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TMW@%%%@%%%@%@%U@V¥&&
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BIER X $8taE BCGHEARERE TEY LR RERE
e///ﬁ\\\$ B3\
BUHEERERE
Yes No
BEICEEERREOHE
HB0iE
Kiﬁﬂ] tﬁ*ﬁ%ﬁ@ﬁb A QFT TST
Yes No Bt Bt e B Yes No
L ! | J
| BEREEEBLEORE |
HAE 4 BREBICTNF-ofEE R 55
7720, ARCAERRBTIZCLHERTEZE
WRMF A VZT7 IR o9~1208, H30E
AV=TFIF+UTPEY3HA

2 BEMEEVEBEORES L UERE Y & ) 5IHEE)

DEEDH L. TSTHEE, BICRIoOBNER
BB DHEIT) 2 7 B2 &, TSTHRK
EOWRBIIESEEEORIE) A7 2B 8%
BTERETHBHOD LT, QFTT
I NCILET B T 7 AR,

WE, BEY T TR u—UER ERER
BOEEIER SN A TNF-ofl E 381
RHERED & NREEREEIC L) BEEER
DRIEV A7 FHHTEIEFRESATY
3w~ CDClE, TNF-ofBES#AaiciEdait
ERHREORFELHERL, BEFDIIIREE
BICHERbLERE(I V=T VR, 777 V€
TV DORATEHERR L TV A, A X &
7, BCGEEREL H NIZQFT, 27 EQFT
ETST, B L UHMERELE - BEBOREREL
VETHH, MEBEDSRE, HHKIGERE4
BREBEPOTINFoaHEELFEHTH 2 &R
EhTws(HE2). INFaflERERAZESITT
%<, HIVEGE, BMEE, BIREALE, 8
BREEATOA FEERE S RENHRECH
D, EEMEHORE) A0S, BEDS
NATEEEREEBREP S ORNAMERIZE 5.
—F, REINFHIREICH 5RETIE, QFTRE
P SN, BEEBRELTWCOEEE T
HEART &R BAREENH S, LI L, TSTE

D b QFTOAPINEDIHFHBENIEL, BVE
EFERINTWwED, HHREREIMKET
LTWATEEEEZ SEICBE2I0, QFTERE
T_ETH5.

IR R RIEDRE

1. RSN BROER

e MBS (nontuberculous mycobacteria ;
NTM, FrEBIHnEL A . atypical mycobacteria, my-
cobacteria other than tubercuosis ; MOTT, poten-
tially pathogenic environmental mycobacteria ;
PPEM) | 5ERE L 5 WEH RV HEE TH 5.
SEEETIEE IIRERCH Y, K, LECEHY
WWEEIICHFEY 5. £ D5E, BEEIIL
THREEEZRT Z e3P, I, v b—t b
B {, BREEEONENTH D BERAE
Thb., LrLiehdb, FErEUTBERE
DFI10~20% % FERAZ P E BRGAEAS 5 o (HE
5 1100~2007 A, HA :2,500~5000A/4),
I PR R IYE X A AR 2 &0 A 1B
LTwW5a, £, KETIHIEHSZIEIEEERYE
BEBIIBHEBERZEREL TV,

SERAZIEES I & A IREORRE & L,
Mycobacterium avium complex (M. avium & M.
intracellulareiT B FEMICE LD TEP L T3
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5 FRUFRNENBRREBIEDIFR

R HE EERE RBREE EE AEERSH
M. avium complex A (70%) 37C K, 18, B#E [
M. kansasii #8(20%) 37T 7k, T BREH
M. marinum e 30T K, i BRE

M. ulcerans(Burulit®¥g) B|(7 794, #k7=7)

30T  AEREE, BHER? Wi

K6 FREENBRBRLE L FRE

A FELRREE
ir3a3nd M. avium, M. intracellulare, M. kansasii, M. abscessus, M. xenopi
U UREiR M. avium, M. intracellulare, M. scrofulaceum
BREEYSE M. marinum, M. fortuitum, M. chelonae, M. abscessus, M. ulcerans

TEEMRESE M. avium, M. intracellulare, M. kansasii, M. chelonae, M. abscessus, M. haemophilum

#®7 MMACEIMEDRBEIEE CREBREEYS - BREFSR, 2007)

DR R (O+@)

OISR (BT, HAIE X iR TR 5 VIZZERRE, H50
BRRRECTIC & 5 ZRM/MEH 20 ) SRR E IR

ORI

2)BEMFHH R (O~@nv§ha)

OERBOEFMRAET 2 B EOBERE

QREXHER T 1 B EoEEBH

ORFELNRET 5V EHMMER TRIFIERE, &5\ IAHERERLE,

HDHiE 1 EM EosERH

7=®, —¥5 L CMycobacterium avium complex ;
MAC & F9)H570~80%, M. kansasiih 20% % &5
H5F5). V) v EFIMACRM. scrofulaceum,
R BRYRTE WX M. marinum (B FE A 3EEfish tank
granulomas), M. fortuitum, M. chelonae, M.
abscessus° M. ulcerans (Burdliif ), EEDHRE
TEDEE, BRERIEIIMAC, M. kansasii,
M. chelonae, M. abscessus?°M. haemophilum7z &
BE (3R 6).

IR ERMEOFRERE LT, #
77 L7-AIDS GRASILCDARSYE T SR8 =<100/uL)
 ERERE, MEARE(GEIGRE, i
Ko, EERTCBIBMRR &) PTNF-afl SR
MONTWBDS, ThoDIRIEE R L 7Z5ES]
yLITLITRD 5D, MACIEE K DS
LR RT I ED% L, B AES IR
U4 FRAREE(Z 7)) Au<f o7y
204 T )R NT WSS, RIS
Thb. 1B, M kansesiiiiBE OFEZLEIC
BEEERT I LB,

(SCHk® & 1 5IREE)

2. IR REDZE

R TR B R E OB U I R E R EREE A
& - BEFAROTHIEAE(2007)12 859, £
DEFELT, DERFTRE U TOFREEIR
(MR b Y, BB X M CEEid 5
W ZEARENRO NS, HEVIEEREE
CTIZ X 5 ERMWINEET %18 LEMREIE
FERDHHNE, BLUODMEEI BN SN DS
HailzL, 2MEYFHNITR L LTOEEKD
WA T 2 BILL EOREERYE, QREXERE
T 1 U EoEERE, OBKEINHRET
HDVIZERERTRFRERE, 5idh
BRI, 5k 1 E EOREREO WS
NPDOEMEEHI-TIerEEELE(E 7).
LA L, HREMEDFTREZIRT 2720, #H
BB R ED I DBRETLIEDD,
BHEPOEELBMFESZINT NS,
MACHE 1M EERE < 7 F VIRHE (GPL) i35
FEH1.2kDaD3MBEBRMACIIHFEL, »,
FEHFETHS. ERFEHTHLMACE L UM
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scrofulaceum P BEEEEE TH D M. chelonaeB &
U'M. fortuitum'IGPLERE T 545, HIZHEE
(BCGEEL)IRAE L., I THGPLIgAH
PRREIC & 2 MACERYSE DRGEMESETE (FrE
BRI 3 ERE) AR S M0 RS EMACHS:
FEQMEZ WL, SHRERXFRMEOERL
LT, BEEEGHEMACERE DMIESITRER
KEMERREFS - BRYSEERDBRELYE (2007)
WCHERL, 84.3%, FFEEIZII00%TH Y, BEHE
Bt (K8 Mia e s =) MACERE
DEREILT3.6%, FFEEIZ65% TH o7, MAC-
GPLPUR % A\ 7= IS HLAAR I L 5B EMACRS
BREOERENTRERAEDEE LTEHEH
Thbi-0, BEFHHED» LMACGPLER ¥ v
M DEN W EERELETGEEEE S, 2011
4 8 A22H IR, BRRICHPRBENT
WA (F ¥ ¥ 7T MACHMAELISA, ¥ v >~ X).
41%, MAC-GPLEZW* v t OWE& LT
EAH, BHEEIANSNDZENFEEINS,
W B
BEESFRLHRIIBNC, BFE, HErO
ERZZWEBZEETH Y, BEOZERIE, &
BRFRICHS T 5. BBFEOBIECmMZ, 4
%, Xpert® MTB/RIFR°MAC-GPLZ#F & v b %
&, BN R RZRANEEI R R IR
PURRBGHE ICER T 5 Z LA s h 5.
%  DPBR R ERGAE S E R RED b 0
AEEERIGER L Tw 57, B e
YofE (BRI RE LB L B EEMACES:)
DZWZET 5 “gold standard” 1372 {, FDHF
RHRBEEBOBRETH 5.

HE AR TR LER © OB RE R HER 2R
EBRWBEHEA ¥ 7 VL FEGR - BRRYERN
KEE, BEEa BEEREFLY27 ) —Hfz>
AREMMEFER (BESBHE), HEMAEBY LR
WEBOEBFEENC L hgEESh F72, HEARF
FeE O BRI IRILAREIFE SN JEEE
ER, BumEEBIRILEE feaREeiks, K
B RERFREENEFRNESY RS EEdE
CERHOBETET 5.
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REPIFR R AR B EORRL BEDEHE
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A Bz, R

2

ESLRGHERT FERT Se R

2 B

EEITE FRERET A /LA HIV) BRYYE,#%

RUEGRERSIEMRE (AIDS) | =T Y 7 Lkt
FIRBGEFETH S, HRATH20EA BADD
/3, BA:0.25 (B AN) D3EREE (Mycobacterium
tuberculosis) \ZHEEREME - EMERERCY: . 4514 880
IN (BA:2.3 5N BFEEEZERK, 140 T A (B
A :0.22 FN) MREE L., FEEITERAEERE
EE T TS (2011 4F) , BEEEROIER
BMEBERE (nontuberculous mycobacteria: NTM)
ILREERE L DVWE ARV BENECTH D, &
K% & R ERME OF 10-20%% NTM JEEYLiE
(57 : 100-200 7 A, HA : 2, 500-5, 000 A/4E)
N, NIMOWER & U T, &HEIT Mycobacterium
aviumcomplex (MAC) T&H 5, NTMBLYEIT A A%
EOMRATHEMLTWND, EBE. 7TA U IER%
E Tid NTM EE B EHUTE B E R R EE LT
W5, AT, FERESS NIM BYYE O Bh [ of it
DEFELFEE (R &iﬁh%ﬁ%@&m+ E
RIS R PUE IR MAC EYLE D Mg 2 W) |
WS D,

g O

(biosafety level : BSL-3 T‘)Eﬁi PUREIR A
SRS 1L =R R A)

FERZE (RRYSIE vE — FRGYIE) 15 (biosafety
level : BSL-3 fRJR{A, DUFERIRA, ZAIMMEREE
EIE=FREE) 250 (B&EY) 10X
DIEHET DRIETH D, D EMRYOM %
PRI LIELIETH Y, BB L L TR
LTHERPEBETHD (R, £, EBRERE
@ﬁ@fﬁ%kbf FEZE TR TH Y | BSL-3

BOAERHRWBHLETH S,

ft$*é§§%§§?§ﬁ> TRERE AW A L. FERE A
JEWNICERE L, EFICIRNR D Z & TREENRAL T
5 (BRFEHOR 0% , £z, BRYE 0K 10%237
EPERERE A RAET B 03, 7R D O 90% TIImese L
To R T IARERIKEE (dormancy) | T7heb b, &
JERBIERYSREE THE EOERNICE E£5 (BE
PERERZE R (K1) , BERRE L EE T
EAb, S slEE (GREmslgE, 27 oA RIE
LA b A R EEEEER - o FAEEK R
&) | RAEREESC HIV EYL/AIDS 72 & OfF 5 e rk
BROKTICE Y, FE, HEAHEHEL, IEEER

F 1. B5RY L FB5% (Airborne precautions)
2R (FRIREE) R PRI (<5 um) IC K VT HRGE, BELEREAELFTHI LI
LY EGT 3
2R GRIKEZ) R Z, KE, &
YRRk R BHAZ R, [REE, 1RE
SRR LR o R BEEOWL (R, BHERE, N-95vR7)
ST METE XTI FIRO T (BCG B:fE : 474 6 # HUWN., (b%T
. v B5 : BN
RRDRARER - TENES . B (-8, ) . M. B 7
i
Ehi= BSL-3
ZERRBRGE T IhH R EAER TR+ & tERE (N-95) <27
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o TETHIGRA (OFT) B
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K- BEHR O
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~> NEEBR—

BROM A, HF 1 23BANE
o RN E  ANEE (. Bl

o MRBER . 28 W k. 8
%, BEED. BEE. 2%

BELE o BERT . SEORETEE - 58

88078 A)

EEE (10%,

>ENEER {?53 80%)

1. BN & R

(8] : Nat. Rev. Microbiol. 1: 97-105, 2003)

BERET S (NEEFR) . RAOEHA, BR
B ONESEFIRIC L D IEE M 2 RIET 5 2
EMZ (K T70%) , 7, DR HEFIREE HIV
JRRYLSE /AIDS S EMHIREIE e &) Tk, AR
ot > TIHEBEREERIEL O 5,
FAGME L R TH 20 A AL DR 1/3,

HA :0.25 BEAN) DR (Mycobacterium
tuberculosis) \ZIHESE(R - ITEMERERGY. 45/ 880

BN (BAR:2.3FN) BHEEZEZRR, 140 T A (B
A :0.22 HAN) MIC L., FETER R E
B ZET TS (2011 4F) (1, 2) , #iHkic
f HuE, AN ofEF B (disease of poverty) |
RIEHRE DO FEIC L A ANROEEBEE., EHE L.,
REMESCRE 2 & BAtE0ER LTV 5
WIS YE OB BI5- L T\ 5,

HEFUCIHE L2 SR O E LT, 1) A
PEFERE (BFIZ. isoniazid & rifampicin (2[RRI
MEE R T ZAImMEREE. #9665 5 A, HA:300 A)
R0 2 ) HIV-#5EE 1 O BRI CBrif Z8 42 2838 13%,
AA:0.3%) DEZETHD (),

FERE PTG
(i% & A & OIEREZAMEGURRBI 13 BSL-2, —#B :BSL-1)
FERERZMEDTEAE (nontuberculous mycobacteria :
NTM, FEERIBIELES © atypical mycobacteria,
mycobacteria other than tuberculosis: MOTT,

potentially pathogenic environmental

mycobacteria: PPEM) IZ/EEEERE L D VWE RV
BETH D, NIMITBRER THY . K, TESH
YN EBENZIFIES 5., < DBE. @FEHE L
THRIEMEZ RS Z &by, Fio, BRYYEEOX
G THY, b b—b MEETR <, mHEOREET
RETHD, WitZEETHEERERYYE DK 10-20%
A NTMERGUEDS 8 (H5 0 100-200 5 A, AA :
2, 500-5, 000 A/4E) | ANz T, NIMBERYEIX B A%
EOMFATEML T\ 5, EE, 72U 2ERE
TIENIMEGHERE BT EE R EE LTV D

4) (F2) .,

FEFERMEIRE I L DB GEDREE & LT,
Mycobacterium avium complex (M avium & M
intracellulare IXHE FAIZHRD THEELL T3
728, MAC L#RFR) M 70-80%. M kansasii s 20%
PhEHDE, UL AEHRIIMAC R M, scrofulaceum,
KRB YTEY M marinum, M. fortuitum, M
chelonae, M. abscessus *° M. ulcerans (Buruli
) . BREMERYYEIX MAC, M kansasii, M
chelonae, M. abscessus °M. haemophilum7e &)
%POMM’%UBTWWiﬁ<\ﬁ&AB®NW
IEBSL-2 IS TV 5D,

NTM BRYWE DIF R R & LT, 1T L7 AIDS (R
R4 CD4 Bt T MiAE3R<100/ 1 1) 72 ERBERAE.
IR (R SR, MiZeha, EERTCRHIR
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PEFERE 2 ¥) | B interferon—vy H OHUERL Y1 b
B Ay (BEBEERNF-o 72 d) HEREN IO
TW3, UL, BEROEFRERZ K U7 fEF
(FELFEOLME) b LIELERD OB, MAC
1%L ObiEERICEEE R L, AR~

7 a7 A4 FHRHEFE (clarithromycin <
azithromycin) MIEEICHWSN TWAMR, B
IR CH D, B, M kansasii VEE OPiFER
HITRZHEERT Z LML,

R 2. FEREEIEHIRE (NTM) BRGUEDOBEE

AR ® FERAEE TP IRYYE DK 10-20%% 5D 5 (5 0 100-200 5 A, HA :
2, 500-5, 000 A /4E)
® WEZIREIEE (7 AU AERKE) T NMERE > i
® NTM DEFET Mycobacterium avium complex (MAC) 7SExi#E
® 1T L7z HIV BRYSE (CD4 BEME < 100/ L) BT D HFRBEYYEL LTE
:d
® b h-b MEETITEAERL, RYSEE S
i ® MACIHREETHV. K, HESEHMICEENICHFIE
® PIFERIE. [UEIR, FREME, BEEA CIEMicZ
® MAC|IPiAEMERMETH D | THEITEERE
P ® T AYNEREMTERYS - BYEF2ORWEEE (2007) I L5, B
K UERCHGATR) MEDFFTR (B3R KT 5720, MEDE
W< &b 1 ry A28 3
® uE - flifE - BRABWHIEORERFRIN TV
B DFERE %, SBRIMMERE 254 & L7z delamanid D4
rE RERRABRERIT L) BVERE LRSIV 2)
EEEOEESEETRIER BHIFTETENE (5% 8 W LAPNIC 45% S E(k)

Bl duE (100 3 LAN) | ERREE - BREE TR
¥eE & rifampicin (RIF) MMERSEZES & Rk HH 7T
REZ2EHEELE TR (Xpert MTB/RIF) 23BA%
Sh, fELRBESEE2E LRI, TOoEW
EERAYAE AR R &N (B) , Xpert MIB/RIF i
ZHITHERE R R DA 2 RE S5 2 & D3 HiFF
&hns 3,

A AZRTHRIEEZE
VT I U R OWIE - BARBIER TH Y |
W2, ZHRIMMEREEZE 2 ZER & L7z adenosine
triphosphate (ATP) & RkEZ3EFHEJE : bedaquiline
(TMC207. Johnson & Johnson) 3 oi— LERAFK
FLEHK : delamanid (OPC-67683, KIFMIK) A3k
HIhTwnag,
BT EE (BB 7 B E (trehalose
dimycolate 72 &) #EH LT3, HEEEI o—
NERARRREIEN & Uiz nitroimidazole RETHIHT
AL FIRIEE (delamanid, KEHEK) ABHRE X

Nz, BRAOREHLERE MIC) . A2MESCLEZet
WEN, B NIBT2EWAEERRD T

N ON ﬁb\ﬁﬁﬂfﬁ’]ﬁ%@ﬁi‘:ﬂﬁ Iz (6)
Delamanid [ ZRRINEE IZBEIZ AR HFES ., B A
WTH G -@ﬂﬁqu%éo FERZ DIRFHIHE (ﬁ

6 » ) OEfELLAIMMEARS R R ICEKT 5 = &
BEIF D,

RS LR R Y

H Z<3% MAC JRYSE O FTHLILIEZ BT

MAC %&Te NIM SEDZEHILT A U A RENIEH
REBFS  RYPMEFSODBIELE (2007) 1I2L5
(4) , FOESIL, 1. BERFTAELTL) HE
SRR (ZEKOVEIR) AHY. 2) EERFTR (
R X B CREEST H A VIR ENRRD b 5,
%éuq:ﬁm@ﬁn/t;—& iR (CT)
W R AERMNEE 2D ZRERE IR %
R, BLU3) EENRA S, 2. MEYD
FRFTRE LT1) BEOEERIET 2 B ED
BEEIBTE, 2) REUEER T | BLL EOEEER
. 3) BRIEXARET H 5 WX ERT
AFERIERB IO 1 BILLED NM 2B EO WS
NIDEMEERET-TZEREREL D, L,
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FEEZWNICERIR L AT R 2 k3 5726, &
HTh D Lo, HEERENCORCEL 1 s AE
545 2 &£ MAC & & Te NTM JE b TR E TR )

DB TIH HH, %< Offfi MAC SEBE 1IVERHT
B BERGE DR R ThRw W OREERTICE T i,
b b—b FRERENRZWICHID LT, RERR
B - IR ARBEREINTVWAZERDH Y, B
MOEERZEFEREEN TV,

MAC B R MM BEETF FEE
(glycopeptidolipid, GPL) 1X4F&% 1.2 kDa
DEEHIRTH D, {LZFEAINZ GPL T2 T D MAC (28
MmiER) 4k 7e GPL % & Al R 72 BEEHE /3 &
WS 5, GPLITEREBEE CTHD MACBLT M
scrofulaceum OBEFEEE T 5 M. chelonae 5
LM fortuitumld GPL Z{RET 503, FELLHEE
(BCG & ip) R° M kansasiilIFEHRAE CTH D, GPL
PURRFEME OB R D MiEHT GPL-TgA Hufkkriiz
£ % MAC BWE O M yF 2 Wik (PrEeiefl 3 iF
ﬁ)ﬂﬁ%ént(7w) IEENME MAC JEEYYE D
MmiEFZHNCBE L, SiakEkFEFROMEE L LT,

WEGREEZE PR ME MAC BBE O MIEZWTILIT 2 U W &%

Efi R BRES - BYEFS ODMERE (2007)
K%L\@§i8&%ﬂﬁifﬁlm%@)?%@,
ER R IENE MAC B3 (R XM hadeid ik s &
PE) DRCEEIT 73. 6%, FFEE L 96. 5% Tdh - 7= (10)
(X 2) o MAC-GPL HUR % A\ 7= & HLidsie 1 3dE
ik MAC JEGME O FER BB TR AR ML &
LCHHTH 5, GPL FERA TUERBERYYE, @H D
MEMERA . WA, FIEMERZK, BMEPAZEMR
RHR, raf R—r X @EE, Sbic, 2
HHEA SR U7 MAC contamination/colonization
TR TH Y m%%%ﬁmc@%ﬁ%%QMK
L, duEZRERZEIC L ERL WD, £,
PURGILIEENE > RSB MAC BRMEETH Y | &
BIEEIME L R L (7, 8) . BEABBHENL
MCWLm%”%%y%wwﬂﬁﬁﬁﬁﬁﬁﬁﬁ
g&/tﬂj5 éﬂ\ 2011 E 8 H 22 H 5:{%@1&&\ -
%ﬁﬁ@akbfﬁ%ﬁ%ﬁ%%énfmé(%
%E)?WM#W&BA&W/%) 4 MAC-GPL
MiEZWF v s OB B HEREFHE O iR
PERERTFAM A3 7  MAC-GPL My HU il A3 E BRrYR2
HEEIBMEINDZ ENLEEND,

e HiF: MACHEWMEEETFFIEHE (GPL, MW: 1.2 KDa)
‘ *ﬁtﬁ Mm;EHGPL-IgAH A
ERIEESE - EREAREE
;- T (SERIES S R R
: : ] = p<0.0001

—L—_—.—_—I R
s .—‘—g’ p<0.0001 _§~ 15 ' |
E "::.: P . 2
S L. AwbAUE: 07UmL % e 0.7 U/mL
> 157 o o oy s o 3 «
2 ““l"“:.::' %ﬁ B g@g%‘% < 40 *eo 73'62/0
TR OBERE: 100% 211 . 96.5%
S L B Kii=de 5 .
M R (k1A o o
15 by e
3 & 54—
“5 1.0 4 »e ‘!5
%osmmmwmwwmmwmww @ &
3] o0 .“.‘” : e ° w%@mmmww&mms
- 0.0 ": = e viih——-ﬂ%—m" § 0 ‘:x‘ SE YV N -

MAC-PD MAC-  Pulmonary Otherlung Heaithy
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Major T Cell Response to a Mycolyl Glycolipid Is Mediated by CD1c

Molecules in Rhesus Macaques

Daisuke Morita,*® Yuki Hattori,® Takashi Nakamura,® Tatsuhiko Igarashi,® Hideyoshi Harashima,® Masahiko Sugita®

Laboratory of Cell Requlation® and Laboratory of Primate Model,” Institute for Virus Research, Kyoto University, Kyoto, Japan; Faculty of Pharmaceutical Sciences, Hokkaido

University, Sapporo, Japan®

Human CD1b molecules contain a maze of hydrophobic pockets and a tunnel capable of accommodating the unusually long,
branched acyl chain of mycolic acids, an essential fatty acid component of the cell wall of mycobacteria. It has been accepted that
CD1b-bound mycolic acids constitute a scaffold for mycolate-containing (glyco)lipids stimulating CD1b-restricted T cells. Re-
markable homology in amino acid sequence is observed between human and monkey CD1b molecules, and indeed, monkey
CD1b molecules are able to bind glucose monomycolate (GMM), a glucosylated species of mycolic acids, and present it to specific
human T cells in vitro. Nevertheless, we found, unexpectedly, that Mycobacterium bovis bacillus Calmette-Guerin (BCG)-vacci-
nated monkeys exhibited GMM-specific T cell responses that were restricted by CD1c rather than CD1b molecules. GMM-spe-
cific, CD1c-restricted T cells were detected in the circulation of all 4 rhesus macaque monkeys tested after but not before vaccina-
tion with BCG. The circulating GMM-specific T cells were detected broadly in both CD4* and CD8™ cell populations, and upon
antigenic stimulation, a majority of the GMM-specific T cells produced both gamma interferon (IFN-v) and tumor necrosis fac-
tor alpha (TNF-at), two major host protective cytokines functioning against infection with mycobacteria. Furthermore, the
GMM-specific T cells were able to extravasate and approach the site of infection where CD1c™ cells accumulated. These observa-
tions indicate a previously inconceivable role for primate CD1c molecules in eliciting T cell responses to mycolate-containing

antigens.

;’m‘ roup 1 CD1 molecules bind a variety of lipidic antigens (Ags)
%t and present them to specific T cells. In humans, three group 1
CD1 molecules, namely, CDla, -b, and -c, exist that have evolved
mutually distinct Ag-binding grooves. Therefore, a group of mi-
crobial Ags with unique lipid tails may bind preferentially to a
particular CD1 isoform. The lipid species essential for the cell wall
architecture of mycobacteria include a family of a-alkyl-B-hy-
droxy fatty acids with an extremely long acyl chain, termed my-
colic acids, which Beckman and colleagues identified as a CD1b-
presented Ag (1). Subsequently, glucose monomycolate (GMM),
a glucosylated species of mycolic acid, was also shown to be pre-
sented by human CD1b molecules (2), and the crystal structure of
the GMM-CDI1b complex underscored that the acyl chain of
GMM fitted tightly in a maze of pockets and a tunnel elaborated in
human CD1b molecules (3). Furthermore, glycerol monomyco-
late can also be presented by human CD1b molecules, leading to
the assumption that CD1b-bound mycolic acids constitute a scaf-
fold for mycolate-containing (glyco)lipids stimulating CD1b-re-
stricted T cells (4). A potential link between GMM and glycerol
monomycolate and the active and latent phases of human tuber-
culosis, respectively, has been proposed (4, 5), and studies of im-
mune responses to these Ags in experimental animals are now
important for future advances in this field.

Mice and rats have lost all the group 1 CD1 genes, and the
reconstitution of human group 1 functions in mice by gene trans-
fer has provided significant insights (6); however, it is unclear
whether the CD1-restricted T cell response generated in trans-
genic mice faithfully represents that naturally elicited in humans.
Alternatively, animals, such as guinea pigs (7) and cows (8), that
are naturally equipped with the group 1 CD1 system have been
utilized, but the number and the expression patterns of the group
1 CD1 isoforms differ significantly from those in humans. Obvi-
ously, a fair prediction would be that nonhuman primates will

January 2013 Volume 81 Number 1

Infection and Immunity p. 311-316

serve as reliable animal models, and indeed, our previous work has
indicated that the group 1 CDI system is highly conserved be-
tween humans and rhesus macaque monkeys (9). Furthermore,
monkey CD1b molecules were capable of binding GMM and pre-
senting it to T cells expressing GMM-specific, human CD1b-re-
stricted T cell receptors (9).

To extend this work further in an in vivo system, the current
study was initially designed to monitor GMM-specific T cell re-
sponses in Mycobacterium bovis bacillus Calmette-Guerin (BCG)-
immunized monkeys. During the course of the study, we found
that a major T cell response to GMM in these animals was re-
stricted by CD1c molecules. Upon antigenic stimulation, the
GMM-specific T cells produced host protective cytokines. Fur-
thermore, GMM-specific T cells were recruited to the site of in-
fection where CD1c" cells aggregated, suggesting their role in host
defense against mycobacterial infections.

MATERIALS AND METHODS

Animals and vaccination. The rhesus macaques (Macaca mulatta) used
in this study were treated humanely in accordance with institutional reg-
ulations, and experimental protocols were approved by the Committee
for Experimental Use of Nonhuman Primates at the Institute for Virus
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FIG 1 GMM-specific T cell responses induced in BCG-immunized monkeys. (A) Four monkeys were vaccinated intradermally with BCG and GMM liposome.
In some cases, BCG was administered via an intratracheal route and the GMM liposome was injected along with the Pam3Cys-SKKKK adjuvant. At the indicated
time points, PBMCs were obtained, and the number of GMM-specific cells was determined by IFN-y ELISPOT assays. The numbers of the GMM-specific spots
per 1 X 10° PBMCs are plotted. (B and C) Preimmune PBMCs and those obtained after the third BCG immunization were incubated with either the GMM
liposome (GMM ++) or empty liposome (GMM —), followed by detection of IFN-y-producing cells in an ELISPOT assay. Statistical analysis was performed using
a one-way analysis of variance (ANOVA). Error bars show standard deviations.

Research, Kyoto University. The Tokyo 172 strain of BCG (Japan BCG
Laboratory, Tokyo, Japan) was grown in 7H9 medium and harvested at its
mid-log-phase growth as described previously (7). GMM was purified
from cultured mycobacteria and integrated into stearylated octaarginine-
containing liposomes as described previously (7). Four rhesus macaque
monkeys were vaccinated intradermally with 1 X 10® CFU of BCG and
challenged with 50 g of the GMM liposome at various intervals from 6 to
20 weeks as shown in Figure {A. The dose of BCG was determined on the
basis of our previous studies with guinea pigs (7). In some cases, BCG was
administered via an intratracheal route using a bronchoscope, and the
GMM liposome was injected along with 100 pg of Pam,Cys-SKKKK
(EMC Microcollections, Tuebingen, Germany).

IFN-y ELISPOT assays. Gamma interferon (IFN-vy) enzyme-linked
immunosorbent spot (ELISPOT) assays were performed using a human/
monkey IFN-y ELISPOT kit (Mabtech, Nacka Strand, Sweden) as de-
scribed previously (10), with slight modifications. In blocking experi-
ments, cells were preincubated with 5 pg/ml of anti-CD1a (10H3), CD1b
(b3.1), CD1c (M241), or negative control (P3) antibodies (Abs) for 20
min before Ag exposure. In some experiments, responder T cells were
purified from peripheral blood mononuclear cells (PBMCs) by negative
selection with anti-CDIc (M241), CD14 (M5E2), CD16 (3G8), CD20
(2H7), and CD56 (B159) Abs, and ELISPOT assays were performed using
the LLC-MK2 rhesus macaque kidney epithelial cell line expressing rhesus
macaque CD1a, CD1b, or CDlc () as Ag-presenting cells (APCs).

Derivation of T cell lines and T cell assays. GMM-specific T cell lines
were established independently from MM552 and MM553. Peripheral
blood mononuclear cells (PBMCs) (1.1 X 107/well) were cultured with
the GMM liposome (1 pg/ml), and antigenic stimulation was repeated
every 2 weeks in the presence of irradiated autologous PBMCs. The cul-

312 isiasmoorg

ture medium used was RPMI 1640 (Invitrogen, Carlsbad, CA) supple-
mented with 10% heat-inactivated fetal calf serum (HyClone, Logan,
UT), 3 nM interleukin-2 (IL-2), 2-mercaptoethanol (Invitrogen, Carls-
bad, CA), penicillin, and streptomycin. For T cell assays, the cells (5 X
10%/well) were incubated with the GMM liposome (1 pg/ml) in the pres-
ence of LLC-MK2 cell transfectants (5 X 10*/well) expressing rhesus ma-
caque CDla, CD1b, or CD1cusing a 96-well flat-bottom microtiter plate.
After 24 h, aliquots of the culture supernatants were collected, and the
amount of IFN-+y released into the medium was measured using a human/
monkey IFN-y enzyme-linked immunosorbent assay (ELISA) kit
(Mabtech).

Flow cytometry. Freshly isolated PBMCs (5 X 10°/well) were stimu-
lated with either empty liposome or the GMM liposome (1 pg/ml) for 6 h
in 96-well flat plates and then treated with brefeldin A for an additional 6
h. Subsequently, the cells were harvested and labeled with anti-CD8 Ab
(RPA-T8; phycoerythrin [PE]-Cy7) and anti-CD4 Ab (OKT4; eFluor
450). This was followed by cell fixation and permeabilization. The cells
were then labeled with anti-IFN-y Ab (4S.B3; PE) and anti-tumor necro-
sis factor alpha (TNF-a) Ab (monoclonal antibody 11 [MAb11]; fluores-
cein isothiocyanate [FITC]) and analyzed by flow cytometry using a BD
FACS Cantoll flow cytometer (BD Biosciences).

Adoptive transfer. Cells (1 X 107) of the MM552-derived, GMM-
specific T cell line were labeled with 5 wM carboxyfluorescein succinimi-
dyl ester (CFSE) (Invitrogen) for 10 min at 37°C. The labeled cells were
suspended in 10 ml of glucose lactated Ringer’s solution and injected
intravenously into the MM552 monkey from which the T cells were de-
rived. At the same time, the MMS552 monkey received an intradermal
inoculation with BCG (1 X 10% CFU). After 4 days, the monkey was
sacrificed, and skin samples were collected. The excised skin was fixed
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FIG 2 The GMM-specific T cell response was dependent on CD1c molecules. (A and B) Postimmune PBMCs from the monkeys were subjected to IFN-y
ELISPOT assays in the presence or absence of anti-CD1 MAbs, and the numbers of GMM-specific spots per 1 X 10° PBMCs are shown (A). The percentage of
inhibition by anti-CD1 Abs in each monkey was plotted, and statistical analysis was performed using a one-way ANOVA (B). (C) Postimmune PBMCs were
isolated from MM553, and negative selection with Abs to CD1c, CD14, CD16, CD20, and CD56 was performed. Subsequently, the cells were subjected to a IFN-y
ELISPOT assay using LLC-MK2 cell transfectants expressing monkey CD1a, CD1b, or CD1c molecules as APCs. (D) Cells of the GMM-specific monkey T cell
line established from MMS553 were incubated with the LLC-MK2 cell transfectants in the presence or absence of the GMM liposome, and the amount of IFN-y
released into the medium was measured by a IFN-y ELISA. neg. cont., negative control. Error bars show standard deviations.

with 4% paraformaldehyde and deep-frozen in optimal cutting tempera-
ture (OCT) compound, and the cryosections were mounted with
Vectashield mounting medium with DAPI (4',6’-diamidino-2-phenylin-
dole; Vector Laboratories) and viewed under a fluorescence microscope.
Some cryosections were processed for immunohistochemistry as de-
scribed previously (11) and labeled with M241 or P3. Signals were visual-
ized with the standard protocol using a Vector Elite ABC kit.

RESULTS

GMM-specific T cell responses were induced in BCG-vaccinated
monkeys. We previously detected GMM-specific T cell responses
in BCG-vaccinated guinea pigs (7). To see if such T cell responses
were also induced in nonhuman primates, four rhesus macaque
monkeys (MM552, MM553, MM556, and MM559) received in-
tradermal inoculation with BCG 3 times during the course of the
study (Fig. 1A), and MM552 and MM556 were additionally chal-
lenged with BCG via an intratracheal route. We also attempted to
sensitize the animals by intradermal injection of the GMM lipo-
some either with or without the Pam3Cys-SKKKK lipopeptide
adjuvant. At the time points indicated in Figure 1A, PBMCs were
obtained from the monkeys and tested for their ability to respond
to GMM in IFN-vy ELISPOT assays. The GMM-specific response
was only marginal after the first intradermal vaccination with
BCG in all cases, but the response was more prominent after the
second and the third vaccinations. We did not see such a robust
response elicited by the administration of BCG via an intratra-
cheal route (MM552 and MM556). Furthermore, no implications

January 2013 Volume 81 Number 1

were obtained for the potential of the GMM liposome in terms of
inducing GMM-specific T cell responses (Fig. 1A).

Preimmune PBMCs and those after the third BCG vaccination
were obtained from each subject, and a IFN-y ELISPOT assay was
performed in parallel (Fig. 1B). Numerous spots were detected
when PBMCs obtained after the third BCG vaccination were stim-
ulated in vitro with the GMM liposom, but not with empty lipo-
some, whereas preimmune PBMCs failed to respond to GMM
(Fig. 1B, postimmune, + and —, and preimmune, +, respec-
tively). The increase in the number of GMM-specific spots after
BCG vaccination was statistically significant (Fig. 1C). Therefore,
as in guinea pigs, GMM-specific T cell responses were elicited by
BCG vaccination in rhesus macaque monkeys.

The GMM-specific response was restricted by CD1c mole-
cules. Given that monkey CD1b molecules present GMM to spe-
cific T cells in vitro (9), we initially predicted that CD1b molecules
would function as the restriction element for the GMM-specific
response induced in vivo by BCG vaccination. However, blocking
studies with a panel of anti-CD1a (10H3), anti~-CD1b (b3.1), and
anti-CD1c (M241) MAbs that were known to specifically block
human T cell responses and cross-react to the corresponding
monkey CD1 isoforms (9) indicated that CD1c rather than CD1b
molecules restricted the GMM-specific response in all 4 monkeys
(Fig. 2A). The inhibitory effect of anti-CD1c but not anti-CD1b
Abs was statistically significant (Fig. 2B). To confirm that the
GMM-specific T cell response was restricted by CD1c molecules,
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peripheral blood T cells were purified from a BCG-vaccinated
monkey and tested for their ability to respond to GMM when
LLC-MK2 cell transfectants expressing rhesus macaque CDla,
CD1b, or CDlc molecules were used as APCs. In a IFN-y
ELISPOT assay, significant numbers of GMM-specific T cell spots
were detected only in the presence of CD1c" LLC-MK2 cells (Fig.
2(). Finally, a GMM-specific T cell line established from the
MM553 monkey responded to GMM by producing IFN-y when
LLC-MK?2 cell transfectants expressing CD1c but not those ex-
pressing the other CD1 isoforms were used as APCs (Fig. 2D).
Taken together, these lines of evidence indicate an outstanding
ability of rhesus macaque CD1c molecules to mediate GMM-spe-
cific T cell responses.

GMM-specific T cells were detected broadly in CD4" and
CD8"* T cell populations. Initial studies of group 1 CD1-re-
stricted T cell lines (1, 12), as well as our previous study of BCG-
vaccinated humans (13), suggested that group 1 CD1-restricted T
cells were enriched in the CD4™ T cell population. However, re-
cent evidence obtained from human cases with tuberculosis indi-
cated that a majority of GMM-specific, CD1b-restricted T cells
was CD4" (14). To determine the phenotype of GMM-specific T
cells detected in our monkey model, PBMCs derived from the 4
BCG-vaccinated monkeys were stimulated in vitro with either the
GMM liposome or empty liposome and subjected to a multicolor
flow cytometric analysis for intracellular cytokines and surface
markers. In all cases, a T cell population expressing both IFN-y
and TNF-a was readily detectable when cells were stimulated with
the GMM liposome (Fig. 3; boxed in bold lines). The GMM-reac-
tive T cell population thus identified was further separated, based
on the cell surface expression of CD4 and CD8a glycoproteins,
into CD4 single-positive (SP), CD8 SP, and CD4 CD8 double-
positive (DP) cells (Fig. 3). We found that the GMM-reactive T
cells were detected broadly in CD4 SP, CD8 SP, and DP popula-
tions except for MM553, in which the GMM-reactive T cells were
detected predominantly in CD4 SP and DP populations. It was not
surprising that Ag-specific DP T cells were detected in this study
because such T cells are known to comprise a significant popula-
tion of memory T cells in the peripheral blood of monkeys (15).
Upon antigenic stimulation, the GMM-reactive T cells did not
upregulate transcription of IL-17A and IL-17F (data not shown),
suggesting that these T cells were distinct from Th17 cells.

GMM-specific T cells were recruited to the site of infection.
Circulating GMM-specific T cells are detectable in patients with
tuberculosis (14), but it remains to be examined if these cells are
able to extravasate and gain access to the site of infection. To
address this, the GMM-specific T cell line derived from the
MM552 monkey was labeled with CFSE and injected intrave-
nously back into the same subject, i.e., MM552. At the time of
injection with CFSE-labeled cells, BCG was inoculated in the skin,
and after 4 days, the BCG-infected skin was examined for infiltra-
tion by the CFSE-labeled cells. The local accumulation of CD1c”*
cells was prominent in the infected tissue (Fig. 4A, bottom right),
and CFSE-labeled T cells (Fig. 4B, bottom left, indicated with ar-
rowheads) penetrated deeply into the granulomatous cell aggre-
gates formed at the site of BCG infection. Such cellular responses
were undetectable in uninfected skin areas (Fig. 4A and B, top).
Taken together, these observations indicated that, in response to
BCG vaccination, GMM-specific, CD1c-restricted T cells could
expand in the circulation with the potential for mobilization to the
site of mycobacterial infection.
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FIG 3 Profiles for surface marker expression on monkey GMM-specific T
cells. PBMCs obtained from the BCG-vaccinated monkeys were incubated for
6 h with either empty liposome or the GMM liposome, and then brefeldin A
was added to the culture. After an additional 6-h incubation, the cells were
fixed, permeabilized, and labeled with Abs to CD4, CD8, IFN-vy, and TNF-a.
This was followed by a multicolor flow cytometric analysis. The IFN-y™
TNF-a* cell population (boxed in bold lines) was further separated based on
the expression of CD4 and CD8a molecules. The percentage of cells present in
indicated regions is shown for each panel.

DISCUSSION

The present study provided evidence that monkey CD1c mole-
cules were capable of functioning as a restriction element for
GMM-specific T cells in vitro and eliciting GMM-specific T cell
responses in vivo (Fig. 1). The crystal structure of the human
CD1b-GMM complex indicated that the T’ tunne] connecting the
A’ and F’ pockets is essential for accommodating the long mero-
mycolate chain (3). The tunnel structure constructed in human
CD1b molecules is obstructed in human CD1la and CDlc iso-
forms by replacement of the glycine residue at position 98 (CD1b)
with valine (CD1a and CD1c). Although the crystal structure has
not yet been elucidated, monkey CD1c molecules exhibit much
higher homology with human CD1c molecules (90.4% in the
amino acid sequence) than with human CD1b (58.9%) and have
valine at position 98, making it unlikely that the meromycolate
chain-accommodating T’ tunnel detected for human CD1b is
constructed in monkey CDl1c. The crystal structure of human
CD1c molecules was resolved recently, indicating significant dif-
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FIG 4 Recruitment of GMM-specific T cells to the site of infection. The CFSE-labeled, GMM-specific T cells were injected into the circulation of the donor. At
the same time, BCG (1 X 10® CFU) was inoculated into the skin. After 4 days, samples of the infected (bottom, BCG-positive) or uninfected (top, BCG-negative)
skin were obtained and examined for infiltration by CD1c* cells (A) and CFSE-labeled cells (B). The tissue sections were also counterstained with DAPI (B).
Arrowheads indicate CFSE-positive cells, and dashed lines indicate the area of granulomatous macrophage aggregation. The amorphous fluorescence-positive
structure (indicated with an asterisk) appeared to represent the necrotic center of the granuloma. neg. cont., negative control. Scale bars, 100 wm.

ferences between human CD1b and CDlc molecules (16). The
human CD1c molecule contains two deep grooves, each of which
has a portal (D’ portal and E’ portal) at the bottom. As the two
portals are located in close proximity, one potential mechanism
for interaction between monkey CD1c and the long meromyco-
late chain of GMM is that the fatty acyl could exit one portal and
immediately enter the other, minimizing its uncomfortable expo-
sure to the aqueous external milieu. The crystallographic structure
of monkey CD1c molecules is under investigation and should pro-
vide valuable insights into how monkey and, possibly, human
CD1c molecules bind GMM. ‘

In the present study, we performed an adoptive transfer exper-
iment, which is a common approach in studies with genetically
identical experimental rodents but is challenging in nonhuman
primates. This is probably the first direct demonstration that
group 1 CDI-restricted T cells are recruited from the circulation
to the site of infection (¥ig. 4). These T cells produce IFN-y and
TNF-a, representative cytokines critical for host defense against
mycobacterial infections (Fig. 3). Furthermore, inoculation of pu-
rified GMM into the skin of BCG-vaccinated monkeys resulted in
elicitation of delayed-type hypersensitivity (DTH), as in guinea
pigs (7), that was associated with the expression of microbicidal
agents, such as granulysin (data not shown). Given that GMM is
produced in tissues by utilizing host-derived glucose as a substrate
for mycolyltransferases (5), GMM-specific T cells may be partic-
ularly important for eliminating metabolically active, replicating
microbes.

Monkey studies are often recognized as a surrogate for human
studies. On the other hand, monkey studies may occasionally pro-
vide compelling new insights that have never been noted in a full
range of human studies. Despite significant advances in the biol-
ogy of group 1 CD1 molecules over the past 2 decades, the GMM-
specific, CD1c-restricted T cell response in monkeys was unex-
pected and is stimulating enough to address whether such
responses may exist in humans and how CD1b and CDlc play
distinct roles.
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SUMMARY

SETTING: The DosR regulon genes are considered essential for Mycobacterium
tuberculosis (Mth) dormancy and their products are demonstrated to have
immunogenicity in Mrb-infected individuals, suggesting that DosR regulon-encoded
proteins are suitable targets for vaccines to control the reactivation of dormant Mtb.
OBJECTIVE: Prospective analysis of T-cell and antibody responses against DosR
regulon-encoded antigens in Mtb-infected individuals in Japan to identify effective
vaccine targets.

DESIGN: T-cell responses against 33DosR regulon-encoded antigens were investigated
in 26 consecutive Mrtb-infected individuals comprising 14 individuals with latent TB
infection (LTBI) and 12 patients with active pulmonary TB (ATB) using
Enzyme-linked immunosorbent spot assay, and antibody responses in 42 consecutive
individuals (14 LTBI and 28 ATB) using Enzyme-linked immunosorbent assay.
RESULT: Six antigens (Rv0570, Rv1996, Rv2004c, Rv2028c, Rv2029c, and Rv3133c)
induced stronger T-cell responses in LTBI than in ATB, In contrast, antigen-specific
antibody response to five antigens (Rv0080, Rv1738, Rv2007c, Rv2031c, and Rv2032)
were found to be stronger in ATB than in LTBIL.

CONCLUSION: T-cell responses to six antigens might contribute to natural protection
against dormant Mrb. Therefore, these antigens are considered to be potential targets of

novel vaccines for the Japanese population to control Mtb reactivation.
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INTRODUCTION

Tuberculosis (TB) is an epidemic disease caused by Mycobacterium tuberculosis (Mtb)
and remains a serious global human health problem. In 2010, TB incidence and
mortality were approximately 8.8 and 1.4 million, respectively.! Approximately
5%—-10% of people infected with Mtb develop active TB at some time during their life,
while Mtb infection remains latent in the remaining individuals without any clinical
symptoms.”™ '

In individuals with latent TB infection (LTBI), Mtb bacilli persist within the human
body, especially in the lung granuloma, and can survive for long time periods in a
reversible metabolically inactive state. Some LTBI develop active TB by reactivation of
Mtb if the host’s cell-mediated immune response, which plays a pivotal role in
protection against TB, is impaired by some cause (aging, HIV infection,
immunosuppressive treatment, etc.). This reactivation of persistent Mrb bacilli is the
major cause of adult pulmonary TB.**

At present, Mycobacterium bovis bacillus Calmette-Guérin (BCG) is the only
available prophylactic vaccine against Mtb. BCG vaccination to newborns and infants is
an effective preventive measure against initial active TB disease, whereas its
prophylactic efficacy in adults is limited.”” Various anti-TB vaccine forms such as
DNA vaccines, recombinant BCG vaccines, subunit vaccines, and attenuated TB
vaccines are under development, but they have not so far achieved an effect superior to
BCG .>7 Because adult TB is largely due to the reactivation of dormant Mtb, the
development of more effective vaccines, especially to prevent reactivation, is urgently
needed.

The 48 genes of the DosR regulon, some of which are considered essential for Mrb
dormancy, are up-regulated by some stresses such as hypoxia, low pH, nitric oxide, and
carbon monoxide.* '’ Such evidence suggests that DosR regulon plays an essential role
in adaptation to these stressed conditions, although the detailed functions of most
proteins encoded within this regulon are not fully understood. These DosR
regulon-encoded proteins are also demonstrated to have immunogenicity in
Mib-infected individuals,'"™'¢
control the reactivation of dormant Mzb.

suggesting that they are suitable targets for vaccines to

Immune responses against Mtb have been preferentially measured by interferon
(IFN)-y release assays (IGRA), because IFN-y produced by CD4" helper T-cells (Thl
cells) and CD8" cytotoxic T-cells (CTLs) plays a central role in the protection against
Mtb.'"° IGRA was used to evaluate T-cell responses against DosR regulon-encoded
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antigens in blood samples mainly from FEuropean (low-burden) and African
(high-burden) countries, but the immune response profiles were somewhat different.''™'¢
The difference may stem from the ethnic differences, bacterial prevalence, BCG
vaccination history, and detection methods, as well as genetic differences in local
pathogens.

In this prospective study, we comparatively analyzed T-cell and antibody responses
against 33 DosR regulon-encoded antigens in consecutive LTBI and patients with active
TB in Japan (an Asian country with an intermediate-burden) to identify effective

vaccine targets.
MATERIALS AND METHODS

Study subjects

This prospective study was approved by the institutional review boards of Hamamatsu
University School of Medicine and conducted according to the principles expressed in
the Declaration of Helsinki. Only adults (>20 years old) who had given written
informed consent were included in this study. Twenty-six consecutive Japanese
individuals comprising 14 individuals with latent TB infection (LTBI) and 12 patients
with active pulmonary TB (ATB) were recruited to investigate T-cell responses against
DosR regulon-encoded antigens (Table 1). In addition, 11 healthy controls (HC) were
recruited to check the T-cell responses against 6 kDa early secretory antigenic target
(ESAT-6) and 10 kDa culture filtrate antigen (CFP-10) together with those in LTBI and
ATB. For serum antibody responses against DosR regulon-encoded antigens, 16
additional ATB subjects were also examined (Table 2). Consequently, 42 consecutive
individuals comprising 14 LTBI and 28 ATB were recruited for antibody responses. All
LTBI were asymptomatic volunteers or non-TB patients positive for the
QuantiFERON®-TB Gold In-Tube (QFT) test (Cellestis, Victoria, Australia). All LTBI
had no evidence of active TB on clinical examination, chest radiography, and
microbiological examinations on sputum and/or bronchial lavage. ATB were thus
excluded from LTBI, and no LTBI had developed active TB until date. The diagnosis of
ATB by expert physicians was confirmed by Ziehl-Neelsen staining of sputum smears
and bacterial culture studies for Mrb. Individuals having infectious diseases other than
TB, immunosuppressive therapy, chemotherapy, autoimmune or hematologic diseases,
or human immunodeficiency virus (HIV) infection were excluded in this study. All HC
were negative for QFT and had no history of close TB exposure, anti-TB treatment, and

prior active TB. Their chest radiography did not show any abnormal findings, and they

4
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did not have any respiratory or systemic symptoms. In the present study, all HC had

ever received BCG-vaccination.

Preparation of recombinant proteins

DNA encoding DosR regulon proteins was amplified by PCR using genomic DNA from
Mtb H37Rv or BCG as a template. Primers were designed according to the genetic
information obtained from the TubercuList (http://genolist.pasteur.fr/Tuberculist/).

Appropriate restriction sites were introduced at the 5' and 3' ends of the DNA by PCR,
and the PCR products were digested and ligated into the corresponding restriction sites
of pET-28b(+) vectors (Novagen/Merck, Darmstadt, Germany). Plasmids were purified
using Plasmid Purification Kits (Qiagen GmbH, Hilden, Germany), according to the
manufacturer’s instructions. The nucleotide sequences were confirmed by automated
DNA sequencing (ABI PRISM 310 Genetic Analyzer; Applied Biosystems, Foster City,
CA) using a dye primer cycle sequencing kit (Applied Biosystems). The pET-23b(-)
vectors containing ESAT-6 or CFP-10 genes were kindly provided by Drs. J.T. Belisle
and K.M. Dobos (Department of Microbiology, Immunology, and Pathology, Colorado
State University).

Escherichia coli BL21(DE3) competent cells (Novagen/Merck) were transformed
with pET-28(+) vectors containing DNA for the DosR regulon proteins or pET-23(-)
vectors containing those for ESAT-6 or CFP-10. Proteins were induced with isopropyl
B-D(-)-thiogalactopyranoside (IPTG; Wako Pure Chemical Industries, Ltd., Osaka,
Japan). Proteins were extracted from the bacterial cells with 8M urea (Wako Pure
Chemical Industries, Ltd.) and purified by Ni*"-nitrilotriacetic acid (Ni**-NTA) agarose
(Qiagen), according to the manufacturer’s instructions. Some proteins were further
purified by gel filtration using Superdex 200 HR 10/30 (GE Healthcare, Chalfont St.
Giles, UK). Purity and size of recombinant proteins were checked by SDS-PAGE.
Residual endotoxin levels were determined by Endospecy ES-24S Kit and Toxicolor
DIA Kit (Seikagaku Biobusiness Corporation, Tokyo, Japan), and were found to be

below 50 IU/mg recombinant protein.

Enzyme-linked immunosorbent spot (ELISPOT) assay

In ATB, blood samples were obtained within two weeks of initiation of treatment.
Peripheral blood mononuclear cells (PBMCs) were isolated from fresh venous blood by
Ficoll-Paque PREMIUM (GE Healthcare). ELISPOT assay was performed with an
antibody pair, horseradish peroxidase (HRP)-conjugated streptavidin, and
3-amino-9-ethylcarbazole (AEC) chromogen (Human IFN-y ELISPOT pair,
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