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Molecular epidemiology of the leprosy

Masanori Matsuoka and Liangfen Zhang*
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Application of molecular biological techniques to the epidemiological study of leprosy is described. Studies of
detecting Mycobacterium leprae DNA in samples of the nasal mucus are discussed in terms of the epidemiology and
the significance of high prevalence. Epidemiological studies on the transmission of leprosy and correlation between |
geographic distribution of different M. leprae rpoT genotypes and prehistoric spread of the leprosy by genotyping
based on the genomic polymorphism are introduced.
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Guideline for the Treatment of Leprosy by New Quinolones

Masaichi Gidoh "*, Masako Namisato 2, Kimiko Kumano ®, Masamichi Goto 4,
Reiko Nogami®, Motoaki Ozaki ®
1) Leprosy Research Center, National Institute of Infectious Diseases
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4) Kagoshima University Graduate School of Medical and Dental Sciences
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6) National Sanatorium, Nagashima-Aiseien -

[Received: 16 Dec. 2003}
Key words : Leprosy, New quinolone, Ofloxacin, Guideline, Multi-drug therapy(MDT)

Ofloxacin{OFLX) is often applied today as a substitution drug of MDT for drug resistance to dapsone, rifampicin
or clofazimine. However, OFLX resistance is also becoming a great concern. Low and/or irregular administration
are considered to be the major causes of OFLX resistance. OFLX should be used as a combined therapy, and
minimal daily dose of 400mg of OFLX or 200~300mg of levofloxacin is required. Quinolone resistance should be
considered when no improvement of clinical and/or bacterial index is observed after the treatment for 6 months. In

such cases, resistance gene detection is necessary.

*Corresponding author : : :
Leprosy Research Center, National Institute Infectious Diseases
4-2-1, Aoba-cho, Higashimurayama-shi, Tokyo 189-0002, Japan
Tel:042-391-8211, Fax:042-394-5092

E-mail: m-gidoh@nih.go.jp
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HHEIAMFOEF T UWQ33SE L UWQ—3402®ﬁ B WHENEY £ Buddemeyerik & X — ¥ 7 X 2H
ETHET L7 Buddemeyeri#ETld, RFP>WQ-3402>sparfloxacin (SPFX) >gatifloxacin (GFLX)
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-6-fluore-8-methyl-7-methylamino-4-oxo-1, 4-
dihydroquinoline-3-carboxylic acid ethanolamine
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(AR 2RV
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' RFPiZdimethyl sulfoxide TS # . phosphate
buffered saline (PBS)
80,20,05, 0125 pg/mlil B X HAREL -,

2= Ky A REECR RN £H1T
1ZSPFX1310 mg/kg, WQ-3345i% 10, 20mg/kg,
WQ-3402 {310, 20mg /kg . £E 2 TiZSPFX {1
10 mg/kg, WQ-3402i% 30, 40, 50 mg/kgic%i %

X 950.001% TweenS0EHPBS (pH70) THREL

ALY

2) IBREROBH
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%3 — N, 70%L¥ / — NV CiEELPBS (pH
7.0) THEBEE, EEANEECRECLIVER
%, 005% P TSV (BRRERE) TUHE. 1%
KRBT b Uy AT (RRIBE) CREREEE
U5 | 7z, Shepardi®® THETEH. PBS (pH
70) T2x109/mizHML 72,

44

3) Ep

R — ]*‘"?‘72 (BALB/c-nu/nu. M. 5:84)
. BRI LT7HPEBAL, ¥2—VT7 4V L—
¥ CEPEIZHARH) FTRELLCYX
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Buddemeyeri : 4 mi#% 7 234 7V HZ7HI2
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Table 1. [fn vitro anti-M Jeprae activities of various fluoroguinolones
measured by Buddemeyer method

(pH 7.0} TE#HIREDS

Drugs u gfml % % o {cpm) Inhibition(%)b-
Control 40,193£748s | e
WQ-3345 80 7,699+633 81.1
2.0 18,582+983 53.8
0.6 27,243%2p4 322
0125 | 82,355%634 19.5
WQ-3402 8.0 5,443+57 86.5
20 11,474£772 715
0.5 23,041%211 427
0.125 26,942-705 38.0
LVFX 8.0’ 14,050+ 633 65.0
20 21,031 406 417
0.5 30,637804 23.8
- 0.125 33,1761,494 175
SPFX - 8.0 8750158 78.2
- 20 .| 12403£327 69.1
0.5 29,175:-438 448
0.125 30,580+440 23.9
GFLX 8.0 11,614£1,383 1
2.0 15,295 519 819
0.5 26,888=797 35.6
0.126 20,979:640 26.4
RFP 80 9,056+281 5
20 10,585+562 78.7
0.5 11,890:647 0.9
0125 | 21861508 " 458

a, Date are given as the mean*standard deviation of
triplicate samples.
b. [(specunen of control group(c) that of a drug grouple] x 160 (%)
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Fig. 1. Nude mice were infected with A4 /eprae, strain Thai-
53, by inoculating 1x107 bacilli into each of hind foot-
pads, followed by oral treatment with WQ-3402, WQ-
3345 or SPFX, given once a day, 5 times weekly,
between-days 60 to 152 postinfection at a daily dose
of 10 or 20 mg/kg. At 8,9,10 and 11 months after in-
oculation, the mice were killed and the number of

- AFBs in the 4 hind footpads of 2 mice was counted

according 1o the method of Shepard.
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Fig. 2. Antibacterial activity at high doses of W(Q-3402 against
© M /lgpraeinoculated into footpads of nude mice. In-
oculation of M Jeprae and counting of AFBs were
performed according to the methods shown in the
legend to Figure 1. - .

45

—163—



OFLXOERBEZRSIMTb - #R. OFLXHE
BAMIMLTETWA, T2, NV BV ROEE
CHERSh T RS WHEEDOR TRBEEREE
SNk, RFPEIAFUX /O OHRTH A, B
R SIS WEEEIS S, B ER CORIME

m@?;{:y\.‘jﬂ/ﬂ' B#/\L‘I V@Eﬁ%ﬁf*b LbhT

Vi b, :

FHE7 VAT ) O WQIMEDH & HiE K
3. BuddemeyerEd X— Fe 7 ARHEEL D
SPFXRUGFLX & ) B4 o7, WQ3402id,
BuddemeyerizTl, 7N+ 0F) 0 rhgEED

SPFX & D BVHL VWHTERZFH o TWwzdi,
X F= 7 2 REEEIZS0 meg/kg T b AT E2HH
Ty SPFX®GFLX LW B L v I #RC Lo

NrEVFEIR, BVWEIZL ) KRR RE
ERECB SN BRBIMETHLI LS, I

RIREDFRRIT TRIFRBGBITE, HICEE

ARITROBE WS SPFXiE, in vivolE THEWITS

WHERERTEELONL, X 5IIWQ-3402
(Tuz=2.7h)™ I&,SPFX (Dogs, per os, T12=80h)
9 GFLX (Tuz=62h) @ & M Eminsg
{, EBRBITHRERRER L EFNEEIS S
ZEPS, invivoTHRWILL WEERIZBE O
DolbDEER bR D,

T WQ-3345,WQ-3402% TR WA AP BEE

BASH EAREIC TR/ T LB KB
RAEMEFORFHILEEIEHEL LS,

X B

1) World Health Organizatio_n Leprosy Elimi-
nation Project, Status Report 2063. WHO,
Geneva 2004.

2) BREIEE, AH #. BRN-—- REHES.
RT3 F. BHEA, BIFTE >
WiaERE,. BEN VR VIRESHE. 60
157-177,2000.

3) Gelber, R, H, Iranmanesh, A, Murray, L. Siy,
P. and TsangM.: Activities of various

46

quinolone antibiotics against Mycobacterium
leprae in infected mice. Antimicrob. Agent
Chemother. 36: 2544-2547,1992.

4) Gidoh, M. and Tsutsumi, S. : Activity of
sparfloxacin against Mycobacterium leprae
inoculated into footpads of nude mice. Lepr.
Rev. 63: 108-116. 1992.

5) Gertrude P. C, Bernadette Y. G, Virginia E.
C. Jocelyn B. L., Claribel L. }. Manuela Luisa

. R, P, Jocelyn B. L. and Franzblau S: G. Clini-
cal trial of sparfloxacin for lepromatous lep-
rosy. Antimicrob. Agents Chemother. 38: 61-
65. 1994,

6) Engler, M., Rusing, G., Sorgel, F. and
Holzgrabe, U.: Defluorinated sparfloxacin as
a new photoproduct ider_ltiﬁed by liquid chro-
matography coupled with UV detection and
tandem mass spectrometry. Antimicrob.
Agents Chemother. 42: 1151-1159. 1998.

7) Hosaka, M., Yasue, T. Fukuda, H., Tomizawa,
H., Aoyama, H. and Hirai, K: In vitro and in
vivo antibacterial activities of AM-1155, a new
6-fluoro-8-methoxy quinolone. Antimicrob.
Agents Chemother. 36: 2108-2117.1992.

8) Kusajima, H., Ishida, R. and Uchida, H. :
Phototoxicity of gatifloxacin, a new quinolone,
and its related drugs in guinea pigs. Jpn.
Pharmacol. Ther. 26: 1655-1660, 1998,

9) Baker S. E. and Hangii, M. C.: Possible
gatifloxacin-induced hypoglycemia. Ann.
Pharmacother. 36: 1722-1726. 2002.

10) Biggs. W. S: Hypoglycemia and hyperglyce-
mia associated with gatifloxacin use in eld-
erly patiehts. J. Am. Board. Fam. Pract. 16:
455-457, 2003.

11) Kuramoto Y., Ohshita Y., Amano H, Hirano
Y., Hayashi N., Aoki S, Niino Y. and Yazaki
A Structure-activity relationships of novel
acid, 7-amino or 7-alkylamine-1-~ (5-amino-2.4-
difluorophenyl) -8-methylquinolones. 40th
Interscience Conference on Antimicrobial
Agents and Chemothe'rapy. 2000

(TorontCanada) . S



12) Hayashi N, Ohshita Y., Amano H., Hirao Y.,
Niino Y. and Yazaki A.. WQ-3330 and WQ-
2942; Structure-activity relaf_ionships of novel
8-methl quinolones containing an
aminopheny] group at the 1-position. 39th
Interscience Conference on Antimicrobial
Agents and Chemotherapy. 1999 (San
Francisco,USA) . ‘

13) Buddemeyer, E., Hutchinson, R. and Cooper,
M.:-Automatic quantitative radiometric as-
say of bacterial metabolism. Clin. Chem. 22:
1459-1464, 1976.

14} Franzblau, S. G.: Oxidation of palmitic acid
by Mycobacterium leprae in an axenic me-
dium. J. Clin. Microbiol. 26: 18-21, 1988.

15) BB I bVWEEEX— Fv v 2 EEELA
PIEABEEORE. AN & RS
64: 47-50, 1994.

16) Shepard, C. C. and D. H. McRae.. A method

Jpn.J.Leprosy 74, 43-48(2005)

for counting acid-fast bacteria. Int. J. Lepr.
36: 78-82. 1968.

17) R EEF, S0, ERRE. BOES
¥ N AR BER BB Hlsparfloxacin® i
RS T HEAER. BRIRIEZE, 7: 1639-1684, 1991.

18) FKILi&E, S&EMMF, WH K. MR
F. TiL¥4AE, AGET. RHEREE. &K
B, \WARE, BERS 7y MIBTAE
BHEWEOEBARTICOWT, HESE
101: 943-950, 1991. .

19) FiHE—, BEBZ. KEEEX. BAEA,
EAE N © Sparfloxacin® & EEIWHIC BT 5
WX, Ard & UHE. B AR {bEmke s
&b, 39, 123-130, 1991 :

20) KR &, BIIKSE. WTHIER. BEAL.
AHETZ. AEH K #HF/ o RAAE
gatifloxacin R ' 2 ONEREEOFNEE.
1. BHEEERENICBT BANERE BAMkEE
WA, 47 112123, 1999.

47

~165—



In vitro and in vivo activities of newly synthesized
fluoroquinolnes WQ-3345 and WQ-3402 against
Mycobacterium leprae
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Activities of newly synthesized fluoroquinolnes WQ-3345 and WQ-3402 against M.leprae were measured By
using the Buddemeyer method. The % inhibition of the examined drugs for M. leprae was in the order of RFP>
WQ-3402>SPFX >GFLX >WQ-3345>LVFX. The anti-M. leprae activity of WQ-3402 was found to be stron-
gest in these five fluoroquinolones when examined by this method, and the activity of WQ-3345 was weaker than
that of GFLX. : ‘

The anti-M.leprae activities of WQ-3345 and WQ-3402 were measured by a mouse footpad method using nude
mice. The inhibitory effects on the growth of M. leprae inoculated into the footpads were found to be incomplete
after orally adininistered with WQ-3345 or WQ-3402 respectively at dosages of 10 and 20 mg/kg, and the incom-
plete inhibition was again found even at a dosage of 30, 40 or 50 mg/kg in the latter.
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Studies of Lipoproteins of Mycobacterium leprae
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The deciphering of the genomic sequence of Mycobacterium leprae has made possible to predict the pos-
sible lipoproteins. The consensus sequence at the N-terminal region of the protein, including the cysteine
residue to which the lipid moiety gets attached, provides a clue to the search. As such, more than 20 putative
lipoproteins have been identified from Mycobacterium leprae genomic sequence. Lipoprotein LpK (4cces-
sion no. ML0603) which encodes for 371 amino acid precursor protein, was identified. Expression of the
protein, in Escherichia coli revealed a 33 kD protein, and metabolic labeling experiments proved that the
protein was lipidated. The purified lipoprotein was found to induce production of IL-12 in human peripheral
blood monocytes which may imply that M. Jeprae LpK is involved in protective immunity against leprosy.
Pursuit of such lipoproteins may reveal insights into the pathogenesis of the disease.

Introduction

According to World Heath Organization (WHO)
¢pidemiological survey report, the number of lep-
rosy patients.in the world was around 534000 at the

beginning of 2003, as reported by 110 countries.

About 620000 new cases were detected during 2002
(http://www.who.int/lep/). Inspite of the intensive
leprosy control measures taken, there is no evidence
as yet of a reduction in the number of new cases .
The situation implies that there is a need to develop
new vaccines and immunotherapeutic tools to con-

*Corresponding author :

Department of Microbiology, Leprosy Research Center,
National Institute of Infectious Diseases, 4-2-1 Aoba-cho,
Higashimurayama, Tokyo 189-0002, Japan

Tel: 042-391-8211 Fax: 042-394-9092

E-mail address: yumi@nih.go.jp

trol the disease. Moreover there is increased concern
about the disease due to the complications due to
severe reactions, peripheral nerve injury due to the
tropism of the bacilli to invade Schwann cells ** and
emergence of drug resistant bacilli %,

Bacterial lipoproteins containing N-acyl
diglyceride-cysteine residues, flanked by character-
istic arnino acids motif that are required for post-
translational processing via the signal peptidase II%
", have been extensively studied in Gram-positive
and Gram-negative bacteria. Membrane located 17
kD lipoprotein of Francisella tularensis reported by
Sjosted ef al. was found to be T cell stimulatory 9.
Lipoproteins released by pathogenic E. coli, Salmo-
nella typhimurium and Yersinia enterocolitica, were
found to induce proinflammatory cytokine in mac-
rophages and ameliorate pathologic changes associ-

ated with gram negative bacterial infection in mice'®.
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Borrelia burgdorferi and Treponema pallidum, the
etiological agents of lyme disease and syphilis, re-
spectively, are known to possess abundant lipopro-
teins 'Y, which act as major antagonists with the abil-

ity to influence both innate and adaptive immune re-

sponses during infection'?. The only two well stud-
ied mycobactenial lipoprotetns, are the 19 kD and 38
kD lipoproteins of Mycobacterium tuberculosis '
19 These lipoproteins are therefore presumed to be
involved in the host'responses,'induc_ing interleukin-
12 (IL-12) from the host cells. Since IL-12 has T cell
stimulatory properties; which in turn elicits produc-
tion of interferon- y (IFN- y ), and facilitates devel-
opment of Thi cells '*'®, these lipoproteins may be

involved in the induction of cellular responses to -

mycobacteria and thereby contributing to the devel-
opment of protective immunity'® 2. Identification
of lipoptoteins in M. leprae seems inevitable espe-
cially in terms of host defense and for the develop-
ment of new vaccines against leprosy.

Analysis of a M. ieprae lipoprotein

To date, relatively few lipoproteins of mycobac-
teria have been described. The database of the M.
tuberculosis genome (http://www.sanger.ac.uk/

: ProjebtsfM_tuberculosis/ )} revealed that there are

about a hundred putative lipoprotein coding genes,

but only about 40 genes have been identified in M.
leprae genome Y and almost half of the genes iden-

tified are pseudogenes. Table 1 shows the list of the

putative lipoproteins. One of the predictable lipopro-
tein was found to be partially homologous to the pre-
cursor of the glutamine binding protein, the other
one was a possible transport lipoprotein and the third
one was a putatitve secreted protease. But all other
lipoproteins had no homology to any other protein
of known function: One of the more interesting can-
didates is the gene annotated-as /pk (Accession No.
ML0603)?. The N-terminal residues of LpK showed
typical features of a signal peptide with a consensus
sequence (MISALMVAVAC) for the lipid modifica-
tion. A sequence homologue of Ipk was identified in

16

the M. tuberculosis genome databgse using the
BLASTN search tool. M. tuberculosis Rv 2413¢
(EMBL:AL123456, 316 amino acids) has 83.5%
identity in the 316 amino acid overlap. However, the
homolbgue has no consensus sequence for lipid
modification. The fact that the lipid consensus se-
quence was missing is quite surprising since many
of the M. leprae genes when compared to those of
M. tuberculosis genes are pseudogenes as analyzed
from the gene databases V. This fact may indicate -
that this lipoprotein may be specific to M. leprae and
have a significant role in bacteria, specifically re-
lated to the unique features of the organism such as
proclivity for Schwann cell invasion or development
of reactions. Since it is not feasible to obtain adequate
amount of protein from M. leprae for analyses, the
gene was cloned and the protein expressed and puri-
fied in E. coli (Fig.1). The basic lipoprotein nature
of LpK was verified experimentally. Metabolic la-
beiling of the bacterial protein with radioactive glyc-
erol provided presumptive evidence of a covalent
linkage of lipid to LpK. .

Murine experiments with infectious pathogens, in-

dicate that IL-12 plays an important role in inititation

and regulation of the T cell responses such as Thl % \
249, In vitro experiments with M. tuberculosis sug-

- gested that IL-12 is induced rapidly after infection '

2,28 and in in vive IL-12 was crucial for the devel-
opment of protective immunity against tuberculosis
2, When we examined whether IL-12 was inducible
by LpK in human monocytes, LpK induced IL-12 at
a significantly high level, a level that could be main-
tained even in the presence of polymyxin B (Fig. 2).
Another M. leprae putative lipoprotein (gene prod- '
uct of Accession No. ML1699) was expressed in in-
clusion bodies of E. coli. The purified protein, of
molecular weight 39 kD, did not induce any signifi-
cant amount of IL-12 in human monocytes. The rea-
son for non-inducing capability of the purified 39
kD protein, may be the lack of lipidified region, al-
though the exact reason remains unclear.
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Discussion

M. tuberculosis 19 kD lipoprotein is both cell wall
~ associated and secreted lipoprotein which stimulate
proliferation of human T cells and promotes neutro-
phil priming and activation %29, It is also known to
induce apoptosis in macrophages through TLR2 li-
gation . 'Recently, the synthetic lipopeptide consist-
ing of the N-terminal portion of M. leprae 19 kD
lipoprotein is shown to induce apoptosis in human
Schwann cells, also through TLR2 . At present,
TLR2 seems to be the only receptor known to be
involved in signaling of bacterial lipoproteins and
lipopeptides *. In likewise manner, TLR2 seems to
be the receptor on antigen presenting cell, which is
involved in M. leprae LpK lipoprotein signaling. But
~ blocking of TLR2 with its antagonistic antibody does
not completely inhibit the T cell activating ability of
. lipoprotein. Therefore other receptors as yet un-
known, may be required for the signaling, Also, TLR2
seems to associate with TLR1 and recognise the na-
tive 19 KD M. tuberculosis lipoprotein and synthetic
triacylated but not the diacylated lipopeptide 32 33,
Such type of inter-related receptors may also be worth
investigating.

Display of outer surface protein A (OspA) anti-
gen as membrane associated lipoprotein by M. bovis
bacillus Calmette-Guerin seem to be necessary for
protection against Borrelia burgdorferi infection
(Lyme disease)>. But there are a few reports which
considers the involvement of lipoprotein deleterious

.to protection against disease 3. Therefore it would
be necessary to see whether the display of M. leprae
lipoproteins could enhance host defense-associated
immunity as well as serve in protection against the
disease in in vivo. '

IL-12 production in mycobacterial diseases is
known to contribute to antimycobacterial defenses
17,3637, by triggering of interferon- y which, in turn,
can reduce, for-example, the bacillary load in lepro-
matous lepi'osy patients '. In this respect, we can
anticipate that lipoproteins may have the potential to
be used as an immunotherapeutic agent against lep-

JpnJ Leprosy 73, 15-21{2004)

rosy. We may have to investigate the IL-12 inducing
ability of other lipoproteins of M. leprae and the de-
tailed mechanism by which the signal is transduced.

In conclusion, LpK, induced the prodiction of IL~
12 which may indicate a significant role in the in-
duction of cellular responses leading to the develop-
ment of protective immunity against the intracellu-
lar organism. Although the engagement of lipopro-
teins in the pathogenesis of leprosy is still to be evalu-

_ ated, ongoing studies are conducted to evaluate its

immunogenic role on leprosy.
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TABLE 1. The putative lipoproteins of M. feprae’

No. of
No. CDS Number | amino Products
(M. leprae) acid
: residues

1 MLO136 233 Putative l'ipoprotein {IppX)
2 ML0246 218 Putative lipoprotein (IpaT)
3 ML0319 183 Putative lipoprotein (IpqE)
4 ML0489 556 Hypothetical lipoprotein

5 MLQ557 238 Putative lipoprotein (IprG) .
6 ML0603 3N Lipoprotein '

7 ML0775 589 Putative lipoprotein (IpgB)
8 ML0902 239 Putative lipoprotein

9 ML1086 468 Probable transport protein
10 ML1093 285 lipoprotein

11 ML1099 202 Putative Iipoprotein

12 MLI1115 188 Possible lipoprotein

13 ML1116 187 Lipoprotein {IrpC)

14 ML1177 126 Possible lipoprotein

15 ML1315 . 194 Probable lipoprotein (ippK)
i6 ML1339 525 Putative secreted protease
17 ML 1427 ‘445 Possible transport protein
18 ML1699 302 Putative lipoprotein

19 ML1966 161 Possible lipoprotein (IpgH)
20 ML2010 153 | Putative lipoprotein
21 ML2446 441 Possible lipoprotein
22 ML2593 393 | Putative lipoprotein (iprK)

'CDS from M. leprae Sanger database and number of amino acids in the
prolipoprotein forms of the M. leprae lipoproteins are shown.

IL12p40 (pg/mi)

Fig. 2:

Fig. 1 : Expression and detection of M. leprae LpK in E. cof,
A. Coomassie stain ; 1, mock transformed and 2. jpk
transformed E. coli extract. B. Western blot of the

20

same, using monoclonal anti-His tag antibody.
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IL-12 p40 production is induce'd by M. leprae lipopro-

tein LpK : IL-12 p40 cytokine induction from human
blood monocytes was observed using 1-LpK, 2-gene
product of ML1699, 3-1.PS. Hatched bar indicates the
production of IL-12 p40 in the presence of polymyxin
B.



