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multibacillary cases. Although there has been little standard moni-
toring of clinical outcomes and relapse rates, accurate diagnosis of
relapse requires clinical. bacteriological and histopathological
evidence.”’

Rifampicin is an effective bactericidal agent against M. Jleprae.
Within a few days of administrating a single 600-mg dose to multi-
bacillary patients, the bacilli are no longer viable when inoculated
into mouse footpads.”” DDS is bacteriostatic or weakly bactericidal
against M. leprae and was the mainstay leprosy treatment for many
years until widespread resistant strains appeared. CLF binds prefer-
entially to mycobacterial DNA and exerts a slow bactericidal effect
on M. leprae by inhibiting mycobacterial growth. Skin discoloration
ranging from red to black, is one of the most troublesome side-
effects of CLF, although the pigmentation fades slowly in most
cases after withdrawal. A characteristic ichthyosis is also some
times evident. Other effective chemotherapeutic agents against
M. leprae include ofloxacin (OFLX), minocycline (MINO), levofloxacin
(LVFX), sparfloxacin (SPFX), moxifloxacin (MFLX) and clarithromycin
(CAM).7*

As with most chemotherapies, drug-resistant strains are becom-
ing a problem in leprosy, which is a potential threat to the success
of current leprosy control efforts. Dapsone resistance is associated

with missense mutations in the folP7 gene encoding dihydroptero-
ate synthase.”*"* Resistance to RFP is induced by a mutation in
poB, which encodes DNA-dependent RNA polymerase sub-
unit-b.”> PCR analysis can provide a simple assessment for possi-
ble susceptibility to these drugs.”>"*

LEPRA REACTIONS

Lepra reactions (or reactional states) are acute inflammatory compli-
cations that occur in treated or untreated leprosy and often present
as medical emergencies. There are two major clinical types of lepra
reactions that affect 30-50% of all leprosy patients.”®"® Severe
inflammation associated with these reactions results in nerve injury
accompanied by subsequent loss of sensation, paralysis and defar-
mity. The different types of reactions appear to have different under-
lying immunological mechanisms; however, the factors that initiate
them are unknown.

Reversal reactions (type 1 reactions) manifest as erythema and
edema of dermal lesions and tender peripheral nerves with rapid
loss of nerve function. It generally occurs during the first several
months of treatment, and occasionally after MDT is completed.”®#°
Treatment is aimed at controlling acute inflammation, easing pain.

Figure 5. Leprosy with peripheral nerve damage. Swelling of the great auricular nerve (a), facial nerve paralysis (b). dropped wrist, clawed fingers
with stiff joints due to ulnar and median nerve damage (c), and foot ulceration due to loss of sensation (d).
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reversing nerve and eye damage, and reassuring the patient. Stan-
dard courses of corticosteroids have been used to treat patients for
several weeks to months. Erythema nodosum leprosum (ENL or
type 2 reactions) occurs in lepromatous and borderline lepromatous
patients with higher bacterial loads in their lesions.®* ENL can begin
during the first or second year of treatment. Patients are febrile with
skin nodules accompanied by iritis. neuritis, lymphadenitis, orchiitis,
bone pain, dactylitis, arthritis, and proteinuria that is difficult to
treat.®? CLF has an anti-inflammatory effect on ENL. and thalido-
mide is better than steroids in controlling ENL, although thalidomide
is not available in many countries because of its teratogenic
effects.®® The use of monoclonal antibadies or inhibitors of TNF-2,
as used in rheumatoid arthritis, Crohn’s disease and psoriasis,
seems to be a logical choice for treatment, but more evidence is
needed.®

DISABILITY AND STIGMA

Leprosy is a leading cause of permanent physical disability
among communicable diseases. The disease and its associated
deformities have been responsible for social stigmatization and
discrimination against patients and their families in many socie-
ties. If unchecked, the disease gradually spreads over the entire
body, aftacks the soft tissue of the nose and throat, impairs
vision and damages the nervous system. The morbidity and dis-
ability associated with leprosy are secondary to nerve damage
(Fig. 5). Ultimately, the extremities become deformed and para-
lyzed, and may fall off after repeated but unperceived injuries.
Therefore, timely diagnosis and treatment of the patient, before
nerve damage has occurred, is extremely important in preventing
disabilities. Management of lepra reactions and neuritis is also
effective in preventing or minimizing the development of further
disabilities.

The occurrence of leprosy in families has led to the misinterpreta-
tion that the disease is hereditary. The progressive symptoms and
sometimes lethal secondary infections probably led to the assump-
tion that patients are beyond medical support and that death is
inevitable. In many societies, public stigmatization and exclusion
coexist, and in some countries, the stigma is promoted by legisla-
tion against leprosy patients.?® The accumulation of misnomers and
misunderstandings have triggered unreasonable reactions in peo-
ple, which have been difficult to overcome.

Self-awareness is crucial if the patient is to minimize damage.
Treatment and/or surgical management, including reconstructions,
should be provided for ulcers, and it is important that the patient
understand the need for daily self-care and inspection for
trauma.®8®7 Protective footwear and other tools are available to help
patients improve their abilities and quality of life.®® Community-
based rehabilitation programs and other socioeconomic rehabilita-
tion are required to support patients and families.®°

CONCLUSIONS AND FUTURE PERSPECTIVES

Leprosy has affected humans for millennia. However, the MDT regi-
men recommended by the WHO has had a significant impact in
reducing the global burden of leprosy, and research activities have

© 2011 Japanese Dermatological Association
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led to increased knowledge of M. leprae genomic structure and host
responses. Health-care workers and researchers should continue to
support the intensive implementation of the elimination strategy and
address issues related to the detection of M. leprae-infected individ-
uals as a matter of urgency. Sustained quality patient care that is
equitably distributed, affordable and easily accessible is still
needed. A goal of the WHO is to bring institutional and management
changes that strengthen the operational capacity of leprosy control
programs. Improvement is needed in efforts to provide appropriate
information to societies, dermatologists and patients. M. leprae is a
very unigue microorganism. It is expected that basic research for
leprosy can be sustained.
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Mycobacterium leprae (M. leprae), the causative agent of leprosy, parasitizes within the foamy or enlarged
phagosome of macrophages where rich lipids accumulate. Although the mechanisms for lipid accumu-
lation in the phagosome have been clarified, it is still unclear how such large amounts of lipids escape
degradation. To further explore underlying mechanisms involved in lipid catabolism in M. leprae-infected
host cells, we examined the expression of hormone-sensitive lipase (HSL), a key enzyme in fatty acid
mobilization and lipolysis, in human macrophage THP-1 cells. We found that infection by live M. leprae
significantly suppressed HSL expression levels. This suppression was not observed with dead M. leprae or
latex beads. Macrophage activation by peptidoglycan (PGN), the ligand for toll-like receptor 2 (TLR2),
increased HSL expression; however, live M. leprae suppressed this increase. HSL expression was abolished
in the slit-skin smear specimens from patients with lepromatous and borderline leprosy. In addition, the
recovery of HSL expression was observed in patients who experienced a lepra reaction, which is a cell-
mediated, delayed-type hypersensitivity immune response, or in patients who were successfully treated
with multi-drug therapy. These results suggest that M. leprae suppresses lipid degradation through
inhibition of HSL expression, and that the monitoring of HSL mRNA levels in slit-skin smear specimens

may be a useful indicator of patient prognosis.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Leprosy is a chronic infectious disease caused by Mycobacterium
leprae (M. leprae). Although its prevalence has declined over the last
several decades due to the introduction of multi-drug therapy
(MDT), leprosy still remains a major public health problem in many
developing countries. In 2009, 244,796 new cases were registered
worldwide [1]. M. leprae is a typical intracellular pathogen that
parasitizes tissue macrophages (histiocytes) and Schwann cells of
the peripheral nerves of the dermis. In 1966 Ridley and Jopling used
clinical, histological and immunological criteria to classify leprosy
patients across the spectrum, and suggested five member groups:
Tuberculoid (TT), Borderline Tuberculoid (BT), Borderline (BB),
Borderline Lepromatous (BL) and Lepromatous (LL) {2]. Leproma-~
tous leprosy is a stable condition (patient status does not shift from

* Corresponding author. Laboratory of Molecular Diagnostics, Department of
Mycobacteriology, Leprosy Research Center, National Institute of Infectious
Diseases, 4-2-1 Acoba-cho, Higashimurayama, Tokyo 189-0002, Japan. Tel.: +81 42
391 8211; fax: +81 42 394 9092.

E-mail address: koichis@nih.gojp (K. Suzuki).

0882-4010/$ — see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.micpath.2012.02.003

these polar positions), while borderline lepromatous leprosy is
immunologically unstable. Lepromatous leprosy is characterized by
widespread skin lesions that form due to an impaired cellular
immune response. The lesions consist of numerous bacilli that live
in the foamy or enlarged lipid-filled phagosome within macro-
phages. Although lipid-laden macrophages are observed in other
mycobacterial infections, including tuberculosis [3,4], the amount
of lipid and the number of infected macrophages are most prom-
inent in cases of lepromatous leprosy.

The PAT protein family is named after perilipin, adipophilin/
adipose differentiation-related protein (ADRP) and the tail-
interacting protein of 47 kDa (TIP47). Members of the PAT family
are responsible for lipid transportation and lipid droplet formation
in a variety of tissues and cultured cell lines, including adipocytes
[5—8]. We previously reported that ADRP and perilipin play
important roles in lipid accumulation in M. leprae-infected
macrophages [9]. ADRP and perilipin localized to the phagosomal
membrane of histiocytes, which contained numerous M. leprae, in
the skin lesions of patients with lepromatous leprosy. M. leprae
infection increased mRNA and protein expression of ADRP and
perilipin in cultured human THP-1 monocytes. The results
suggested that ADRP and perilipin contribute to the creation of
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a lipid-rich environment that is favorable for M. leprae parasitiza~
tion and survival in the host.

However, accumulated lipids are supposed to undergo degra-
dation and reutilization by cells over time. In fact, fatty acids
mobilized from stored triacylglycerols (TAG) are a major energy
source in humans. Mobilization occurs through the consecutive
action of three lipases: adipose triglyceride lipase (ATGL), mono-
acylglycerol lipase (MGL) and hormone-sensitive lipase (HSL) [10].
Among these, HSL was the first enzyme identified in the induction
of lipo-catabolic action initiated by hormones and is the predomi-
nant lipase effector of catecholamine-stimulated lipolysis in
adipocytes [11]. Therefore, ADRP/perilipin and HSL have opposing
functions, ie. lipid accurnulation vs. its degradation. In addition to
adipocytes, HSL is expressed in the cytoplasm of macrophages,
pancreatic P cells, skeletal muscle cells, steroid producing cells, the
intestine, and spleen [10]. HSL serine residues are phosphorylated
by enzymes such as protein kinase A (PKA), 5 AMP-activated
protein kinase (AMPK) and mitogen-activated protein kinase
(MAPK) to regulate the process of hormone-induced lipolysis [11].

To date, the molecular mechanism(s) that allows the phagosome
of M. leprae-infected macrophages to escape lipolytic activities is
not known. In this study, we investigate the expression and phos-
phorylation of HSL in M. leprae-infected cultured macrophages. We
also examine clinical samples from leprosy patients and explore the
impact of M. leprae on lipid metabolism in infected host cells.

2. Materials and methods
2.1. M. leprae isolation and cell culture

Hypertensive nude rats (SHR/NCrj-rnu), in which the Thai53
strain of M. leprae was actively grown [12,13], were kindly provided
by Dr. Y. Yogi of the Leprosy Research Center, National Institute of
Infectious Diseases, Japan. M. leprae was isolated as previously
described [14,15]. The human premonocytic cell line THP-1 was
obtained from the American Type Culture Collection (ATCC; Man-
assas, VA). The cells were cultured in 10 cm tissue culture dishes in
RPMI medium supplemented with 10% charcoal-treated fetal
bovine serum (FBS), 2% non-essential amino acids and 50 mg/ml
penicillin/streptomycin at 37 °C in 5% CO; [9,16]. Typically, 3 x 107
bacilli were added to 3 x 10% THP-1 cells, for a multiplicity of
infection (MOI) of 10. Peptidoglycan (PGN) and lipopolysaccharide
(LPS) were purchased from Sigma (St Louis, MO) and added at final
concentrations of 2 ug/ml and 1 g/ml, respectively. TLR2 antibody
(sc-21759; Santa Cruz Biotechnology, Santa Cruz, CA) was used at
a final concentration of 5 pg/ml.

2.2. Immunohistochemistry and lipid staining

THP-1 cells were grown on glass coverslips in 24-well plates for
24 h before the culture medium was exchanged with RPMI 1640
containing M. leprae. Control and M. leprae-infected THP-1 cells
were fixed in 10% paraformaldehyde for 10 min. They were then
washed with Dulbecco’s phosphate buffered saline (DPBS) con-
taining 0.4% Triton-X 100 (DPBST), incubated with anti-HSL anti-
body (Cell Signaling Technology, Danvers, MA) diluted to 1:100 for
24 h at 4 °C and washed again with DPBST. The signal was detected
using peroxidase-labeled streptavidin-biotin (LSAB2 Kit; DAKO,
Carpinteria, CA) and 3,3-diaminobenzidine tetrahydrochloride
(DAB) [9]. Cells were counterstained with methylene blue. Lipid
staining was performed with oil red O (Muto Pure Chemicals,
Tokyo, Japan) for 10 min, and counterstained with hematoxylin for
another 5 min.

2.3. RNA preparation and RT-PCR

RNA from cultured cells was prepared using RNeasy Mini Kits
(Qiagen Inc., Valencia, CA) as described previously [9,16]. RNA prep-
aration from slit-skin smear samples was performed as described [9].
Briefly, stainless steel blades (Feather Safety Razor Co., LTD, Osaka,
Japan)used to obtain slit-skin smear specimens were rinsed in 1 m} of
sterile 70% ethanol, then the tube was and centrifuged at 20,000 x g
for 1 min at 4 °C. After removing the supernatant, RNA was purified
with the same protocol used for cultured cells. RNA was eluted in
20 yl of elution buffer and treated with 0.1 U/ul of DNase I (TaKaRa
Bio, Kyoto, Japan) at 37 °C for 60 min in order to degrade any
contaminating genomic DNA. RNA concentration and purity were
assessed using a NanoVue spectrophotometer (GE Healthcare, Little
Chalfont, UK). Total RNA from each sample was reverse-transcribed
to cDNA using a High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA) [9]. The following primers were
used to amplify specific c¢DNAs: HSL: 5-CTCCTCATGGCT-
CAACTCCTTCC-3' (forward) and 5-AGGGGTTCTTGACTATGGGTG-3’
(reverse); ADRP: 5-TGTGGAGAAGACCAAGTCTGTG-3' (forward) and
5'-GCTTCTGAACCAGATCAAATCC-3' (reverse); and actin: 5'-AGC-
CATGTACGTAGCCATCC-3' (forward) and 5'-TGTGGTGGTGAAGCTG-
TAGC-3' (reverse). Touchdown PCR was performed using a PCR
thermal cycler DICE (TaKaRa Bio) as previously described [9]. The
products were analyzed by 2% agarose gel electrophoresis.

Slit-skin smear samples from leprosy patients were used
according to the guidelines approved by the National Institute of
Infectious Diseases, Tokyo, Japan.

2.4. Protein preparation and Western blot analysis

Cellular protein was extracted and analyzed as previously
described [9,17]. Briefly, cells were lysed in a lysis buffer containing
50 mm HEPES, 150 mm NaCl, 5 mm EDTA, 0.1% NP40, 20% glycerol,
and protease inhibitor cocktail (Complete Mini, Roche, Indianapolis,
IN) for 1 h. After centrifugation, the supernatant was transferred
and 10 pg of protein was used for analysis. Samples were heated in
SDS sample loading buffer at 95 °C for 5 min and loaded on
a polyacrylamide gel. After electrophoresis, proteins were trans-
ferred to a PVDF membrane using a semi-dry blotting apparatus
(Bio-Rad, Hercules, CA). The membrane was washed with PBST (PBS
with 0.1% Tween 20), blocked in blocking buffer (PBST containing
5% nonfat milk) overnight, and then incubated with either anti-HSL,
anti-phospho-HSL (Ser®®?) or anti-phospho-HSL (Ser*®®) antibody
(Cell Signaling Technology, 1:2000 dilution). After washing with
PBST, the membrane was incubated for 1 h with biotinylated
donkey anti-rabbit antibody (GE Healthcare, 1:2000 dilution) and
streptavidin-HRP (GE Healthcare, 1:10,000 dilution) according to
the manufacturer’s protocol. The signal was developed using ECL
Plus Reagent (GE Healthcare).

3. Results

3.1. HSL expression is suppressed in macrophages infected with
M. leprae

To confirm the possible relationship between lipid accumulation
and HSL expression in macrophage, we infected M. leprae in THP-1
cells and performed oil red O staining and HSL and ADRP immu-
nostaining. Lipid droplets were not evident in control THP-1 cells
(Fig. 1A), but accumulation was clearly demonstrated in cells 24 h
after M. leprae infection (Fig. 1B). ADRP expression, which contrib-
utes to lipid intake, was not evident in control cells, but was
significantly increased following M. leprae infection as previously
reported (Fig. 1C and D, respectively) [9]. Conversely, HSL expression
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Fig. 1. HSL expression in macrophages is reduced by M, leprae infection. THP-1 cells grown on glass coverslips in 24-well plates for 24 h were used as a control or were infected with
M. leprae for 24 h, then subjected to oil red O staining (A and B), ADRP immunostaining (C and D) or HSL immunostaining (E and F). Bars = 10 pm.

was clearly visible in the control THP-1 cells before infection, but it
was significantly reduced by 24 h after M. leprae infection (Fig. 1E
and F). Overall, oil red O staining was detected in 14.8% (9/61) of
control THP-1 cells, whereas the percentage of M. leprae-infected
cells increased to 91.7% (89/97). Similarly, only 16.9% (12/71) of cells
were weakly immunostained with ADRP, but 88.2% (90/102) were
strongly stained following infection. HSL-positive cells were
observed in 80.3% (53/66) of control cells, but in only 7.2% (6/83)
following M. leprae infection. These results suggested that the
lipolytic pathway is constitutively activated in the control THP-1
cells, as evidenced by strong HSL staining; however, it was signifi-
cantly suppressed by M. leprae infection, which in turn would reduce
lipolysis in infected cells and maintain cellular lipids.

3.2. Only live M. leprae suppresses HSL expression

We next evaluated changes in HSL mRNA and protein levels in
THP-1 cells following M. leprae infection. Reverse transcription
polymerase chain reaction (RT-PCR) analysis revealed that HSL
mRNA levels were significantly decreased 6 h after M. leprae
infection (Fig. 2A, left panel). HSL protein levels, as assessed by
Western blot analysis, were also decreased by 6 h after infection
(Fig. 2B, left panel). In both cases ADRP levels were increased as
previously shown [9].

In order to clarify whether the observed decrease of HSL was
specific to viable M. leprae or non-specific to phagocytosis, we
compared the effects of live M. leprae with dead (heat-killed)
M. leprae or latex beads on HSL expression. The mRNA and protein

levels of HSL were transiently decreased at 6 h following exposure
to dead M. leprae and latex beads, but they had mostly recovered to
the original levels by 48 h (Fig. 2A and B, middle and right panels).
In contrast, ADRP levels were transiently increased by dead
M. leprae or latex beads at 6 h, but had returned to the original
levels in 48 h. The transient effects of dead bacilli and the sustained
effects of live bacilli on HSL suppression are similar to the effects of
dead and live bacilli on the phagosomal localization of CORO1A
[16,18]. Together, these results suggest that the phagocytosis of
certain particles will transiently, but not permanently, decrease HSL
expression; however, only live M. leprae was capable of maintaining
the suppression of HSL expression (Fig. 2A and B).

Phosphorylation of HSL on Ser°®> by PKA and Ser®%° by 5/'-~AMP-
activated protein kinase (AMPK) is required for the translocation
and the functional activity of HSL [19,20]. Therefore, these serine
residues were evaluated to determine if they are dephosphorylated
following M. leprae infection. Western blot analysis using
phosphorylation-specific antibodies revealed a rapid decrease in
phosphorylation of HSL at both Ser®®3 and Ser°%° 1 h after M. leprae
infection (Fig. 2C). This result further confirmed that M. leprae
infection not only reduces HSL expression, but potentially abro-
gates its function as well.

3.3. Innate immune activation increases HSL expression, but
M. leprae infection reverses

The induction of innate immunity by activation of toll-like
receptors (TLRs) modulates the expression of host proteins and
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Fig. 2. Only live M. leprae persistently reduces HSL mRNA and protein levels in infected cells. THP-1 cells were cultured in a six-well plate and infected with live M. leprae, heat killed
(80 °C for 30 min) M. leprae or latex beads. After incubating for the indicated period of time, total RNA and total cellular protein were purified and RT-PCR analysis (A) and Western
blot analysis (B) for HSL, ADRP and B-actin were performed. Phosphorylation of HSL on Ser®®3 and Ser>®® was evaluated by Western blot analysis in M. leprae-infected cells using

specific antibodies (C).

contributes to host defense against M. leprae [9,16,17,21}. There-
fore, the possible effect of PGN, a ligand for TLR2, on HSL
expression levels was examined. When PGN was added to the
culture medium of THP-1 cells, HSL mRNA expression was
increased at 6 h and high levels of expression were maintained up
to 24 h (Fig. 3A). HSL protein levels were also increased and high
levels were still evident even 48 h after treatment (Fig. 3B). Since

A PGN
f 1

0 612 2448hr

B PGN
I 1

0 6122448 hr

HSL
B-actin

infection of live M. leprae significantly suppressed HSL expression
(Fig. 2), we evaluated the possible effect of M. leprae infection on
the effect of PGN. When M. leprae was added with PGN, the
increase of PGN-induced HSL mRNA and protein levels observed at
6 h was abolished (Fig. 3C and D vs. Fig. 3A and B, respectively).
Instead, HSL mRNA and protein levels had decreased by 48 h
(Fig. 3C and D).

C PGN+M. leprae
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B-actin fues
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Fig. 3. M. leprae inhibits the ability of PGN to induce the expression of HSL. THP-1 cells were cultured in a six-well plate and treated with PGN (A and B), PGN plus M. leprae (C and
D). After incubating for the indicated time, total RNA and total cellular protein for each experiment were purified and RT-PCR analysis (A and C) and Western blot analysis (B and D)

for HSL and B-actin were performed.
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TLR2 neutralizing antibody was able to suppress the PGN-
mediated induction of HSL mRNA and protein levels (Fig. 4C vs. A
and D vs. B, respectively), suggesting that the action of PGN is
mediated through TLR2. Although activation of TLR4 by LPS
enhanced HSL expression, M. leprae infection abolished LPS-
induced HSL mRNA and protein levels (Fig. 4G vs. E and H vs. F,
respectively). These results suggest that lipolysis is activated by TLR
activation. However, infection of live M. leprae inhibits the TLR-
mediated increase of HSL expression despite the fact that PGN is
actually a component of the M. leprae cell wall. Therefore, M, leprae
could potentially activate a hitherto unrecognized TLR-
independent pathway that results in inhibition of TLR-mediated
HSL activation in order to prevent the degradation of lipids in
infected phagosomes.

3.4. Appearance of HSL mRNA in slit-skin smears correlates with
clinical course of leprosy

All of the in vitro studies described herein indicated that
M. leprae infection decreases HSL expression, which may correlate
with the maintenance of a lipid-rich environment within the
phagosome. To examine HSL expression in the skin lesions of
leprosy patients, HSL mRNA levels were evaluated in slit-skin
smear specimens by RT-PCR analysis. HSL mRNA was not detec-
ted in the five lepromatous leprosy (LL) patients nor in four out of
seven borderline lepromatous leprosy (BL) patients, but was clearly
detected in two of these patients (Fig. 5A, cases 8 and 12).
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I !
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HSL
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289

Interestingly, these two cases, whose HSL mRNA levels were clearly
detectable, exhibited a ‘type 1 lepra reaction (or upgrading reac-
tion)' after treatment (at one year for case 8 and three months for
case 12), which is thought to be a cell-mediated, delayed-type of
hypersensitivity immune response.

We also analyzed slit-skin smear samples from four patients
who received MDT treatment, which consisted of diaphenylsulfone,
clofazimine and rifampicin, as per WHO protocol. While HSL mRNA
was not detected before treatment, HSL expression was induced (or
recovered) after MDT treatment in all four cases (Fig. 5B). These
results indicate that HSL expression is significantly suppressed
following M. leprae infection in LL and BL patients; however, it
reappeared in untreated patients who might have a potentially
active immune response to M. leprae and in those whose bacteri-
cidal activity is enhanced by effective treatment.

4. Discussion

In this report, we first demonstrated that M. leprae suppresses
the expression of HSL mRNA and protein in infected macrophages.
Only live M. leprae could sustain suppressed levels of HSL, although
phagocytosis itself only transiently decreased HSL levels. This
situation is quite similar to the induction of lipid droplet-associated
proteins, ADRP and perilipin, in macrophages infected with
M. leprae as previously reported [9]. In that study, only live M. leprae
infection could induce and maintain high expression levels of ADRP
and perilipin. The present study provides another mechanism by
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Fig. 4. TLR-mediated increase of HSL expression and its suppression by M. leprae infection. THP-1 cells were cultured in a six-well plate and treated with PGN (A and B), PGN plus
TLR2 neutralizing antibody (C and D) or LPS (E and F) or LPS plus M. leprae (G and H). After incubating for the indicated time, mRNA expression or protein levels of HSL were

evaluated by RT-PCR analysis (A, C, E and G) and Western blot analysis (B, D, F and H).
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Fig. 5. Detection of HSL mRNA in slit-skin smear samples from leprosy patients. RNA
was isolated from slit-skin smear specimens taken from five LL patients and seven BL
patients for RT-PCR analysis (A). Cases 8 and 12 developed type 1 lepra reactions after
MDT treatment. RNA isolated from four BL patients before and after MDT for the
indicated period of time, was also used for RT-PCR analysis (B). The control sample was
obtained from patients with skin granulomas where M. leprae was not found.
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which M. leprae maintains host cell lipids, namely by suppressing
their degradation.

Activation of the TLR signaling pathway by PGN increased HSL
expression, indicating that activation of the innate immune
response may induce lipid degradation that makes it difficult for
M. leprae to survive within infected phagosomes. M. leprae infection
not only suppressed HSL expression, but also inhibited the ability of
PGN to increase HSL expression. We previously showed that PGN
suppresses expression of ADRP and perilipin, and also significantly
reduces expression of CORO1A, also known as tryptophan aspartate-
containing coat protein (TACO), which contributes to the inhibition
of lysosomal fusion and accounts for the survival of bacilli [9,16,17}.
M. leprae infection invalidates all of these effects of PGN and thus
maintains levels of CORO1A, ADRP and perilipin, and reduces HSL
expression, thus ensuring a favorable phagosome environment for
itself, These results showing that M. leprae and PGN, a cell wall
component of M. leprae, have quite different effects are somewhat
contradictory. It is plausible to speculate that some M. leprae
components can activate a pathway that counteracts TLR signaling.

Suppression of HSL, in addition to the induction and phag-
osomal translocation of ADRP/perilipin and CORO1A, would reduce
degradation of stored lipids, thereby maintaining the lipid-rich
environment in the parasitized phagosome where M. leprae lives.
M. leprae possesses only a small number of functional genes, which
likely makes it difficult for the bacilli to survive without relying on
host cell metabolism [14—16,22]. Therefore, M. leprae may regulate
the expression of host genes that accumulate and maintain cellular
lipids in order to utilize them as an essential nutrient for survival.
Recent studies suggest that Mycobacterium tuberculosis (M. tuber-
culosis) persists within lipid-rich foamy phagosomes, while its
translocation into the cytosol may relate to caseation and virulence
[23—~27]. Therefore, intracellular lifestyle and lipid requirements
might differ substantially between M. tuberculosis and M. leprae,
partly reflecting the massive gene decay in M. leprae [22]. Whether
the small lipid droplets seen in M. leprae-infected cells (Fig. 1B) fuse
with phagosomes containing M. leprae is still to be determined.

There was once debate over whether the lipids originate from
M. leprae cell wall components or from the host [28,29]. It was
suggested that lipids and fatty acids were important carbon sources
for M. leprae in infected macrophages where the oxygen tension
gradient is low [30]. It is now known that mycobacteria induce the
accumulation of 1-palmitoyl-2-(5,6-epoxyisoprostane E2)-sn-
glycero-3-phosphorylcholine (PEIPC), a host-derived oxidized
phospholipid, and is similar to the formation of foamy cells found in
atherosclerotic lesions [31,32]. Of interest, M. tuberculosis has

a large number of proteins involved in lipid metabolism, including
at least one HSL family protein. However, M. leprae seems to have
a small number of such genes, and no HSL-like genes were iden-
tified (http://genolist.pasteur.fr/Leproma/).

The lipid degradation process in adipocytes involves both HSL
and perilipin [33]. Both are polyphosphorylated by protein kinase A
(PKA), and phosphorylation of perilipin is required for the trans-
location of HSL from the cytosol to the surface of the lipid droplet,
which is a critical step in the lipolytic reaction [34}. Furthermore,
there is growing evidence that both perilipin and comparative gene
identification-58 (CGI-58) protein act as scaffold proteins on lipid
droplets in adipocytes [35]. We demonstrated that live M. leprae not
only suppresses HSL protein expression, but that it also phos-
phorylates two serine residues, Ser® and Ser’®®, which are
essential for its action. HSL expression is modulated by energy level
changes in a variety of situations, such as obesity [36], type 2 dia-
betes mellitus [37] and in cultured adipocytes [38,39]. However,
there have been no reports that pathogenic microorganisms have
the ability to modulate HSL expression. Since M. tuberculosis and
Mycobacterium avium utilize host lipids [40,41], our finding may
highlight an important mechanism by which these bacteria interact
and modify host gene expression. Phosphorylation of HSL occurs at
multiple sites, including Ser®®3, which is believed to be mutually
exclusive with phosphorylation of HSL at the non-PKA site Ser°®>
[19,20]. Therefore, the observed decrease of HSL phosphorylation
might be due to down-regulation of PKA or induction of a non-
functional kinase following infection with M. leprae.

HSL expression was not detected in slit-skin smear samples
from any of the LL patients and most of the BL patients examined in
this study. Two BL patients who showed detectable levels of HSL
mRNA developed a type 1 lepra (or reversal) reaction, which is
thought to be a Th1-type cellular immune response and is char-
acterized by an acute inflammatory reaction that causes worsening
of skin lesions, neuritis and other systemic complications that occur
in patients who are immunologically unstable [42]. Therefore, the
increase in HSL expression detected in untreated BL patients is
potentially activation of an immune reaction. The lepra reaction is
one of the major problems faced by clinicians during treatment, and
there is currently no method of predicting this critical side effect of
treatment. Our observation suggests that detecting HSL mRNA in
slit-skin smear samples from untreated patients could potentially
be a reliable, convenient and minimally invasive procedure by
which to predict possible occurrence of the type 1 lepra reaction. In
addition, MDT treatment results in a rapid induction of HSL
expression. Consequently, HSL expression levels after MDT treat-
ment might also be a marker for treatment efficacy without the
need for complicated tests to evaluate drug resistance of the bacilli.
Although early diagnosis and appropriate treatment provide
a complete cure, delays in diagnosis and treatment result in severe
deformities and disabilities. Therefore, evaluation of HSL levels
from slit-skin smear samples may be a simple and accurate method
for clinical examination. In both cases, however, analysis of more
clinical samples is needed to validate the clinical usefulness of this
metric.

In conclusion, we have shown that M. leprae infection
suppresses host HSL expression, which helps to retain the lipid-rich
environment necessary for the survival of the pathogen within the
phagosome. In addition, the measurement of HSL expression from
slit-skin smears may be a useful diagnostic tool for patient
prognosis.
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Buruli ulcer and current situation in Japan: A new emerging
cutaneous Mycobacterium infection

Rie R. YOTSU,' Kazue NAKANAGA,’ Yoshihiko HOSHINO,? Koichi SUZUKI,’

Norihisa ISHII®

"Departrncnt of Dermatology, National Center for Global Health and Medicine, and *Leprosy Research Center, National Institute of
Infectious Discases, Tokyo, Japan

ABSTRACT

Buruli ulcer (BU) is a new emerging disease and the third most common chronic mycobacterial infection in humans,
caused by Mycobacterium uicerans. Approximately 5000 cases are reported annually from at least 33 countries around
the globe, but more from the tropical nations. A total of 32 cases have been reported from Japan sporadically since 1980.
None of the cases were related to international travel. Of the total reported, M. ulcerans ssp. shinshuense, a subspecies
speculated to be domestic to Japan or in Asia, has been isolated from 23 cases. The mode of transmission and its incuba-
tion period remain unclear, despite several proposed hypotheses, including several vectors and cutaneous wound as port
of entry for the pathogen. M. ulcerans invades the skin, subcutaneous tissue, fascia and eventually forms extensive ulcer-
ation. Smear, culture, histopathology and polymerase chain reaction are established diagnostic tools to identify M. ulcer-
ans. Multiple antimicrobial therapy is a commonly used therapeutic method, but patients often need extensive
debridement and, at times, skin grafting, especially when diagnosis is delayed. Thus, expanding a system for improved
awareness and diagnosis in Japan and Asia is important, together with elucidating the candidate vector and the mode of
transmission. Here, to establish a base for future progress in better understanding of this infectious disease, we reviewed

the characteristics of the disease together with an update of reported cases in Japan.

Key words:
tuberculous mycobacteria.

INTRODUCTION

Buruli ulcer (BU) is a necrotizing skin and soft tissue infection
caused by Mycobacterium ulcerans, categorized as a non-tubercu-
lous mycobacteria (NTM). It is the third most common mycobacte-
rial infection after tuberculosis and Hansen'’s disease (leprosy), and
cases have been reported from at least 33 countries with the inci-
dence rate highest in sub-Saharan Africa.’ Despite its image as a
disease confined to tropical areas, in recent decades, reports have
also been made from sub-tropical and non-tropical nations includ-
ing Australia, China and Japan.® In Japan. a total of 32 cases have
been reported sporadically since 1980. Interestingly. it is now evi-
dent that pathogens isolated from Japanese and Chinese cases
slightly differ from those of other countries.

The World Health Organization (WHO)? includes BU as a
neglected tropical disease (NTD) primarily due to its disabling and
stigmatizing complications, and is working toward better diagnosis.
treatment and prevention. Moreover, research is promoted, for
there are various issues still remaining to be uncovered including its
vector, mode of transmission and pathogenesis.? The obijectives of

Buruli ulcer, Mycobacterium ulcerans, Mycobacterinm ulcerans ssp. shinshuense, mycolactone, non-

this article are to: (i) review the current state of knowledge of Buruli
ulcer: (i) summarize the 32 cases reported in Japan; and (jii) propose
future perspectives how these cases and diagnostic network in
Japan may contribute to the better understanding and control of BU
worldwide.

EPIDEMIOLOGY AND TRANSMISSION

The first report of BU dates back to 1897 when Sir Albert Cook
described cases of chronic ulceration in Uganda. It took approxi-
mately half a century for it to be recognized as a mycobacterial
skin infection; MacCallum (Australia) made the first definitive
description of M. uicerans in 1948.% The disease was named after
Buruli County, Uganda. where the first large epidemic was investi-
gated in 1961.%

Since the early 1980s. this infection has been rapidly re-emerging
along with rapid environmental such as deforestation, eutrophica-
tion, dam construction. irrigation, farming, mining and habitat
fragmentation.® Presently. the disease is reported from various
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parts of the world. at a rate of over 5000 new cases per year.'?
However. diversity in the incidence rate according to regions and
lack of awareness prevents accurate sketching of the demo-
graphic of BU.

Most cases of BU are found in people living in or around aquatic
environments (e.g. wetland, river, reservoir). Therefore, though its
vector and mode of transmission are still unidentified, it is hypothe-
sized that M. ulcerans is acquired through environmental contact.
There are a number of reports that have detected M. ulcerans DNA
from environmental samples including water filtrates, soil, fish.
turtles, frogs. snails and various insects.* '™ A recent published
report by Lavender et al.'® provided some insights into the
potential for mosquitoes to be involved in the transmission of the
disease by testing mosquitoes for M. ulcerans DNA in an ende-
mic area of southeastern Australia. The study revealed the infec-
tion rate per 1000 mosquitoes to be 1.86 (1.48-2.32) with the
highest rate obtained from the location with the highest preva-
lence of the disease.'® However, these studies tested only for
DNA., and this does not provide definite proof for it to be the res-
ervoirs or vectors of M. ulcerans. Recently. three new cases of
BU were found simultaneously from a family in Japan: a mother
and her son and daughter. Close investigation of these kinds of
cases may lead to further understanding of the epidemiology of
the disease.

EPIDEMIOLOGY -AND CURRENT SITUATION
OF BU IN JAPAN

The first case of BU in Japan was reported by Mikoshiba et a.'® in
1982. It was a case of a 19-year-old woman who presented a
chronic and necrotic uicer on her left elbow. The case was consid-
ered to be an endemic infection. because she lacked history of
international travel. Tsukamura et al."” reported that the mycobac-
terium obtained from this ulcer showed a close resemblance to
M. ulcerans, but with some differences. Later, with further research,
he advocated this novel subspecies as ‘M. ulcerans ssp. shinshu-
ense” in 1989.'8

After a 21-year window period, the second case of BU was
reported in 2003. Since then, there has been a steady increase in
reported cases, summing up to a total of 32 as of October 2011
(Fig. 1). Amongst these cases, M. ulcerans ssp. shinshuense. a sub-
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Figure 1. Buruli ulcer cases in Japan by year diagnosed.
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Figure 2. Distribution of Buvrul‘i ulcer cases in Japan: a total of 32
cases as of October 2011.

species speculated to be domestic to Japan or in Asia. has been
isolated from 23 cases. Of the total, 12 cases (37.5%) were male
and 20 cases (62.5%) were female. A tendency was towards mid-
dle-aged adults in our cases (Fig. 1). Our age distribution differs
from that of other countries. Quek et al.*® reported that in southeast-
ern Australia, there were more cases in patients over 60 years of
age. while Debacker et al.*° reported that the age distribution in
Benin reached its peaks in the 10-14-year age group and amongst
those older than 59 years.

All but one case were reported from the main and largest
island of Japan. Honshu (Fig. 2). More cases were found from
the central western regions of Japan. especially from Okayama
Prefecture where eight cases have been identified so far. This
prefecture is facing the inland sea. Seto. and the climate is
somewhat similar to the Mediterranean Sea, dry and moderate
throughout the year. The adjacent prefecture of Hiroshima. also
reports one case.

It is interesting to note that 25 cases (86.2%) were diagnosed
during autumn and winter (Fig. 3). Interpretation of these statistics
needs to be carefully assessed, for the incubation period of this
infection is not known; however, it may be a clue to the seasonal
inclination.

BACTERIOLOGY

Mycobacterium uicerans is an NTM that may be cultured in vitro
showing optimal but very slow growth at 28-34°C on the Léwen-
stein~Jensen (or Ogawa) medium for mycobacterial cuiture. This
predilection for lower culture temperature explains the skin being its
main foci of infection and its limited systemic dissemination. The
colonies of M. ulcerans are usually yellowish, rough and have well-
demarcated edges. The yellowish color may also be observed in
the dark.?” M. uicerans produces a necrotizing immunaosuppressive
polyketide toxin, called mycolactone, that is responsible for its
pathogenecity.?* There are six structural variants to mycolactone: A.
B. C. D. E and F. Most cases of BU are positive for mycolactone
A/B (Fig. 4), while few cases present C or D.

© 2012 Japanese Denmatological Association
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Figure 4. Mycolactone A/B.

PATHOGENESIS AND IMMUNOLOGY

Pathogenesis of M. ulcerans is closely related to the production of
mycolactone. Mycolactone is a toxic lipid that is cytotoxic to fibro-
blasts, lipid cells. macrophages. and keratinocytes: inducing both
apoptotic and necrotic changes in these cells. It is also known to
suppress the local immune system.?® These two major functions
explain the extensive progression of the ulcer with relatively low
inflammatory response. both clinically and histopathologically. it is
also speculated that mycolactone damages the peripheral nerves,
resulting in the ulcers being painless.®

CLINICAL MANIFESTATIONS

The common sites of the skin lesions are exposed parts of the body,
particularly the extremities and the face. BU often starts as ery-
thema or papule. which may resemble an insect bite (Fig. 5a). The
lesion gradually develops into a painless nodule measuring a few
centimeters in diameter (Fig. 5b). In a few days to several weeks,
the papule or nodule perforates and forms an uicer (Fig. 5c). The
ulcer is often characterized by white or yellow necrotic tissue on the
base, undermined borders and edematous surroundings. The lesion
is not limited to a single focus, but when the ulcers are adjacent to
each other, they may merge and form a massive ulcer. In rare cases,
the ulcer invades the muscular layer.

Ulcers caused by M. ulcerans are often documented to be
painless. unless secondary bacterial infection exists at the site. In

- © 2012 Japanese Dermatological Association
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Figure 5. Clinical features. (a) Initial symptoms of Buruli ulcer. It often
starts as erythema or papule. (b) The lesion gradually develops into
painless nodule measuring few centimeters. The case in the photo is
associated with redness and swelling. () In a few days to several
weeks, the papule or nodule perforates and forms an ulcer. The ulcer
is often characterized by white or yellow necrotic tissue on the base,
undermined borders and edematous surroundings. Photos provided
by Dr Tesshin Watanabe of Tottori University, Japan.

contrast, approximately half of the cases confirmed with M. ulcerans
ssp. shinshuense in Japan are reported with pain. Swelling of the
regional lymph node and fever are usually absent, and the host's
general condition is often well. BU rarely causes direct death. but
when not treated early, the disease often results in permanent func-
tional disability. A massive ulcer that lies across the joint. without
successful skin grafting and intensive rehabilitation, may leave con-
tracture of the joint.

LABORATORY TESTS

Direct smear or stamp test
Direct smear specimens obtained from the ulcer or stamped biopsy
specimens are magnified with Ziehl-Neelsen (Z-N) stain.

Culture test

Fresh skin biopsy. purulent discharge fluid and swab obtained from
the surface of the ulcer are the options for specimen. Both liquid
media and Léwenstein—Jensen (or Ogawa) medium are used, and
cultured at 25°C and 32°C. M. uicerans forms yellowish rough colo-
nies. Because we have experienced a successful isolation at
11 months of culture, we recommend that culturing is continued for
at least 6 months.

Polymerase chain reaction (PCR) and other
molecular biological studies

Polymerase chain reaction is the best method for early diagnosis. It
is performed on a fresh biopsy or previously obtained paraffin block,
and targets the high-copy insertion sequence 1S2404 (Fig. 6).2* A
positive study will rule out Mycobacterium marinum or other non-
M. ulcerans NTM. DNA-DNA hybridization is useful for culture-pasi-
tive samples, but it cannot differentiate between M. marinum and
M. ulcerans. Further, we perform 16S rRNA gene seguencing to
separate M. ulcerans ssp. shinshuense from M. ulcerans.?* Alterna-
tive methods include PCR targeting 174-kb plasmid pMUMO001 and

3
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Figure 6. Detection of 182404 by polymerase chain reaction.

Figure 7. Histopathology. (@) Hematoxylin-eosin stain presents
necrotic signs of the dermis, adipose tissue and occasional extension
to the fascia. Granulomas or epithelioid cells are rare, as with caseous
necrosis (original magnification x40). (b} Infiltration of lymphocytes in
the dermis and adipose tissue is relatively poor (original magnification
x200). (c) Ziehi-Neelsen stain often reveals the mycobacterium in the
deep dermal layer to the adipose layer, which is often observed as
clusters (original magnification x400). Paraffin block provided by
Dr Yoichi Kato of Okazaki City Hospital. Japan.

drug sensitivity tests, but are not yet common. These sophisticated
tests can only be performed at equipped reference institutes that
are highly experienced in molecular techniques.

Histopathology

The specimen is to be obtained from a nodule or the rim of the ulcer.
Hematoxylin—eosin stain presents necrotic signs of the dermis, adi-
pose tissue and at times extending to the fascia (Fig. 7a,b). Infiltra-
tion of lymphocytes in the dermis and adipose tissue is relatively
poor, suggesting an immunosuppressant effect of the mycobacteria
or the mycolactone. Granulomas or epithelioid cells are rare, as with
caseous necrosis. Z-N stain often reveals the mycobacterium in the
deep dermal layer to the adipose layer, which often are observed as
clusters (Fig. 7¢).

DIAGNOSIS

The diagnosis of BU is definitive if M. ulcerans is isolated from the
ulcer presenting in the exposed parts of the body. Performing all

4

Table 1. Criteria to diagnose Buruli ulcer

1. Skin eruption accompanying ulcer (regardless of presence
of pain)

2. Tissue necrosis with poor inflammatory cell infiltration
evident by histopathology

3. Polymerase chain reaction amplification of 1S2404

4. Detection of acid-fast bacilli in a smear specimen

5. Histopathological confirmation of acid-fast bacilli

The case is defined Buruli ulcer if it fulfilis criteria 1. 2 and 3. Criteria 4
and.’or 5 are needed to confirm diagnosis.

tests — smear. histopathology, culture and PCR - is essential for
accuracy (Table 1). However, it is known that culture alone may take
a very long time, and its success rate is low. 16S rRNA gene
sequencing is recommended only if there is a necessity to precisely
identify M. ulcerans, because it is very time-consuming and expen-
sive. In Japan, laboratory tests for M. ulcerans and M. ulcerans ssp.
shinshuense are performed at the Leprosy Research Center (LRC),
a division within the National Institute of infectious Diseases (Tokyo,
Japan).

Differential diagnosis for BU includes: cutaneous tuberculosis,
leprosy, leishmaniasis, myiasis, diabetic ulcer, necrobiosis lipoidica.
pyoderma gangrenosum, pressure sore, malignant skin tumor and
trauma.

TREATMENT

There is yet no established treatment regimen. Antimicrobial therapy
is the standard treatment. but only a limited number of antimicrobi-
als show high efficacy for M. ulcerans, and usually require surgical
intervention due to the presence of mycolactone.

Commonly selected oral antimicrobial agents are the combina-
tion of two or three from the following: rifampicin (RFP) 450 mg/
day. clarithromycin (CAM) 800 mg/day and levofloxacin (LVFX)
500 mg-day. Streptomycin (SM) 15 mg/kg per day via i.m. route
can be adopted. The WHO recommend RFP and SM dual therapy
for 8 weeks: a regimen widely used in the endemic countries at
present.?® Recently, Nienhuis et al.?® conducted a trial of 4 weeks of
RFP + CAM after 4 weeks of RFP + SM. and found no significant
difference with the WHO recommendation. The significance of this
study lies in the result that it presented the possibility of minimizing:
(i the duration needed for daily access to health facilities; and
(i) number of doses of i.m. injections which is a burden for many
patients, particularly children. It also lessens the risk of acquiring
other infectious diseases such as HIV/AIDS and hepatitis B. In
Japan, we recommend the RFP + CAM + LVFX triple therapy,
which has shown good outcome and compliance in our cases. This
regimen consists only of oral antimicrobials, thus making it possible
to completely overcome the shortfalls of i.m. injections. Qur sensitiv-
ity test also supports this regimen, in which the three antimicrobials
showed higher sensitivity to the mycobacterium compared to other
choices.””

It is important to note that during antimicrobial therapy, new skin
lesions may develop, a phenomenon known as ‘‘paradoxical

© 2012 Japanese Dermatological Association
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Table 2. Categories of lesions in Buruli ulcer®”

A single lesion <5 cm in diameter. Most
category | lesions may completely heal with
antibiotic treatment

A single lesion between 5 and 15 cm in
diameter. Some category |l lesions may
completely heal with antibiotic treatment

A single iesion >15 cm in diameter, muitiple
lesions, lesion(s) at critical sites (eye, breast.
genitalia) and osteomyelitis. In addition to
antibiotics, most category Il lesions require
surgery (excision, skin grafting or amputation in
severe cases). However, multiple small lesions
and lesions located at critical sites may heal
with antibiotics alone

Category |

Category li

Category i

reactions”. It is most likely, but still remains to be formally
researched, that the decrease in the production of mycolactone due
to the therapy enables the hosts’ immune system to recover and
leads to this phenomenon.®

The size of the ulcer is crucial in the determination of a therapeu-
tic plan. The WHO categorizes clinical features into three stages in
order to facilitate treatment selection and follow up (Table 2).2° Cat-
egory | is a single lesion of less than 5 cm in diameter; category Il is
a single lesion between 5 and 15 cm; and category il is a single
lesion of more than 15cm in diameter. Surgical intervention
(debridement) including skin grafting is inevitable in cases not
responding to antimicrobial therapy. The WHO does not endorse
definitive indication of surgical treatment for ulcers in category I, but
we suggest surgery of any ulcer larger than 1 cm in diameter, after
completion of 4-week antimicrobial therapy to minimize bacterial
colonization. We recommend that the excision is at least 2-5 cm
away from the margin and deep enough to reach the fascia. If skin
grafting is necessary, it should not be avoided. In either case, post-
operative antimicrobial therapy should not be shorter than 4 weeks.
If an uicer of less than 1 cm in diameter does not respond to
2 weeks of antimicrobial therapy, we determine this as an indication
of surgical intervention.

When the lesion extends above a joint and surgical intervention
has been chosen, strict adherence to the rehabilitation schedule is
imperative in order to prevent contracture and permanent functional
disability.

PREVENTION/IMPLICATIONS FOR
VACCINATION STRATEGIES

Despite the existent of contradictory reports, a few studies suggest
the benefit of bacillus Calmette~-Gueérin (BCG) administration.3%%* it
leads to prevention of BU within 6-12 months post-administration.
or if vaccinated in childhood, it may prevent aggravation into osteo-
muyelitis. 3> BCG vaccine coverage in Japan between 2005 and
2007 was 96.6-98.7% (Control Program Support, The Research
Institute Tuberculosis, Japan Anti-Tuberculosis Association). In our
cases, history of BCG administration was not confirmed. However,
none of the cases of BU in Japan extended into osteomyelitis. We
cannot speculate if this is the result of the scheduled BCG adminis-

© 2012 Japanese Dermatological Association
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tration in childhood. characteristics of M. ulcerans ssp. shinsuense,
different living conditions. onset and timing of treatment, or simply
by chance.

IMPLICATIONS OF THE JAPANESE CASES
AND FUTURE PERSPECTIVES

Recently. we are experiencing an increase of newly reported
cases of BU in Japan. Though there may be an actual rise in the
endemicity of the disease itself, we believe that the cases of BU
reported from Japan were limited until the present for several
other reasons: (i) low awareness of the disease amongst the clini-
cians in Japan; and (i) NTM, including M. uicerans, are not infec-
tions designated by government ordinance, and so the Japanese
Ministry of Health, Welfare and Labor does not mandate clini-
cians and laboratories to report or keep track of the case statis-
tics. We have been conducting activities and developing an
information network, thus increasing awareness and improving
the diagnostic process. This effort, together with the fact that
diagnosis is often made by the same clinician and facilities. led
us to this realization. It is evident that BU already existed in
Japan in the 1980s.'® We speculate that there could have been
cases treated with antimicrobials under the diagnosis of M. marn-
num or other bacterial infection. Moreover, considering the over-
looked cases, there may be more cases waiting to be diagnosed
and treated nationwide.

To the extent of our knowledge, the pathogen of BU in Japan
and China is a different subspecies of M. ulcerans, distinctive from
those from other countries. M. ulcerans ssp. shinshuense was iso-
lated from the very first reported case in Japan.'” It is not yet clear if
this subspecies clinically acts in a different manner, other than some
of its laboratory findings (Table 3). So far. dermatological character-
istics, including nodule and ulcer forming, non-healing ulcer and the
common need of surgical intervention, seem to be similar to the dis-
ease caused by the authentic M. ulcerans reported elsewhere. Pain
seems to be more outstanding in Japanese cases, but our cases
are yet too small to draw out any conclusion (Table 4). Interestingly,
van der Werf et al.%° mentioned that less subcutaneous tissue
involvement was seen in Australian cases at the initial stage when
compared to those in Africa.

Table 3. Bacteriological characteristics of Mycobacterium ulcerans

28-34°C

4 weeks (slow grower)
Yellow. rough

Positive (yellow)

Negative (M. u), positive
(M. u ssp. s)

Niacin accumulation Negative

Toxin Mycolactone

182404 (PCR) Positive

M. marinum in DDH" Positive (misidentification)

Culture temperature
Growth rate
Characteristic of colonies
Pigmentation in dark
Urease activity

M. u, Mycobacterium ulcerans; M. u ssp. s, Mycobacterium ulcerans
ssp. shinshuense. "DNA-DNA hybridization using DDH Mycobacteria
(Kyokuto Pharmaceuticals. Tokyo. Japan). PCR. polymerase chain
reaction.
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Table 4. Characteristics of cases reported in Japan

Known isolate Mycobacterium ulcerans ssp.

shinshuense

International traveling None

Mode of transmission Unknown, not clear with aquatic
environment

Honshu island (awareness of
dermatologists unknown)
Autumn and winter (unclear
incubation period)

Regional bias

Seasonal bias

Age 8-81 years
Male : female 3:5
Pain sensation More outstanding in Japanese
cases
Sensitivity against Sensitive
antibiotics
Affected regions Extremities

Size of ulcer Mainly <5 cm (category 1)

These endemic cases reported outside the African and South-
American continents, including those reported from Australia and
Japan, possibly indicate a high likeliness of the presence of BU
in other subtropical regions. In 2000, Faber et al.%® reported one
case of BU with a history of travel to China, the isolate of which
was identified as M. ulcerans ssp. shinshuense. This important
case suggests the possibility of existence of M. ulcerans ssp.
shinshuense in Asian countries other than Japan. Hence. rapid
awareness of this disease among clinicians is needed worldwide
despite the countries’ present status. in order for us to better
understand this disease and for the better treatment of patients
with persisting ulcer. .

CONCLUSIONS

Buruli ulcer is a new emerging mycobacterial infection seen in
many countries, yet not much is known about the disease includ-
ing its epidemiology and bacteriology. Our 32 cases are unique in
that they were all infected within Japan. There is a large possibility
that there could be overlooked cases in Japan. and moreover, this
leads us to hypothesize the possibility of hidden cases in other
countries which have never experienced BU before. Thus, raising
awareness and promoting further research is demanded in this
field worldwide.
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motifs V-IX at the C-terminal region (Table 1), indicating that this
segment is specially important for Gasdermin A3 functions in the
skin and hair follicles. Another common feature of these lines is a
pronounced hair loss between the first and the third weeks of age.
However, considerable differences have been reported regarding
the severity of the phenotype, whether the anagen or the catagen
stages of the first hair cycle are affected by the mutation, and
whether the length of the hair shafts are affected or not. These
differences might be due to dissimilarities in the genetic
background of the various Gsdma3 mutant lines, and also to the
fact that they have been studied in a variety of laboratories
employing different protocols.

While the exact function of Gasdermin A3 in skin and hair follicle
physiology remains to be determined, mouse lines carrying
mutations in the Gsdma3 gene have been already useful for studying
the mechanisms underlying hair follicle destruction in cicatricial
alopecia [3]. Also, since there are some parallels with psoriasis
(including an acanthothic and hyperkeratotic epidermis and the
presence of numerous cells of the immune system in the dermis), a
Gsdma3 mutant line was employed as a model for evaluating
therapies for this disease [4]. Thus, we believe that the newly
described mouse line Gsdma3">°N will be useful as an additional
member of the allelic series for unraveling the functions of
Gasdermin A3 in the skin and its appendages and to study a range
of processes associated with different dermatological diseases.
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Letter to the Editor

Present situation of leprosy in Japan, 2006-2010: Analysis of
drug resistance in new registered and relapsed cases by
molecular biological methods
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Leprosy is a chronic infectious disease caused by an obligate
intracellular pathogen Mycobacterium leprae. The present strategy
for leprosy control is based on the multidrug therapy (MDT),
recommended by the World Health Organization (WHO), which
has successfully reduced the number of leprosy cases in the world.

Newly reported cases in Japan have markedly decreased during
the last two decades. There have been fewer than 10 cases per year

in the recent three years. Amongst these newly registered cases,
the proportion of imported cases. Relapse cases in Japan are limited
to only a few in the recent years.

Although MDT is an effective treatment for leprosy, drug-
resistance are known to occur for each agents. Rapid detection and
control of such drug-resistant strains is essential in control of
leprosy. However, the drug-resistance situation of M. leprae has not
yet been well informed in Japan.

Table 1A

Number of newly registered patients in Japan. The number of newly reported
leprosy in Japan between 2006 and 2010 shows decline whilst the proportion of
imported cases increased. The percentage of non-Japanese patients in 2006, 2007,
2008, 2009 and 2010 were 85.7% (6/7), 91.7% (11/12), 57.1% (4/7), 100% (2/2) and
100% (4/4), respectively.

Year Japanese Non-Japanese Ratio of Non-Japanese (%)
2006 1 6 85.7

2007 1 11 91.7

2008 3 4 57.1

2009 1] 2 100

2010 0 4 100

Total 5 27 844
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Table 1B

PCR result in newly registered patients. First, hsp-70 PCR method was applied to detect M. laprae on 27 samples obtained from newly registered patients, excluding five cases
registered in 2006. The positive rate was 85% (23/27). Then, mutation analyses on the DRDRs of folP1, rpoB and gyrA genes were applied to samples positive for hsp-70 with
PCR. Cases of mutations detected on folP1, rpoB and gyrA were 8.7% (2/23), 0% (0{23) and 4.3% (1/23), respectively.

Country PCR Mutation
Positive Negative No mutation fol P (dapsone) rpo B (RFP) gyr A (quinolones)

Philippines 6 0 5 0 0 1
Brazil 6 1 5 1 ] 0
Indonesia 3 1 3 0 0 0
Vietnam 1 0 1 0 0 0
Korea 1 0 0 1 0 0
Nepal 1 0 1 0 0 0
Thailand 1 0 1 0 0 0
Myanmar 0 1 0 0 0 0
japan 4 1 4 0 0 0
Total 23 4 20 2 0 1

% 100 - 87 8.7 0 43

We investigated the present situation of leprosy in the aspectof ~ Table 1C

drug-resistance mutation in new and relapse cases of leprosy by
molecular biological methods. In this study, drug-resistant
mutation was investigated amongst the patients presenting
positive PCR tests in the years from 2006 to 2010. A total 49
patients (27 new and 22 relapse cases) met the criteria and
included in this study.

For the detection of DNA of M. leprae, we performed PCR
amplification of the hsp-70 gene of M. leprae [1], and further tested
the hsp-70 PCR positive sample for drug-resistance determining
regions (DRDRs) {2]. Mutations were measured on the folP1 gene
for dapsone [3], the rpoB gene for rifampicin (RFP), and the gyrA
gene for quinolones [4,5]. Nested PCR conditions for drug
resistance were different from that of RLEP-nested PCR [6,7].

The number of newly reported leprosy in Japan between 2006
and 2010 shows decline whilst the proportion of imported cases
increased (Table 1A). Mutation analyses on the DRDRs of folP1, rpoB
and gyrA genes were applied to samples positive for hsp-70 with
PCR (Table 1B). All of the drug resistant samples originated from
imported cases (Table 1C).

All (22) of the relapse cases were Japanese nationals, and
mutation analyses on the DRDRs of folP1, rpoB, and gyrA genes
were performed (Table 2A). All of the drug resistant cases we
confirmed were lepromatous leprosy, multibacillary (MB) leprosy
case (Table 2B).

The mutation rate in relapse cases in Japanese was higher than
that of newly detected cases. This phenomenon is most likely to be
the result of prolonged administration of dapsone alone until the
1990s in Japan. The result indicated a strong correlation between
mutation rate and relapse. Two possible reasons were conceived
regarding the high positive rate of dapsone resistance in patients
with relapse: reinfection by the primary drug resistant strain and
reactivation of dapsone-resistant strains capable of persisting after
chemotherapy, as discussed below. Although it is still unclear
whether recurrences are caused by reinfection of M. leprae or by
reactivation of persistent M. leprae, close correlation between drug
resistance and relapse have been recognized likewise in several
studies [8,9].

The sum of the mutation rates with relapsed case for folP1, both
fol P1 and gyr A, and folP1 and rpoB, thus dapsone-resistant cases
were 23% (Table 2A). This rate falls approximately in the mid
portion of the ranges from other reports. Regarding other areas in
Southeast Asia, mutation rates for folP1 amongst the relapse cases
were 26% (5/19) in the Philippines (Cebu), 8.3% (2/24) in Myanmar
(Yangon), 10% (1/10) in Indonesia (North Maluku and North
Sulawesi) [10], and 57% (8/14) in Vietnam (the central and
highland regions) {7].

Drug resistant cases in newly registered patients. All of the drug resistant sarnples
originated from imported cases. Case 1: a 32 year-old male from Brazil having
borderline lepromatous leprosy presented folP1 mutation. Case 2: a 69 year-old
female from Korea having borderline lepromatous leprosy demonstrated folP1
mutation. Case 3: a 24 year-old male from Philippines with lepromatous leprosy
showed gyrA mutation. All of these cases drug resistant mutations were cases of
multibacillary (MB) leprosy.

Case  Country Age  Gender Classification  Mutation

1 Brazil 32 M BL? folP1 (dapsone)
2 Korea 69 F BL folP1 (dapsone)

3 Philippines 24 M LLP gyrA (quinolones)

2 BL, borderline lepromatous leprosy.
b LL, lepromatous leprosy.

Table 2A

PCR results of relapsed leprosy patients. The mutations detected on fol P1, ropB, fol
P1/gyr A, and fol P1{rpo B were 9.1% (2/22), 9.1% (2/22), 9.1% (2/22), 4.5% (1/22),
respectively. These data are summed up that the percentage of dapsone-resistant
cases was 23% (5/22), 14% (3/22) for RFP, and 9.1% (2/22) for quinolone.

Mutation Cases %

No mutation 15 68.2
Dapsone (folP1) 2 9.1
RFP (rpoB) 2 9.1
Dapsone and quinolones (folP1 and gyrA) 2 9.1
Dapsone and RFP (folP1 and rpoB) 1 45
Total 22 100

Table 2B

Drug resistant cases in relapsed leprosy patients. Cases detected with folP1
mutation included a 73 year-old male with history of dapsone use and 69 year-old
female with history of dapsone and RFP use. Cases detected with rpoB mutation
were a 77 year-old male with history of dapsone use and a 72 year-old male with
history of dapsone and RFP use. Cases that showed both folP1 and gyeA mutations
were a 71 year-old male with a history of dapsone and RFP use and a 77 year-old
female with history of dapsone use. The case that presented both folP1 and rpoB
mutations was 2 72 year-old male with history of dapsone and RFP use.

Case Age Gender Classification Mutation Past drug history

Dapsone RFP Quinolones

1 73 M LL SfolP1 + - -
2 69 F LL folP1 + -
3 77 M LL TpoB + -+
4 72 M LL rpoB + + -
5 71 M LL folP1 and gyrA + + -
6 77 F LL folP1 and gyrA + - -
7 72 M LL folP1 and rpoB + + =
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