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TEMEL T MR IS 3 E 9 A MBI R+ PD-1 1, HURIE ML BIo 5
BT A8RMY o RTHD PD-L1/2 E&A LT, THIBOIEEZIEi4
BT FNE ARG ET S, U A L ASHIE R PD-1 BB TEME
fbEhn &, BERATMEOBENEES N, BEOEBMEIICENRD Z &0
HWESNTWD, £ 2T, BHERYEE 5 &k - IS 5 BRIk
i7 % PD-1 B DB LI HOWTH, EF~U XL PD-1 RE~ U ATHE
BARlSH- L 2 A, FE~ 7 ACHAT PD-1 RIE~ U AL E R
WP U CREEZME R L, FLOVEBOEMIICBW TR b, £,
Y12 0 PD-1 K4B~ 7 A DO ClE TNF-ar. IL-6. IFN—y72 & DAY A T
HARBETBENA CEADOTLEEL, v a7y — USROS L
7= RIEAMAOZE 7221, B L OB A L) IRE e RIEMRAENBE SN,
IO OREREMNS, PD-1 A L mblE > 7V BERE L7 & | RS RS
Yutl O CIRR A KR UGN A S, B LB OB 2 It E e <
BT ERELNE o, ZOERKICOWTHIT LIZER, EHF~vU AL
PD-1 KIE~ T AD~ 7 17 7 — VBRSO E B OMICREL T 5
CDS" T MR D FSHEIZIZEA &2 BUVIIRRO b -7-, Ll PD-1
RIB~ 7 ADOITIL FE BRI IRN-yEEARE A 3 D HUREF R CD4' T
IR OO R 70 N ANERD B LT, F 2T, RAG2 KB~ 7 AZIEF 8 LU PD-1
RIE~ 7 AHFEO DA’ THIfRA B A LT-1h, ERLZRRSE T, 2%
AR E I U=, FOFEE. PD-1 KiE~ D A0 CD4" T Miflga B A LT~
v AR S RIS T A D AR ENTE, 0 LR IS HL TFN-y
VA ZRET 52 L1250 PD-1 KIE~ U ADI TR LI - B O E R 7248
INASENH] S L, BIERSCRE G OWENRD v/, L EOFERN | PD-1
R T FE R B R BT X U5 CDAY T IR OO R BE 4 i EE LA L. A )
RRERISEBERBZERVWEIIETHLDICEERERIZR-L TS
ZENHLMNE RS T,

HHY MiE s 3RS 5, D720,

Y 34
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ZOFEF RNV KN THEF LT 5,
D%, BEEOEBENE T 5 & EILH
CHEFEZ X U, EEERIET 5, —77.
EEEINEYE U218 1T, BUR R R Th
A CD4" T A R & IR ISR 2

W% 2D L EOMEBEARETCE LXK 9D
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T OHHE IR A BN BT RS
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R —IRT B0+ E LTP-IBRIESH
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B2 T RThHD PD-L1 BIL PD-L2
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YL EER TIE PD-L1 O3RN L5745 i
3 AT B LAREIZ PD-1 BB M E AL & U, BCG
(X9 B YRS T AR OMEBE NS FHE X
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VL HIV, BRIFFR T ANV A, CHBIFFR T A L
AL LCMV 72 E D o A JL ARG FEER T PD-1
IV BT A Z I LV IEED
AR N TLE T 5 Z L3R 6TV
Do INDHOFERMG, PD-1 R¥E~ 7 A%
EFE~TALD & REGEBHEREN TR Z &2
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BERRGRIZ LTRSS 2 oR" 32 & b
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FRREE 2 0 5 MO REMSNFE SN T
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FHEPUR & FACS THEMT L7~

YA MIALEBIORTrEhA VEARE
FER R IR I IEH B L OVPD-1 &
B~y AOMEBRERL, ATV R— FE2E
Wiz, FEDR— DROEMEY A R A
V&% ELISA TRIE L7z, F7-. Bsgik
FEEVCERER L 72/ L0 RNA 2R L. &7
TENA L OFBEE real time RT-PCR T
fEMT LTz, S 61T, B~ v 2Ok
HPURFFRM Thl B T MO s 2 T8~ %
Tedh, FREEBRREERNC L D T ffE % [EY
L. JURIR RAAE & i B2 7 F N
JR TR LT, &%, BEPICEESH
% IFN-y&% ELISA CTHIE L7z, F 7=, IFN—y
FEAEAARL DR E B & FACS Tt L 72,
~ 707 7 — VOB

IE® ¥ L OPD-1 R~ T 2 L0 BRE/a
ZEHELL M-CSF TR L CBHi~o 27 7
— NIk s, v/ a7y —UkEIN
L. IFNYYFE T & D WIZFETEAE T CHEE%
(CRERZ T 2 e S, JRYRES L R 4 A
BOMBANERE -, T, FEEER
Qi lZ BN S ot EIEF OREY A -
AL TEIAVBION EAELBIE
L7,
T AR A 5268
EEFBIUP-1 KB~ AD MK L Y
CD3" T, CD4' T B LN CD8' T Mm% IR L .
RAG2 R~ U ANZERARINTES L 7=, F D%,
ARSI, ~ T ADEFES
BELE,

PLik & FVv 72 IFN—yHR o5
EFBLUPD-1 KB~ T A HEE R
B X, BRY 2—4 BRI FiEE A
BT HP0 IFNYIUIR 2 §FARIES L. Z D% D
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ARz ERE L., fNAEEEK, v~ 7>
7 UBIOHFFERAEII U &5 REME
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PD-1 KB~ AOMi Tl 21 B B LA
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B~ A TIEPD-1 R~V ATRLNLDE
LWRTER G EERD b e, Y 3 B LA
MO OHMIE A HIETE 5 2 &R E T,
F7-. EHE~ T AB¥ETHIE EO PD-1 OF
B % 17-21 A BIZERO B,
I-A* B EHTRSR R AL B o> PD-L1 DFEHIL
FYe 21 B HURRICEM L, S6i2, B
<7 AL PD-1 R~ 7 AW TG 3
B LABT O N BB & 222 E N 2 2
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ET A, EWm~ 7 AL PD-1 K~ T A
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— VL PD-1KRE~ I 0Ty — UORIZEN
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LM, PD-1 RE~7 w77 — b IFN-yHf
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T MIfEE RE D LLER

ER R 3 W% OTER I L UPD-1 K38
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TB10. 4/H-2K* Z A3 W\ CTHEMT L 7= i B .

TB10. 4 RFHEHY IFN-yEEAME CD8 T MR LIE
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W BTz, —F . ESAT6 ,/I-A" 5 Ry
IFN-yEEAEME CD4" T AlfaZ 3t o PD-1
KB~ AORTHLMIHEML TS Z
LR ENT, T DRERNL, PD-1 K
B~ A0 CTHE SN A L WRIER G
OFEA., PURERM CD4' T MARIZ X5 AT
BEMEDNRENT-, T2 T, EFB IV PD-1
KB~ ALY CD4" THfEZEUL L, RAG2
KB~ T ABA L, Tk~ T AT
B A R S, 120 B OEFRE B L
7. FORER. LIy N THDRAG2 K
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EH CDA' THpRZRB A Uiz~ U AL AE
FELi, —J., PD-1 RiE~ 7 AD CD4" T #l
aB AL~ AT THELE, 20
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FURZMBI LT A bhA v BEET HEE
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fa L VLB 0 15 B ENCRE O o e 2

DoRENTZ, FIZ T, BRI AR
IFN-yIZ6f 9~ B bk 2 & 5 L, g% o
& LB e DA DWW TR LT, %
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HERHRBECRERERPIT 707 7 = VICHERSINLY, ZOMBNSREE2 R L THlan
TS5, 72, SRS OMIAIES L U 7 F IV EERR 2B+ AZ & T, FoMpE
R EEMBICE L2 b0 TARNEA L, BIEHEGEICER L TRRBRET R S¢5. —F,
AR A RS U 7208 TS 3-4 BB I IR ORI M SR AN & o, ERIC A S N A B 0TI
Wronsd, LaL, #EECHLCBRR2EESEPFLsNGEI0E, EEASIBEsh, &%
SEIFE RO ENS, SO X ), BT AR TSR AEIEE R EYICHET A Z L
BELERE LA,

1. BfifRICL 2 2P L BREZICEDEY

<717 7 — TR (dendritic cell: DC) XM T O toll-like receptor (TLR) 4 L THIZH % ik
95 (E1). TLR2 ZHEBHE ) RE KK Td 5 lipoarabinomannan (LAM) % phosphatidylinositol-
mannoside (PIM), $»5VMIEVRF VS BT 5. T/, SEEEETIITIRI B LU TLRO BH B iE
HALTHZ s, TNHLET =N THI)H Y FAFEETAIEDFRENTWAS., HIZ, CF4 7L
7 F ¥ T 5 dectin—1 % mincle, FIZHIHE H N D nucleotide~binding oligomerization domain 2 (NOD2) A%
BEHOBALZEAT AL Y- LTEL. IS LETI—DobnTrFriivwra 7y —I2DC
BEELL, TRIP=VARF = 77 V—2FilTAH. T2 HHBRERA V792V —2BREN
Lich A= 1 OFEMALEFHET D, ORE, BAESKLRERYA NI rRreh 4 I3RS
Fr~OgREMMROB R, WFERKICHES S5,

2. FCE T % THRAOHERR

@A L2 RALHE 207 77—, BB Y 3SHICBET 28D83MEW. o
D THME~OHERRIZIE, BRBHTELINLFED [ Y REHERY A I 24 Y ICE BB ST ADC
PLEIRS(R2). —7F, FEHRERE I 707y —VOURFL L MEAZFEL, Uiy sy
VUEBEETHEITS Zokd, Berurr—Y0Ibary Py 7THEMEESH, HIlaNRr o
— AWK, HOWMMAEHTREEL LAY THIW L CREHROBETIZY BE S v M EEPHLX
N, BEMRTIE TR b~ ARMNERLSh, FHoMBIHESLSE ZOBOBHEEICH
B 7R ORI BRI O X h = XA, BEEIRBER R XA OB ETHL EELD
na.
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AP-1: activator protein 1, ASC: apoptosis—associated speck-like protein containing a CARD, Bcl: B cell lymphoma, CARD: caspase recruitment domain,
ERK: extracellular signal-regulated kinase, I«B: inhibitor of xB, IKK: I«B kinase, IRAK: IL-1R-associated kinase, IRF: interferon regulatory factor, JNK: c-
jun N-terminal kinase, MALT: mucosa-associated lymphoid tissue, MAPK: mitogen—activated protein kinase, MKK: MAPK kinase, MyD88: myeloid differentia-
tion primary response gene 88, NEMO: NF-«B essential modifier, NF-«B: nuclear factor kappa B, NLRP: NOD like receptor family, pyrin domain containing
protein, OPN: osteopontin, RICK: RIP-like interacting caspase-like apoptosis regulatory protein kinase, RIP: receptor—interacting protein, Syk: spleen tyrosine
Kkinase, TAB: TAK1-binding protein, TAK: transforming growth factor S-activated kinase, TIRAP: TIR domain—containing adapter protein, TRAF: TNFR-associ-
ated factor, TRAM: TRIF -related adapter molecule, TRIF: TIR-containing adapter inducing IFNS.
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3. MERENTHRSE

CDA* THUEZ B AR % %), programmed death—17(PD~-1%) killer cell lectin-like receptor G1~
(KLRG™) CD4* THIBZ b3 5. HIZIL-12 % IL-27 O 2% %4 5 &£ PD~1"" KLRG" CD4* T
NS A% (3). PD-1" KLRG* CD4* THUEIZM A 4 M A 4 VEERERTHD, THRI—V
A T AT THARED MR, 0, SIS BIIE I ST A THIBASRA Lo &icid, e
BTC IL-23 R IL-17 WA DS L, I ERO B & i S BUS 2 4F 5 Th17 B o ErEEsh s,
L7dss T, S S HEGERE CD4* THIR (Th1/Thl?) @735 ¥ A% 0 Z & 2SR o i o 8
Wb,

F 7 BT BRI CDAT T I LY B 2 AR5k 2 AT 4 D B4 A S35 2 L ath
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The etiology, clinical manifestations, and treatment of 19 sporadic cases of Buruli ulcer (BU) in Japan are
described. The cases originated in different regions of Honshu Island, with no evidence of patient contact with
an aquatic environment. The majority (73.7%) of cases occurred in females, with an average age of 39.1 years
for females and 56.8 years for males. All patients developed ulcers on exposed areas of the skin (e.g., face,
extremities). Most ulcers were <5 cm in diameter (category I), except in one severe progressive case (category
II). Pain was absent in 10 of the 19 cases. Fourteen ulcers were surgically excised, and nine patients needed skin
grafting. All cases were treated with various antibiotic regimens, with no reported recurrences as of March
2011. Mycobacterium ulcerans-specific 1S2404 was detected in all cases. Ten isolates had identical 16S rRNA
gene sequences, which were similar to those of M. ulcerans. However, the rpoB gene showed a closer resemblance
to Mycobacterium marinum or Mycobacterium pseudoshottsii. PCR identified pMUMO001 in all isolates but failed
to detect one marker. DNA-DNA hybridization misidentified all isolates as M. marinum. The drug susceptibility
profile of the isolates also differed from that of M. ulcerans. Sequence analysis revealed “Mycobacterium ulcerans
subsp. shinshuense” as the etiologic agent of BU in Japan. Clinical manifestations were comparable to those of
M. ulcerans but differed as follows: (i) cases were not concentrated in a particular area; (ii) there was no
suspected connection to an aquatic environment; (iii) drug susceptibility was different; and (iv) bacteriological

features were different.

Buruli ulcer (BU) was first reported in 1935 as a series of
unusual painless ulcers in a patient from southeast Australia
(2). Thirteen years after the first report, the etiological agent of
the ulcer was determined to be Mycobacterium ulcerans, a
previously unknown mycobacterium (5, 14). During the 1960s,
many M. ulcerans infections were reported in Uganda, espe-
cially in Buruli County, for which this disease was eventually
named (3, 32). It is a necrotizing disease of the skin that mostly
affects children, producing massive ulcers and permanent, dis-
abling scars. At present, the disease is found primarily in West
and Central Africa and in humid tropical areas: BU has been
reported in 32 countries, and M. ulcerans infection is the third
most common mycobacterial infection, after tuberculosis and
leprosy. Treatment of progressive cases is difficult and gener-
ally requires surgery, usually accompanied by skin grafting and
prolonged courses of antibiotics (21, 34).

The first reported case of BU in Japan occurred in 1980 in
a 19-year-old woman who had never been abroad (15). The
causative agent was isolated and classified as “Mycobacterium
ulcerans subsp. shinshuense” because it was closely related to
M. ulcerans (31). The disease was not seen again until a 37-
year-old woman was affected in 2003 (10). The number of cases
increased gradually, until 19 cases had been detected by
December 2010 (K. Nakanaga, Y. Hoshino, and N. Ishii, pre-
sented at the WHO Annual Meeting on Buruli Ulcer, Geneva,
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Switzerland, 22 to 24 March 2010). We conducted a compre-
hensive study using these 19 clinical samples and/or isolated
bacteria. Etiology, differential diagnosis, clinical manifesta-
tions, and treatments are discussed in this report.

(The preliminary results. of this study were presented by
K.N.and R. R. Y. in the WHO Annual Meeting on Buruli
Ulcer, Geneva, Switzerland, 28 to 30 March 2011.)

MATERIALS AND METHODS

Patients. The research protocol was approved by the institutional review board
of the National Institute of Infectious Diseases, Japan. The BU diagnostic cri-
teria were established prior to this study. The primary characteristic was the
presence of a clinical lesion, which usually started as a painless subcutancous
nodule, and which secondarily ulcerated with characteristic undermined edges.
Other preulcerative forms consisted of papules affecting only the skin, plaques
(large, firm, painless, and raised lesions), and edema (a severe form of the
disease). Apart from the clinical lesions, at least one of the following criteria
must be included for a diagnosis of BU: (i) detection of acid-fast bacilli in a
smear from a swab or a biopsy specimen after Ziehl-Neelsen staining, (ii) growth
on 7H11 or Ogawa medium, (iii) histopathological confirmation, or (iv) PCR
amplification of 12404, an M. ulcerans-specific repetitive element. This article is
a summary of all BU cases diagnosed to date in Japan. Some have already been
published elsewhere as case reports in Japanese and/or English (6, 7, 10, 12, 16,
28, 35).

PCR, sequencing, and phylogenetic analyses. All PCRs targeting 152404 (18)
were performed on extracted DNA from one or more of the following: fresh skin
biopsy specimens, a thin section of formalin-fixed, paraffin-embedded skin, and
bacteria isolated from a skin lesion. Briefly, the PCR product, amplified using
forward primer PU4F and reverse primer PU7Rbio (Table 1), was electropho-
resed on a 2% agarose gel and was stained with ethidium bromide.

The sequences of the internal transcribed spacer between the 16S and 23S
rRNA genes (ITS region) and of the 16S rRNA, rpoB, and hsp65 genes were
analyzed with the primers listed in Table 1. Amplified PCR products (sizes shown
in Table 1) were directly sequenced using the ABI Prism 310 PCR genetic
analyzer (Applied Biosystems, Foster City, CA) (16). Sequences were obtained
for 1,475- or 1,478-bp (16S rRNA gene), 272-bp (ITS region), 315-bp (rpeB), and
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TABLE 1. Primer sequences

Primer Sequence (5'-3") PCR target (fragment size [bp]) Reference
PU4F GCGCAGATCAACTICGCGGT 182404 (154) 18
PU7Rbio GCCCGATTGGTGCTCGGTCA
8F165 AGAGTTTGATCCTGGCTCAG 165 rRNA gene (1,515 or 1,518) 24
1047R16S TGCACACAGGCCACAAGGGA
830F165 GTGTGGGTTTCCTTCCTTGG
1542R16S AAGGAGGTGATCCAGCCGCA
ITSE TTGTACACACCGCCCGTC 168~238 ITS region {ca. 340) 23
ITSR TCTCGATGCCAAGGCATCCACC
MF CGACCACTTCGGCAACCG moB (341) 11
MR TCGATCGGGCACATCCGG
TBI1 ACCAACGATGGTGTGTCCAT hsp63 (441) 30
TB12 CTTGTCGAACCGCATACCCT
RepAF CTACGAGCTGGTCAGCAATG repd in pMUMO01 (413) 26
RepAR ATCGACGCTCGCTACTTCTG
ParAF GCAAGCTGGGCAATGTTTAT puard in pMUMO0L (501) 26
ParAR GTCCGGTCCTTGATAGGTCA
MUPIIF ACCACCCAAGAGTGGAACTG Serine/threonine protein kinase in pMUMO0L (479) 26
MUP1IR TGTCGTGTCGAGGTATGTGG
MLSloadF GGGCAATCGTCCTCACTG mis load in pMUMO01 (560) 26
MLSloadR CAAGGGCAGTCTTGATTAGG
MLSATUDF AACGTTGAATCCCGTTTITG misAT(IT) in pMUMU01 (504) 26
MLSAT({IHR GCACCACAAAGGAACGTCTAA
TENF ATTCAAACGGATGCGAACTG Type I1 thioesterase in pMUMO01 (500) 26
TEHR ACATTGCTGGACAAACGACA
MUPO45F CAGCAAGTAACGGTGGAACA Type 11 ketosynthase in pMUMOOL (496) 26
MUPO45R ACGTGGCCCATTTGTCITAG
P450F CCCACCTCGTCGTTAGTCAT P450 in pMUMO01 (500) 26
P430R GTGCTCGGTGATCCAGAAGT
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FIG. 1. Distribution of BU patieats in Japan. Most of the patients lived in a typical temperate region, and all lived on the island of Honshu.

The two plus signs on the map indicate 38°N, 140°E, and 31°N, 130°60'E, placing most of the island in the temperate zone.
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