3 @ RNI 4 e % up-
regulate T 21523 H Y, O TId Nrampl #I5 T 538
A4: 7 (Bcg” genotype) TdH %< 7 AD BCG IEHIxT 5%
EERGIEE 2 R S Bl E2RTEZAND, 2
O T PUR TR GHE |3 B AL L O SRz B Al &
LTHYETH AV, BERE W & 12, S28463 1% TLR7
RTLREDY F Y FELToOEEEALTBY, TLR7/
I TV Y TEMNLIBIEICL 2T LIVF— i B0
SHEPHIER 2, BUmEIER ST 2580 57 »
FOMHENZ2AT 52 LM ENTHAEY,

VII. & b ) (Z

Db, #58%R° MAC AE DPUR B OEHR R &
T 570OREMMEE L Z07200 HDT 1DV T,
FRICHEE R DbN DD OER PSR L TE 245, Pk
HIEAE DRI D - T, 9 L REmBIF ofks
RN EIIC R R DEEZONDLDT, 5L
ZMCTEWER DLW ODLEFE L, I 512, £
BEETSGETY, BEI IO T 7 — T ORIEHH]
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New antimycobacterial drugs are urgently required to cope with the high incidence of tuberculosis (TB)
in developing countries, the resurgence of TB in industrialized countries, the increase in drug-resistant TB,
and the global increase in the prevalence of Mycobacterium avium complex infections in immunocompromised
hosts. However, the development of such antimicrobial chemotherapeutics is currently making very slow
progress, even with the use of a bioinformatics-based methodology for drug design. Therefore, devising im-
proved administration protocols for clinical treatment against refractory mycobacteriosis using existing che-
motherapeutic agents appears to be more practical than awaiting the development of novel antimycobacte-
rial drugs. Host-directed therapeutics (HDTs) are expected to increase the efficacy of antimycobacterial
regimens against mycobacteriosis. Particularly, the up-regulation of host immunity relating to macrophage
antimicrobial functions may be beneficial to immunoadjunctive therapy. This review will deal with the cur-
rent status regarding the development of promising HDTs that are expected to be useful for the clinical
management of mycobacterial infections.



