= 2.
HAD T V—") D54

£ 2 HROTLV—VEEDOE LD

| O E B V
0~9 | 10~19 | 20~29 | 30~39 | 40~49 | 50~59 | 60~69 | 70~79 | 80~
- Ve m
T ; -
e : 1 o
o] o
R 2 1
1 boie 1
L e - 2 | 3 | 3 | 1 3 1
b 28], ERETEIZE BIZIB(ERMND 2. % &
DICRAE(ER]D. LaL, FEkEIZhRELIE a) AXTHRE

BRI ENHY, TORY TREW

ML, KB~ ERETH LY, HrIllE
B cm KOEFRFEO K THESHICETT 5 (K 3-
a). 0%, BH~BEBTEORLEPEEL
BELLIKT 2. WERIOESIIELNSLZ
ENL (R 3-b). EITTHEREREFCRS
A, HRAICETRAZLIEHTH L. SHKEII
BIFRI %L, TLM—URENERE RS
EEFTH AL, HREELETRIKAE VL)
B - SRERERE L & T 2 KAV BUIAE R A4 A
WCREL, BTTA00H NS,

44
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EEECEBAEZ 2 METEAL TEARLE
L=bo%, EEez Ay TERELEZLO
kL5 (H4). Ziehl-Neelsen (Z-N) gufa L
T 1000 f& ({2 THEE L, MBREZMET 5.

b) HEEKRE

HEWAERZ MY, H50IRPEEREZIERL
oM WA, AR E/NIEE RS
75, 25C & 37TCTHEL, MIEEHIIOWTIZ6
P ABNIEEE L 2w (11 2B BOREERIGH Y ).

c) PCR#RE, HTEVERE

ARRALAE, RHEME T T R REDS
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alb ‘B 3. 7»—0#%@%ﬂiﬁ2;047%w1& #e)

a ! TR

b HH~HGEM T, FEEAEE - WEL, BEBEEAT 5. BEEE T REER LT

HEHICEDNL Z L%,

B4 T—0EESHOOOBRETT—F % — b

PCR & CRFFEN % DNA WA T 5 182404
PR E UL, M. marinum % EM0 NTM 12
BESN, M ulcerans L ZWTE 5 (05).
ulcerans & subsp. shinshuense % &34 572912
i%, 16S rRNA #IZF ¥ — 2 TV AREDPPHET
H5H(F3). HEWIYHITO DNA-DNA hybridi-
zation (DDH) #i2r (FR B IE) Tl M. marinum &
M. ulcerans, subsp. shinshuense 753~ TJF— &
Ry MY, K4 DOE|HNETELR V. Zofh
WEE 75 2 3 F pMUMO0L £ #EF % 1ER

& L7 PCREREHNRZWME L E03H 5.

d) RIBHESRE

FEETER, BERAEL L S SAEMRT S, HE B
BTIRERE, B & XT3 RS AT
ROLNSL. EED ORI, TY v oEkE
%@%ﬁmwﬁﬁ%wbé A3 IE S48 b R A

WEERDIZC K, ERHEROFT R L FBDIZ v, |
PRI IR IE 2 BB 5. Z-N 4eta TIZEERL LD
JE B R BT R I ~ Nk U W 2 3R B T & A
Z o\,
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M. 100bp ladder marker
1. M. ulcerans subsp. shinshuense
2. M. ulcerans 97-107 (Benin)
3. M. ulcerans 5143 (Mexico)
4. M. ulcerans 1615 (Malaysia)
5. Negative control B 5.
Mycobacterium ulcerans  PCR MA#E 5
< 154bp (IS 2404) (Fefh B doelli, MR/ ST 7 1 V8
M. ulcerans [4 1S 2404 £%8E45, | ©°)

subsp. shinshuense & D NTM IZB1F 5 16S rRNA #f5F ¥ — 27 T ¥ A DK

Japan | GGGGA | GTGCA | AAGGC
k"M.(Shinshggnse" 73 2 Japan GGGGA | GTGCA | AAGGC TT
“M. shinshuense” 0501 | 3 | Japan | GGGGA | GTGCA | AAGGC | ACCC---TTTG
shinshuense” 0 4 | Japan | GGGGA | GTGCA | AAGGC | ACCC---TTTG
I. shinshuense” 0701 | 5 | Japan | GGGGA | GTGCA | AAGGC
M. ulcerans 98912 China GGGGA | GTGCA | AAGGC
M. ulcerans Agy99 Ghana GGAGA GTGCA AACGC
M. uleerans . oioat Australia | GGAGA | GTGCA | AACGC
M. ulcerans 1615 Malaysia | GGAGA | GTGCA | AACGC
M. ulcerans 5143 , Mexico | GGAGA | GTGCA | AAAGC ACC&::ZEIG
M. ulcerans ATCC 927 USA GGAGA | GTACA | AAAGC ACCC---TTTG
M. shinshuense : M. ulcerans subsp. shinshuense  Pt. No. [ZBADEFES

*

E.coli 1S IRNA B F2EE S LI-UBE

3. #52 AN vk Vimii g v 8 — 55T o T B (il
R, Nk, VYA TERE #% : nakanaga@nih.go.jp, A #HAIA : norishi@nih.
DB R R RRE, FERRMEERE, U RA NEE g0.Jp).
B b .
. " OE
2 W

WRBlIE LTidy 77 v EY v (RFP):
REOWBBE LI EBICBCT, BRETM 450 mg/H (RBEERS), 79V A=A >
ulcerans FMETENE, ZWIIEET L. HO (CAM) : 800 mg/H GEMRBMEMERREE & LTk
FRZITIE, A XA THRED S WCIZREARRE TH BoEA), LAR7uEH L r (LVFX) : 500 mg/H
MW AMERL, BERE PCRMRELIT) LEN (RTETE R 8 R GediE & L CRIE M) 20 6 2~3 #l
HbH. LrL, HBCIRAMEZEL, HKIED PERZIT). Z0M, AMLTheA Y (SM) :
BKWOPBIRTHS. 16S rRNA #fzF—7 = 15mg/kg/H (HiE) 2 &b EET 5. B,
OV ARRARIIHER & BB DT, M ulcerans WHO i RFP & SM @ 8 x5 %L L Tw

EDENEWEEIZ L WEEISIT). TV—1& 55 HATIZ RFP, CAM, LVFX @ 3 #l4#%45.
B DORRAR T DT ORI E 813 E 7 R e e rhoizv. A4 357 b UNREBILRICHEBRT
46 MB Derma No. 183 2011
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fil 6. IA%WJ@EMHE

5720, AIRZZTTIEZ L OBABEIIAR 5T
HY, NEBIREDHETH, HBICHEZ &
Bo5cm BETSICHLTURT S, LELR
BEE, TOREMBMET.

FRETE

KNREDFHRIIDWTWERHELN S W0, &
KRMA B ETARL, SHBOBRBEOER LTS
ZEPRYWTH S, BCCOHREIZOWTItiE-
&L LTS, HM%6~12 5 8Bz Tb
MR DB ETEHMER, LRBEELZZII TS
BECEBHMRIGERTADEFHT2 L0 Hie
ﬁ&)émm_

TEBIRA

E LB RS BB ¥ —BIENR 0%
B, FHEOD LRRT B (R 1 OFER 3.

BOE 20 Ll FA

BREAEEE - 5B - Bt d &L

FEME - L.

IR 1 2005 12 A TW L VEFRE % ANE
BRI - BERR - RRATHIRE L. BE 1A LW
R A2 L7z, BEBAOBE CHE 4 O
EFITIE L oS EmR T, 1 B T B E
eZH L

W E  HBEEE PO BRSO R R A
ST R - JEIR - BUK AR R, NEIo—hix
RIEIZPa > T/ (M 6-a). MWV ERRE - Eis

o TV,

BRORIRE R © My —A%, Mk, JOERHH X
MIBICEE R L.

WRIEHEBIR B, ST caBIchr:
) BEEIRIE & 52, BEMMEC 3R ER, YAk
AL DRI, IF MR Bk S A% E M DR % 326 7.
Langhans BIEMAZIERD Shied o 72 (4 7-2).
TR DO 2 ¥ THEARD Z-N 4T3,
HAE2 6 NCEH % 72 LS HOREE % 3072
(B 7-b).

HBEEAIAR  REBOEE 2% /115 H, &
B, MEERFEH T 27C B & 08 37C THe s
TiTo72E T A, 27C, 2%/NIEEHT 11 81
HEOITZ 2B, BOREFSHCIL,
NI T4 VYR B X UHMER % v/ PCR K
ETHY 16S rRNA BETF Y — 27 0 ARET
M. ulcerans subsp. shinshuense & FE L7-.

B @ WBBLIEXT LYV (PIPC)ICE
BLDNEBORERIGIAL, MRI IS TR TR
BhgEb iz, 1 BT oK EIEN % ifT
L7z, TOBLBEOERIHE, 2 A @I
Tole A8 v 7TEROMER L O PUERH Egehsit b
niz7z, 4 v =7 F(INH)300 mg/H, RFP
450mg/H, =% > 7 b=V (EB)750 mg/H,
CAM 500 mg/H Ok 7% & TN SM 750 mg X 2/
BOGEZ G L7225, B TH -7, PCRHE
5 M. ulcerans & % \» & M. ulcerans subsp.
shinshuense 73%EbH 7= Z L7 & RFP 450 mg/

MB Derma No.183 2011 47
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B 7. REFOREEEATR alb
a @ EREHED ORI 2 B EIRIE & R, £ ORBOMBRERAFESIZZ L.
bt Z-N $efmi2 TERRE ~ SR IR OB« R0 7.

H, #F78a%4% 3+ (GFLX)200 mg/H DO AR
5 UNT SM 750 mg X 2/BDOFHIEICER L 7.
BEEFICO»2b 6T, BEBIESE10cm I2F
TR L7720 (K 6-b), F4E 4 H EAICEHEHA
I BT BRI & HEAT L7 (B0 6-¢). WERORBIIR
IFC, MiBERIIERICREL, 5 8 LIS E
R %47V, W L7z (/M 6-d). RFP+GFLX +
SM X, #TRT 48R, W& 12 8FES L.
FEFDE E &  REFNL, EBIEMECRRTT
REFAERO L VENVRELXNETH 72, B
i, TEICEMT 2RED S  BREEERIIAHET
H5bH. LoL, BEBIFPREH THLI L2,
WhREDXRT F—DRMFEEBETE 0.
AAEPIOFEEI, PUBREICH T 2 HEAIR S I
bbb TREMEESIRL, HIEREZ K
L7:2 L Thb. HEMAMFRTOERED>LIEN
RV TR ICEERR Z B, Ihbid= A
57 P AKX BEREZEZ DN BENHE
Hir&EABEFEIOmICEFTCERL-ZE, #8E
] RFP & SM O 5% 7o 7212b 22 b 59
RBBLL T2 edhd, BEIOGH LA
WCFMBREICE - 7. UREHAOREIZB VT
X, o RERPERODAHMIZIEI~A T
7N OFEERERBL, BBROEETMLEDT
R, BRIA#Z: o iR 2 —3 & L TEIBR L 7-.
ZOFE, UREEAIT 12x22cm LILHAICZ -
7ohs, BREEDOHEFLICHEVWDRBREE T A7, 1R
WORENREE 2720, WMk 12 BRELSEEEE

WHE L7z, Fo%, BRHEE oMM - T B
EIRRIZERD TV 2w,

HRDOEM

Th—DEEE NrEUvFEREE LIS
& 5T WEGTE (Neglected Tropical Diseases -
NTDs)J(WHO) ICEST 5N 5. 10~15 KD
FEEZFOMBIIFFRL, i, EFEICKRE R
BELXERTZILENLOLZOMDIIBETH LY, €
D% HRFEEEEEZFOICREEL TE LD,
TR BENT I o7,

WHO & 1998 4 |2 Buruli Ulcer Global Initia-
tive #FR L, HATDBEREENZER N V&
VRS v — R MRy —L L,
BIOEFRBEENRE, B, BEOWBRER
EOME T TnA.

Bbh)(Z
TNV—EEX BRICLFETLREETDH

H. BETCR) & &, EHBWOSLE, Nrtr
wsEt v & — Il wEbEz 7T 5.

X |

1) MacCallum P, Tolhurst JC, Buckle G, et al : A
new mycobacterial infection in man. J Pathol
Bacteriol, 60 1 92-122, 1948.

2) Kingsley A, Scherpbier R, Nyarco E, et al : Buruli

48 MB Derma No.183 2011
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3)

6)

7)

8)

ulcer : Mycobacterium wulcerans infection. World
Health Organization, Global Buruli Ulcer Initia-
tive, 2000.

Amofah G, Bonsu F, Tetteh C, et al : Buruli ulcer
in Ghana : results of a national case search.
Emerg Infect Dis, 8 : 167-170, 2002.
Raghunanthan PL, Whitney EA, Asamoa S, et
al - Risk factors for Buruli ulcer disease (Myco-
bacterium ulcerans infection) : Results from a
case-control study in Ghana. Clin Infect Dis, 40 :
1445-1453, 2005.

Merritt RW, Walker ED, Small PLC, et al:
Ecology and transmission of Buruli ulcer dis-
ease ' A systematic review. PLoS Negl Trop Dis,
4(12) : €911, 2010.

Pimsler M, Sponsler TA, Meyers WM : Immuno-
suppressive properties of the soluble toxin from
Mycobacterium wulcerans. | Infect Dis, 157 : 577~
580, 1988.

George KM, Chatterjee D, Gunawardana G, et
al * Mycolactone ® a polyketide toxin from Myco-
bacterium wulcerans required for virulence. Sci-
ence, 283 : 854-857, 1999.

George KM, Barker LP, Welty DM, et al : Partial
purification and characterization of biological
effects of a lipid toxin produced by Mycobacteri-
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9)

10)

11)

12)

13)

15)

um ulcerans. Infect Immun, 66 : 587-593, 1998.
HFLEH 13D Mycobacterium ulcerans ¥aE 1=
L BFEEMBAED 1 H. HEELEE 92:557-
565, 1982.

Tsukamura M, Mikoshiba H : A new Mycobacte-
rium which caused skin infection. Microbiol
Immunol, 26 © 951-955, 1982.

FAEHEE A BARA GBS+ ko 72
Mycobacterium ulcerans JMH. 8, 64(11) :
691-697, 1989.

World Health Organization : Provisional guid-
ance on the role of specific antibiotics in the
management of Mycobacterium ulcerans disease
(Buruli ulcer). Geneva (Switzerland), 2004.
Portaels F, Aguiar ], Debacker M, et al:
Mycobacterium bovis BCG vaccination as prophy-
laxis against Mycobacterium ulcerans osteomyeli-
tis in Buruli ulcer disease. Infect Immun, 72 © 62-
65, 2004.

Nackers F, Dramaix M, Johnson RC, et al : BCG
vaccine effectiveness against Buruli ulcer : a
case-control study in Benin. Am J Trop Med Hyg,
75 : 768-774, 2006.

SHEBII A © Mycobacterium shinshuense 12 &
D A U7z Buruli &5 12500 U 7 86 B 08 2008
BD 1B ERHE, 59(12) : 1440-1445, 2008.
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® 1034

wk NEFEERE—T OEEEE—

I EREIE

—ARSFREZ(F DI AF ST

Eﬁ¢ Uﬁ( Eﬂéi Eéﬂ

Zzz

E1 mA B M marnum BRE
i, FEROME AT S 580 (RS ) (E5)
(BORMILAS BRI 5L REBIRE).

2l UsIC
g

LNVt IR E BT DI RS T IR L
B ® #E (nontuberculous mycobacterioses : NTM jE)
EvH. EMNIMEOERBIZ20BEL L2 &%
2 bh b, FE7EREE X Mycobacterium (M.) mari-
num , M. avium , M. haemophilum , M. ulcerans
subsp. shinshuense , M. peregrinum , M. kansasii, M.
abscessus % ETH D, BILHETHO THRE SNz M.
massiliense 2 &b 5.

Visual Dermatology Vol.10 No.10 2011

J Visual Dermatol 10:1034-1037,2011

sarinum BERE (E ) &
B, t<(JFJ§(LAJE!‘-’F’fEHEED‘E?§ b'CL\é TJ@MSE’TEE@%{#D?{EJ:RZ
EREAFEZRDD (@ Bk b ®ifk, HEZEE).

B NTM 21+ 2 KB 0 E72 5 b 0 11
WRBEETHS. Ll HEERECIAFELES
DL, ELRVLONDH L. FEAKGOBRIZIL,
Bl MEEOAKICET SR B (R - R
»oOMM), EhORER HBREZHRT RN
LS RERERAEERT 5. EROREMGKETY,
IR AN BIEE LR IBERR, SR
SRERMEAEER PSR TH Y, $F—ERTER
DHERRE LT BETELHE b H b,
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1035 e

H3 453 B M. avium BE
BRCRESEHTERIEL, HTICRIEE. 24 BEASER.
BF (1488 (111 [CEEBOREHD (BERIIARE).

4 M avium BEE (X 3) OREESENTHE
BR(CEMRIEEHESE ERmRLNTEERDD (@
5K, b ik, HE 3@).

§3§M. marinum B (1, 2)

FITEAS—FLEMNIMETH 5. BHIZK
AR G172 & Ok & #EKAHRIE L 72K %) IRz 4
BLTwaw, f%E)AGREHRRE, REEANT
#H OKEEWRES) 2E0E A0S, FRBLIEF
B FELRETHD, BEFLEZZITIRI~HKIA
BBTAHIENEL, BHitLEORENS W (K1),

WEMERERIEESBICHRREEZRD 525, LU
HETRBICHEEMBERFELZD 5 (K2).

RERANORBRETH Y, M marinum OREEE
BEA22~33CThHhorI L, BELTHOEYAZS
LTWaIEMEL, REMERGETIIBESERL LD
CEMREZED IFEL R TS 2 L2550,

M. avium BRRFE(E 3, 4)

BEESIHME STV, UBHEASHAECTOR
EFDHES TS

HERGIIC :}awf%@%ﬁ}\'( RIENPDRFBETIC2
ARFBLTEY (M3), HWEMKE T, HEEMER

k
B b

WAEmE RS (M4) .
;@M. haemophilum BE (B 5. 6)

REAEBECREL, FFTIE 2010 £XBETSI
FIMESINTWE Y. BT 2 MR M Gl 2 e aE L
Wi, REELTEANAYEVHEO LLECENS 5
(K 5).

REMEE T, Bt~ 07y —YPICE Y AT R,
M2 ), HEELENELEE T 288EIC%
%5 (K6). PRREHRETZ LEKARNICSRONBE
PHEEL, LLEAN Y 2o HERBEOERYRT.

BEMICD, SWHE & M haemophilum 133K % T,
LVWHOREICHVLZEED 7T 4 <—%Hw/ PCR
BATIEZ, WEXFE—DONY FIIRRENDL. 70728
nested PCR ®#IBE# @ 168 rRNA #{EFEFIRE R &
TORENLETH 5.

8 J—vims
i (M. ulcerans subsp. shinshuense B¥4E) (7, 8)

NIM FED LA TIEME—, BRERZBRLE D> TND.

SR TNV—VBEMER T3 FRICERENS VL, FE

02 -
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. M. hasmophfium BEE
HIVB,‘;”P_{GJ%JET% 5D EEEBOEBOHIFEREZESHE
F—LREEE (EERit PEE— TE).

L
(@5 ;Egeﬂ

@ﬁﬂ@ﬁ@ﬁhﬁh%
HoND. LLENVEY
FHRLIORTR, (a: S8R,
bR, HEZRE). #
BEREZETD LEER
BRCESHONBEZR
HD.

¥7 208 it
(M. vicerans subsp. shms%uensc )

Fr. BIRL, TOBRRBICEDERTSD (ELFHRE
1 RLBERT Y -RRNR SHREE L),

DEEEEE

—%ﬁ&%xﬁbfu% ﬁﬁé%ﬁmﬁ<§%§%ﬁmé EMRIEROEL. FTMESICORIRERDD (2B, b
sk, HER@).
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HO 45F. B M osregrinum BEvE
é;é’&ﬁ,mﬁ? B DV, EZ%D‘&EE Lick 6 ﬁﬁfﬁ'lggu‘;\
TEETOV B ICERRI LT LB,

PREE &) bRICHRICMO N0 Th BB (M 7T) 2.

TN — D RIE OB, B EER M marinum 5
#Td BHH, mycolactone (¥4 2527 b)) LS g
HEZRZHWTHZ L THA. mycolactone 13 Gz
HUVER L MIBREETEVE (7R b — Y R) 2 R/T 720, %
BHEMETHERIBLL, MREEHEIEECTHL (K
8). WEEERLIFLALTD LNV,

:,f:,; M. peregrinum B3E (B9, 10)

EEHTHN, RBELENDI LEBEORBE L5,

BRR TS E 20 (M9), HEARECIIEMEY
RC 28 ERMBMAFEIZD 5h b (K10) .
:;.%ﬂt’«ry ~

M. haemophilum © X 5 \CEE D € P3RS - 5
WLEVHERER»S, HerEWE LTk 2Maka
REEDME < M. marinum 72 &, BHICHTLEKO RS
BEEEETHL. STV RETIIEEZOER
THAMBBIBHSNS, 72 BREIFLERH 2
WIZZB I TOMMY, B NTMEICSIT5HEE
DR OKRELRERE 2 5.

BURREAIERICN

04 -

1037 ®

%?ﬁ@ﬁ@%t?ﬁ%{t
RERMRZEER
3. ERICIEE#HREE
RODE LRBEAMER
FEIHSND (2! 5
WK, br®IEA HE
7).

SRR

1
2)
3)
4)

Sugita Y et al: Br ] Dermatol 142: 789, 2000
FHE BEII 2 EEERS 78:389, 2004

SHIEBRIE S AR 59: 1440, 2008

Ishii N et al: Acta Derm Venereol 78: 76, 1998

£+ AKX Ishii, Norihisa

T 189-0002 ERANLTAIEER 4-2-1
EURBRERR/ B mRE 5 —
E-mail : norishii@nih.go.jp

Py B® Yotsy, Rie

EYERERNR T Y —RRE SR
T 162-8655 EREFHFBEXFLL 1-21-1




B‘Zﬁﬂwﬁﬁi #53% $9F5 (2011F9H1H FET)

ZHIBABREFEMLETI—)EE
(Mycobacterium ulcerans subsp. Shinshuense &) D 1 Bl

B3 E HR WTE Wi lmE ko A
BY o XA O we

£ B H R % X & #
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ZRIGABENEM LTIV EE

(Mycobacterium ulcerans subsp. Shinshuense BRE) D 1 5l

AT
SR VS

B s E
B {ZE

70 1%, =ME
FiF
IO B % fil 2 AT ERLBE

BB TEME, SRoBER Ry, BE
R X 22\

4ERE HEOEIIFILEREE, MAKZL
DTERICKHEEZT2EHEND 5,

B 2010 F 4 AT L O ARIBICERREZ
b BELBEASE L 72, Z D, BEBIIHR L ICER
LT, RHEPEEL TEL-OEEEZZS L7,
VY REOFETURIZBNINEZ L,

HEBRE KNN3 OOREFRTEDY £33
HAMERD 5, KEIRFERDLDH 35X2.0
cm, BAADLDIF15X15cm THD, WTNnd
BEEE AN, PRCOIHERVEENAONS (7
J=hs—1K, 2H),

RIBEH¥IMR REERBEATHIIIRRE
Whdbh, BEAICH) VRERPEBEL T3,

W B i
WO R

G
O e

HK  FIE

BERE2BICSBOMMINRRMESEEL TR D,
MR FEZ R T 5, —8ICi3iFdBkas
SEEBEL, BEZR L T3, Ziehl-Neelsen
LETHREZRD 5,

HESZMIEE Polymerase chain reaction (PCR)
EIZ XD TBEEE % Mycobacterium ulcerans subsp.
Shinshuense & [F5E L 72,

BERIURAB 77V RAn<A T 800mg/
HEU77vE> > 450mg/H, VA7 XH
v 500mg/HZARNRL, BTz 7aex4s
vERHNRL 7, BERG L &b IR L IZBIE DM
INL 7o 7- DABHVEI BRI 2 & §IC iR I d 2
Rt 22, 96 A BHEDBERTRE IO Tk
BRZERITOALED, KERAIZGORILEL
ol

S, A3 1301 HEBH

*1 Haruka MINATO & Yuji HORIGUCHI, KIRFR+FHERE
*2 Tomoko WAKASA, [E, FREEES
*3 Yumi MATSUMURA, F#BAZE, ERE

. B (EF - EOwEER)

*4 Kazue NAKANAGA, Yoshihiko HOSHINO & Norihisa ISHII, EZEGUENIZEAT, > & v EifEL v & —
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KREEEEK 53(9) ; 1301~1304, 2011

fiE
Bl

ZHIERABEEVEML =T IL—) EE
(Mycobacterium ulcerans subsp. shinshuense BEHE) D 1

& OB ET ER ONTFT BN R bk Akt
2Y CET R MR O Wt

7 £ :

70 1%, M A RIBIC A/ 3 DORBEZE it 2 RIEF OB 23R 72 40
BOHhRICIZ—HMEESA SN, BRdhkdrol, YRV YV RIBIE
HTH o7, KEHBD PCR BHE T Mycobacterium ulcerans subsp. shinshuense
DBIEFEZHR L, 7TAV—VEEOBHOLEICZS Y A0 A SV 800
mg/HEY 77> 450mg/H, LEA7ax¥S > 500mg/HZWIRL,

BRRICIEFY7aXxys v ERBLEEZ A, RBRBLICEDNL, bTbhk
W 2 53 D A & 72 > 72 . Mycobacterium ulcerans EGHE T d BHADN L o /e
SZRGFABEE 2T A IEABINAEBZ L Thb iGN TE s L Bbhi,

F—D—F:7V— V%, FEHEETIBERYAE, Mycobacterium ulcerans

subsp. shinshuense

EICHFIBFRBE 2 RO L 25, ARALE L

I. 13IC®IC LAEWTEBRICEST-DTCHRET 5,

7N — Y %X Mycobacterium ulcerans (LLF

M. ulcerans) BREMFEATEU s EEDOKBRE I. i B

ETHD, 1960 FRUIC I DEESEEL - H v g F 0K &t

F Di4 (Buruli County, ¥7E Nakasongola Dis- BR X IR

trict) ICbRATHMIT SN, BELRE, 0 f Z| 62kg

MG CIXEEEMIZEF L, WHO IZ X - CHEREN #l 2 201054 A TH
HAEEENH SN TV S, AREIEER, Nt * 5F AriMoREL il 5 BEEAN
VRISV TEHOLHIBERYETH H, Bl BEEE TEME, SROBEEIEZ v,
BEoE 4 2P0 30 AEM ETHREITY H£EE HEDEIFILAEZBE, k2L
2V, Bof, A THEMD S OMEDEHEL, DTEARCKBERT 5BERD 5,

KERIED BT 2 ARt H 5 BYSETH 5, BHAERE 4L

T ld, BIED 1 FIZREEEL, ELrLZHD b BRBE 2010 4 4 A9 X b GHiBICEEZ

*1 Haruka MINATO & Yuji HORIGUCHI, ABRF+5%BE, KEH (46 BOBIBBE)

*2 Tomoko WAKASA, [&, REE

*3 Yumi MATSUMURA, =#E8A%, KREF
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Previously, we observed that both major membrane protein II of Mycobacterium leprae (MMP-ML) and its
fusion with M. bovis BCG (BCG)-derived heat shock protein 70 (HSP70) (Fusion-ML) are immunogenic and
that recombinant BCG secreting either of these proteins effectively inhibits the multiplication of M. leprae in
mice. Here, we purified M. tuberculosis-derived major membrane protein II (MMP-MTB) and its fusion with
HSP70 (Fusion-MTB) in a lipopolysaccharide-free condition and evaluated their immunostimulatory abilities.
Both MMP-MTB and Fusion-MTB activated monocyte-derived dendritic cells (DC) in terms of phenotype and
interleukin-12 (IL-12) production, but Fusion-MTB more efficiently activated them than MMP-MTB did. The
IL-12 production was a consequence of the ligation of those recombinant proteins with Toll-like receptor 2. The
M. tuberculosis-derived and M. leprae-derived recombinant proteins activated naive T cells of both CD4 and
CDS8 subsets, but M. tuberculosis-derived proteins were superior to M. leprae-derived proteins and fusion
proteins were superior to MMP, regardless of the origin of the protein. Memory-type CD4™ T cells obtained
from BCG-vaccinated healthy individuals seem to be primed with MMP-MTB by the vaccination, and both M.
tuberculosis-derived recombinant proteins produced perforin-producing CD8" T cells from memory-type CD8™
T cells. Further, infection of DC and macrophages with M. tuberculosis H37TRa and H37Rv induced the
expression of MMP on their surface. These results indicate that M. tuberculosis-derived MMP, as a sole protein
or as part of a fusion protein, may be useful for developing new vaccinating agents against tuberculosis.

Tuberculosis is a chronic infectious disease caused by intra-
cellular infection with Mycobacterium tuberculosis (20). It is

estimated that one-third of the global population is latently

infected with this inhaled pathogen, which infects primarily
macrophages and dendritic cells (DC), and tuberculosis is re-
sponsible for more than two million deaths yearly worldwide
(11, 34, 36). The emergence of multidrug-resistant strains of M.
tuberculosis mandates the development of more effective pre-
ventive and therapeutic strategies, including the development
of improved vaccines (48). Protective immunity against M.
tuberculosis is conducted chiefly by adaptive cellular immune
responses, and gamma interferon (IFN-y)-producing type 1
CD4™" T cells and CD8" T cells are key components of this
immunity (1, 12, 16). IFN-y produced by activated T cells is
believed to be an essential element of the host defense against
M. tuberculosis (13). Further, the contribution of CD8™ T cells
to protection by lysing infected cells is also important for bac-
terial killing (7, 19). CD8" T cells can kill M. tuberculosis-
infected host cells via a granule-dependent mechanism involv-
ing perforin and granulysin, which has a direct antimicrobial
activity (42, 49).
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The only approved vaccine currently available against tuber-
culosis is M. bovis bacillus Calmette-Guérin (BCG), an atten-
uated strain of M. bovis. More than four billion doses of BCG
have been administered so far, and is established as a safe
vaccine (29). BCG appears to be effective at preventing dis-
eases such as tuberculous meningitis and miliary tuberculosis
in newborns and toddlers; however, it has no apparent effect
on pulmonary tuberculosis in adults (3, 9). The reason why
BCG cannot prevent disease development is not fully known,
but one of the reasons is based on the fact that BCG has a
capacity to block phagosome maturation to inhibit antigen
{Ag) processing and presentation to type 1 T cells (14, 32, 38).
Indeed, although M. tuberculosis directly delivers Ag to the
major histocompatibility complex (MHC) class I processing
pathway, BCG was less able to activate CD8™ T cells (35, 41).
Further, BCG growing in human macrophages was not recog-
nized by immune CD4™ T cells, although BCG-infected mac-
rophages continued to express MHC class II molecules (35).
These observations indicate the need for the development of a
new vaccine against tuberculosis.

Various new vaccine candidates which are based on Ags that
are recognized in infected individuals are currently in clinical
trials, including early secretory antigenic target 6 (ESAT-6),
the Ag85 family, and a polyprotein Ag, designated Mtb72F,
derived from M. tuberculosis proteins Mtb32 and Mtb59 (1, 2,
17, 18, 37, 39). However, a fully reliable new vaccine has not
been established yet.

A situation similar to that of tuberculosis can be found in
leprosy, which is caused by infection with M. leprae, and the
development of a new vaccine capable of inhibiting the multi-
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plication of M. leprae is highly desirable. In both tuberculosis
and leprosy, the activation of T cells is induced by DC loaded
with bacilli or their components, which display various anti-
genic molecules on their surface, including the immunodomi-
nant Ags (15, 30), although there are conflicting results indi-
cating that M. leprae inhibits the activation and maturation of
DC (33). We are of the opinion that future vaccines, to be
successful, must (i) be highly antigenic, (ii) have the capacity to
activate both naive CD4* T cells and CD8" T cells, and (iii)
have the ability to be expressed on the surface of mycobacte-
rium-infected Ag-presenting cells (APCs) such as macro-
phages and DC. Previously, we identified major membrane
protein (MMP; gene name, bfr4 or ML2038) as one of the
immunodominant Ags of M. leprae (21). M. leprae-derived
MMP (MMP-ML) ligates Toll-like receptor 2 (TLR2) and
consequently activates the NF-kB pathway of host cells (21).
DC pulsed with MMP-ML activate memory-type CD4" and
CD8™ T cells to produce IFN-y in an Ag-specific fashion (21,
26). Further, MMP-ML is supposed to be recognized in vivo by
T cells of M. leprae-infected individuals, including paucibacil-
lary leprosy patients (26).

Further, when we introduced MMP-ML with the Ag85A
secretion signal of M. tuberculosis into BCG, the modified
BCG, termed BCG-SM, secreted MMP-ML, enhanced the
ability of BCG to activate naive CD4™, and further, success-
fully activated naive CD8* T cells (25). Furthermore,
BCG-SM at least partially inhibited the growth of M. leprae in
C57BL/6 mice subsequently challenged by injection in the foot-
pads (22). These observations indicate that MMP-ML could be
a target molecule to be further analyzed as a vaccine candidate,
and the fact that BCG-SM can activate both subsets of naive T
cells to produce IFN-vy indicates that secretion of MMP-ML,
presumably in the phagosome of APCs, is a useful strategy to
activate T cells (25). We sought another strategy to further
enhance the T cell-stimulating activity of BCG, especially of
the ability to activate IFN-y-producing CD8™ T cells quickly
and strongly. To this end, we used heat shock protein 70
(HSP70) as a fusion partner (6, 10, 44, 45). The gene encoding
HSP70 of BCG was directly linked with that of MMP and
extrachromosomally transformed into BCG (BCG-70 M) (31).
BCG-70 M secreted the HSP70-MMP fusion protein (Fusion-
ML) and activated not only Ag-specific naive CD8™ T cells
polyclonally but also naive CD4™ T cells strongly (31). Further,
the secreted Fusion-ML protein activated DC in terms of phe-
notype and the production of cytokines such as interleukin-12
(IL-12) (31). Thus, the production and secretion of HSP70 in
phagosomes along with MMP-ML, using BCG as a vector,
seem to be effective in activating human naive CD8" T cells.
These observations led us to speculate that the use of MMP,
which is commonly present in pathogenic mycobacteria, or of
the HSP70-MMP fusion protein may be useful in inhibiting the
multiplication of M. fuberculosis. However, the MMP homol-
ogy between M. leprae and M. tuberculosis (MMP-MTB; gene
name, bfr4 or Rv1876) is 90.6% at the amino acid level. There-
fore, in this study, we purified M. leprae- or M. tuberculosis-
derived MMP and a fusion protein composed of HSP70 and M.
leprae- or M. tuberculosis-derived MMP by using M. smegmatis
and evaluated their immunostimulatory activities.

CLIN. VACCINE IMMUNOL.

MATERIALS AND METHODS

Preparation of cells and Ags. Peripheral blood was obtained from healthy,
purified protein derivative-positive individuals after informed consent was ob-
tained. In Japan, BCG vaccination is compulsory for children (0 to 4 years old).
Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll-Pague
Plus (Pharmacia, Uppsala, Sweden) and cryopreserved in liquid nitrogen until
use, as previously described (23). The viability of T cells obtained from cryopre-
served PBMCs was more than 90%, and no functional selection was induced in
either monocytes or T cells by the cryopreservation of PBMCs. For the prepa-
ration of peripheral monocytes, CD3* T cells were removed from either freshly
isolated heparinized blood or cryopreserved PBMCs using immunomagnetic
beuds coated with anti-CD3 monoclonal antibody (MAD; Dynabeads 450; Dynal
Biotech, Oslo, Norway). The CD3~ PBMC fraction was plated on collagen-
coated plates, and the non-plastic-adherent cells were removed by extensive
washing. The remaining adherent cells were used as monocytes (47). Monocyte-
derived DC were differentiated as described previously (23, 28). Briefly, mono-
cytes were cultured in the presence of 50 ng of recombinant granulocyte-mac-
rophage colony-stimulating factor (rGM-CSF; PeproTech EC Ltd., London,
England) and 10 ng of rlL-4 (PeproTech) per ml (28). On day 4 of culture,
immature DC (purity, 70%) were pulsed with recombinant protein and on day 6
of culture, DC were used for further analyses of surface Ag and for mixed-
lymphocyte assays. Macrophages were differentiated as described previously (24,
27). In brief, monocytes were cultured in the presence of 10 ng of tM-CSF (R&D
Systems, Inc., Minneapolis, MN) per ml. On day 5 of culture, macrophages were
pulsed with recombinant protein and on day 7 of culture, they were used for
further analyses of surface Ag and for mixed-lymphocyte assays.

Preparation of M. tuberculosis. M. muberculosis strains H37Ra and H37Rv,
which were originally purchased from the American Tissue Culture Collection,
were kindly donated by T. Yamazaki, National Institute of Infectious Diseases.
Both H37Ra and H37Rv were cultured in vitro using Middlebrook 7H9 broth
(BD Biosciences, San Jose, CA) supplemented with 0.05% Tween 80 and 10%
albumin-dextrose-catalase (BD Biosciences). The bacilli were grown to log phase
and stored at 108 CFU/ml at —80°C. Before the infection of DC and macro-
phages, H37Ra and H37Rv bacteria were counted by the colony assay method.

Construction of vectors for production of M. leprae- or M. tuberculosis-derived
recombinant MMP and HSP70-MMP fusion protein (Fusion-ML) or Fusion-
MTB. An Escherichia coli-Mycobacterium shuttle vector, pMV261 (43), was used
as a parent vector. To replace the kanamycin resistance gene with a hygromycin
resistance cassette, the Xbal-Nhel fragment from pYUBB854 (5) was cloned into
Spel-Nhel-digested plasmids. The resultant vector was a hygromycin-resistant
pMV261 vector, pMV261H. The acetamidase promoter was amplified from M.
smegmatis mc>155 genomic DNA. The primers used were F Pace Xba (5-TTA
ATC TAG AGA AGT GAC GCG GTC TCA AGC GTC-3' [underlining indi-
cates an Xbal site]) and R Pace Bam (5’-TTT AGG ATC CGT GGA CTC CCT
TTC TCT TA-3' [underlining indicates a BamHI site]). The Hsp60 promoter
region in pMV261H was replaced with the amplified PCR products, and the
resulting vector was named p2H Pace.

We inserted an N-terminally His-tagged gene sequence encoding MMP-ML,
MMP-MTB, HSP70-MMP-ML fusion (Fusion-ML), or HSP70-MMP-MTB
(Fusion-MTB) into the p2H Pace vector using the In-Fusion Advantage PCR
Cloning Kit (Clontech Laboratories, Inc.). Briefly, the linearized p2H Pace
vector for the In-Fusion reaction was prepared by PCR with F ter (5'-TAG TTA
ACT AGC GTA CGA T-3') and R Pace H6 (5'-GTG ATG GTG GTG ATG
GTG CAT GTG GAC TCC CTT TCT CTT AT-3'). PCR primers for inserts
were designed that share 15 bases of homology with the sequences at the ends of
linearized p2H Pace. These primers were used to amplify the insert DNAs for
MMP-ML, MMP-MTB, Fusion-ML, and Fusion-MTB. The resulting PCR prod-
ucts were combined with the linearized vector in the In-Fusion cloning reaction
and then transformed into E. coli. All clones was verified by sequencing.

Expression and purification of recombinant proteins in M. smegmatis. M.
smegmatis mc*155 was cultured in vitro using LB broth supplemented with 0.05%
Tyloxapol (Sigma-Aldrich, St. Louis, MO). Expression vectors were introduced
into M. smegmatis by electroporation (40). Transformants were selected on LB
agar (BD Biosciences, San Jose, CA) plates containing 50 pg/ml hygromycin.
The selected clone was grown in LB broth with 150 wg/mi hygromycin. During
the logarithmic phase, acetamide was added to the culture medium at a final
concentration of 0.2% (8). After an additional 16 h of culture, recombinant M.
smegmatis was centrifuged and resuspended in lysis buffer (50 mM sodium
phosphate, 300 mM NaCl, 3 M guanidine-HCI) containing proteinase inhibitor
and disrupted by sonication. The suspension was centrifuged at 27,000 < g for 15
min. The supernatant was further filtered through a 0.45-pm filter and used as
starting material. MMP-ML and MMP-MTB were purified by metal affinity
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