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Immunology/Serology/Animal
Models in Leprosy

Host and Bacterial Molecules
Mediating Phagocytosis of My-
cobacterium leprae by Human
Mononuclear Phagocytes: Lar-
ry S. Schlesinger and Marcus A.
Horwitz

The T-Cell Receptor Reper-
toire in Mycobacterial Infec-
tion: Robert L. Modlin, Koi-
chi Uyemura, Jeffrey Ohmen,
Xiao-Hong Wang, Thomas H.
Rea and Peter F. Barnes
Coffee Break

Distribution of Anti-Lam-B
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Shinzo Izumi, Yumi Maeda,
Kunio Kawatsu, M. Dali Ami-
ruddin, Kentaro Hatano, Mau-
ro F. Mendes and Agha M.
Choudhury

Susceptibility of Severe Com-
bined Immunodeficient (SCID)
Mice to Mycobacterium leprae:
The Multiplication of M. leprae
Inoculated into Both Hind Feet
at an Early Stage: Yasuko Yogi,
Kazunari Nakamura, Tuyoshi
Inouye, Konio Kawazu, Yosh-
iko Kashiwabara, Yoshiki Sak-
amoto, Shinzo Izumi, Muneo
Saito, Kyoji Hioki and Tathuji
Nomura

3:20 p.m.

OPENING REMARKS

Thoughts on Future Research Directions Under the
United States—Japan Cooperative Leprosy Program

Since its inception over 25 years ago, the
U.S.-Japan Cooperative Leprosy Program
under the aegis of the U.S.-Japan Cooper-
ative Medical Science Program has devoted
itself to the application of fundamental re-
search to the control of global leprosy. Tra-
ditionally, it has concentrated on the dis-
section and definition of the immune
response in leprosy, on the dissection and
definition of the antigenic components of
the leprosy bacillus and, with that, the clon-
ing, sequencing and production of the major
antigens of Mycobacterium leprae and, more
recently, the creation of attenuated strains
encoding the major M. leprae antigens in
alternative hosts. In the arena of diagnos-
tics, participants in the Program have con-
centrated on serology, both antigen and an-
tibody detection, on the generation of a new
order of skin test reagents and, more re-
cently, on the application of gene amplifi-
cation techniques for diagnostic purposes.
In the arena of the pathogenesis of leprosy,
participants in the Program have dwelt
largely on cell and cytokine definition with-
in leprosy lesions and the implementation
of immunotherapy regimens. In addition,

the definition of bacterial inducers of patho-
genesis and the identification of genes and
gene products involved in pathogenesis have
been goals of the Program. Participants in
the Program have worked with others in
formulating and implementing the present-
day multiple drug therapeutic regimens, and
in designing and implementing the present-
day three major vaccine trials. Participants
in the Program, based on emerging infor-
mation on the genome of M. leprae, are also
collaborating with others in mapping the
entire genome. Many of these endeavors are
spearheaded by other programs, such as
those sponsored by the WHO/TDR Special
Program.

Progress in basic research in leprosy dur-
ing this period under the U.S.-Japan Co-
operative Program and like programs has
been exceptional. For instance, nine major
immunoreactive proteins have been cloned,
sequenced, and are now available in quan-
tity either in the native or in recombinant
form. With this fundamental work has come
the realization that several of the predom-
inant immunogenic protein antigens of M.
leprae share sequence homologies with pro-
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teins throughout living kingdoms and may
be involved in self-mimicry and auto-im-
munity which may have a bearing on such
important events as nerve damage and reac-
tional states in leprosy. The major carbo-
hydrate-containing antigens of M. leprae
have been isolated, structures elucidated,
made available in quantity, and implicated
in a range of host-pathogen events. A deeper
understanding of the cellular immune re-
sponse in leprosy has emerged, namely, how
different classes of T-cell subsets contribute
differently to protection and pathology in
leprosy; how cytotoxic and helper T cells
collaborate in certain responses; how dif-
ferent phenotypes of human helper T cells
may explain the dichotomy between anti-
body production and T-cell proliferation in
leprosy; how different classes of M. leprae
antigens may activate different functional
classes of T cells, including those of the gam-
ma-delta receptor phenotype; how different
cytokines evoked by different subsets of T
cells, in turn activated by different classes
of antigens, may contribute to protective
immunity or to immunopathology. Inno-
vative immunotherapeutic interventions,
based on this information, are being imple-
mented. In addition, during this period,
counteracting the disappointment in the ap-
plicability of serological tests based on in-
dividual M. leprae antigens, have come new
developments, new biological tools, and new
techniques of potential use in disease con-
trol. These include DNA and RNA probes
and a new generation of synthetic, recom-
binant, and native antigens of possible use
as skin-test reagents. Gene amplification
techniques now show promise in assaying
the viability of the bacillus, in testing for
resistance to drugs, and in providing mea-
sures of infection incidence and prevalence
rates of disease and of the occurrence of
bacteria in different body tissues and in the
environment.

Throughout all of this time, the rationale
for this surge of fundamental research was
the perception of worldwide leprosy as an
intractable disease and the belief that fun-
damental developments could aid in its
control and ultimate eradication. However,
there is now increasing evidence that the
global leprosy of today has vastly changed
and, consequently, the refocusing of basic
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research to address this new scenario may
be called for. We are now hearing that the
numbers of registered leprosy patients
worldwide has been reduced from 5.4 mil-
lion in 1987 to 4.9 million in 1988 to 3.9
million in 1990, and that the total number
of cases in 1990 is 30% lower than those in
1985. In addition, a recent examination of
the results of the implementation of mul-
tiple drug therapy (MDT) shows that in Sep-
tember 1990, 55.7% of total registered lep-
rosy cases are on MDT, and already 1.2
million patients have completed the drug
regimen. And, in view of these encouraging
results, experts now indicate that it is not
unrealistic to expect a reduction of the lep-
rosy caseload by as much as 60% to 80% in
the next 5 to 10 years, at least in countries
with effective programs. Indeed, a goal was
set at the recent World Health Assembly for
the “elimination” of leprosy as a public
health problem (i.e., a prevalence of less
than 1 per 10,000 population) by the year
2000.

Nevertheless, it is imperative that partic-
ipants in this Program should ask them-
selves whether such goals are feasible. Will,
for instance, these anticipated major reduc-
tions in prevalence not be offset by prob-
lems in drug implementation in certain ar-
eas of the world, and will the incidence of
new disease arising from infections caught
years earlier not come to the fore some years
from now? Is there a need to be concerned
about the old bug-a-boos of resistance and
relapse? Clearly, there is the belief abroad
that leprosy is rapidly on the wane, and this
view is already having profound effects on
funding for research in leprosy and on the
future of research-based programs. Thus, it
is imperative that participants in the pres-
tigious U.S.-Japan Cooperative Leprosy
Program begin to determine what is per-
ception and what is realism and plan ac-
cordingly. The future of this Program will
come under scrutiny 2 years from now, and
it is essential that facts, not perceptions, be
the determinants.

Depending on the outcome of this as-
sessment, by we ourselves the embodiment
of the program, we must then ask ourselves
whether there is still the need for vaccine
development in light of the apparent excel-
lent prospects for appreciable control
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through MDT. The epidemiologists among
us tell us that the real test for the epide-
miological impact of MDT must be seen in
terms of decline of the incidence rate, and
these epidemiologists expect that the cur-
rent drug regimen in conjunction with ef-
ficient implementation will bring about such
an effect. On the other hand, some epide-
miologists also argue that there has been no
overwhelming evidence for a decline in the
incidence rate of leprosy observed in the 5
or more years of multiple drug programs.
Regardless, epidemiologists and field-con-
trol researchers also argue that a low case-
load after MDT implementation will gen-
erate a demand for the integration of a
vertical leprosy program into the general
health services with the need for more early
detection and management of patients with
leprosy. Thus, a program such as the U.S.—
Japan Cooperative Leprosy Program has an
important role to play in the context of this
scenario. Leprosy control programs will need
sensitive and specific methods for leprosy
diagnosis; there is a continuing need for
methods for monitoring trends in leprosy
disease and transmission of infection. And,
most of all, the epidemiologists argue, there
is still a genuine need for a primary pre-
ventative measure, viz., an effective pro-
phylactic vaccine against leprosy.

Indeed, paramount to these considera-
tions is the realization that preliminary re-
sults from the Venezuela vaccine trial ini-
tiated in 1984 by Dr. Convit will become
known in September 1991, shortly after the
upcoming Joint meeting. You will recall that
this trial involved immunization of leprosy
contact populations with either live BCG or
live BCG plus heat-killed M. leprae. As-
suming a positive outcome with either com-
bination and assuming that we convince
ourselves of the need for continuing vaccine
development, the U.S.-Japan Cooperative
Leprosy Program should be in a position to
contribute hugely to the goal of a second-
generation vaccine. For instance, from this
Program has emerged the concept that not
only macrophage activation but also T-cell
lysis of target cells are major contributors
to protective immunity. The concept that
class-II-restricted T cells and perhaps nat-
ural-killer cells are implicated in protective
immunity has also been advocated by par-
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ticipants in this Program. In addition, the
role of y-interferon in macrophage activa-
tion, the role of IL-2 in recruitment of cy-
tolytic CD4 and CD8 cells, and the role of
T-helper cells in the DTH response, which
itselfis regarded as a harbinger of protective
immunity, were all advanced by partici-
pants in this Program. Thus, the Program
has helped enunciate key immunological
markers of protective immunity which could
in the future become the yardsticks of the
effectiveness of any new vaccine regimen.
In addition, in terms of the actual protective
antigen, participants in this Program have
helped in the definition and production of
such proteins as the 70 kDa, 65 kDa, 18
kDa, 36 kDa, 35 kDa, the several 28 kDa
products, the 10-kDa protein, and the sev-
eral smaller molecular weight products, most
of which conform to at least some of the
specifications of inducers of protective im-
munity, at least in /n vitro and in whole
animal studies. In addition participants in
the Program have developed strategies for
the upgrading of the cellular immune re-
sponse in leprosy through the administra-
tion of recombinant IL-2 or y-interferon.
Thus, where the U.S.—Japan Cooperative
Leprosy Program might best contribute to
the more stringent control of worldwide lep-
rosy leading to its ultimate eradication could
be in the practical implementation of sec-
ond-generation vaccines or other immu-
nological interventions. Such a joint ven-
ture could involve, firstly, the identification
of suitable implementation sites in leprosy-
endemic areas, perhaps within the geo-
graphical encompass of Japan, such as in
areas of The Philippines, Thailand, Myan-
mar or Indonesia, and, secondly, the crea-
tion of immunological laboratories in these
areas capable of measuring some of the key
immunological parameters associated with
protective immunity in response to im-
munizations with some of the key recom-
binant proteins already identified. A role for
U.S. participants could be in the provision
of the necessary recombinant and native
proteins and the conducting of the necessary
toxicity studies and in the seeking of the
necessary regulatory permission. In addi-
tion, a group of joint immunologists (U.S.
and Japanese), in conjunction with others
from other international programs, could
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convene in order to identify what would be
the key harbingers of protective immunity
to be measured in such trials. One would
envisage such immunological trials presag-
ing another future, large-scale protection
study based on subunits or recombinant
versions of M. leprae. In the meantime, the
long-time, traditional efforts of participants
in the U.S.-Japan Leprosy Program should
continue in areas such as developing new
generations of diagnostic procedures and in
implementing a new order of immunothera-
peutic intervention, as well as in the iden-
tification of new chemotherapy regimens and

International Journal of Leprosy
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the recognition within the pathogen itself of
new sites for tailored chemotherapy.

Thus, the challenge for participants at the
upcoming Joint Leprosy forum is to analyze
available data on the status of present-day
leprosy and, accordingly, to formulate a re-
vamped research strategy aimed at the elim-
ination of leprosy, a long-time aspiration of
this outstanding Program, and in accord with
the worthy goal of the World Health As-
sembly.

—Patrick J. Brennan, Chairman
U.S. Leprosy Panel
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He, H., Oka, S., Kashima, K., Ide, M., Ya-
mamura, Y., Maekura, R., Kanetsuna, S.,
Izumi, S. and Yano, I. Production and
characterization of antibody against cord
factor (trehalose 6,6'-dimycolate) in mice
and its application to rapid serodiagnosis
of human mycobacteriosis including tu-
berculosis and leprosy.**

Mycobacterial infections, including tu-
berculosis and leprosy, have long been
known to be important in human beings and
other animals. The incidence of mycobac-
teriosis has been decreasing since World
War II but it is still a problem in develop-
ing countries, and there is also current in-
terest in mycobacteriosis associated with the
acquired immunodeficiency syndrome
(AIDS). However, the diagnosis of myco-
bacterial infections is still based on finding
bacilli in the secretions of patients, and se-
rodiagnosis has not been successful. Cord
factor (trehalose 6,6'-dimycolate) is a cell-
wall glycolipid found widely among My-
cobacterium, Nocardia and related Actino-
mycetes. It is toxic and may be related to
mycobacterial virulence. An antibody
against cord factor has been produced ex-
perimentally, but an antibody against cord
factor was not found in tuberculosis pa-
tients. We investigated antibody production
against cord factor and related mycolyl gly-
colipids in the mouse and rabbit with sev-
eral intravenous injections of cord factor in
water/oil/water micelles, and found high ti-
ters of antibody in the sera. Here, we found

* Many of these abstracts were not provided by the
authors but are a synopsis prepared by the Chairman.

** From Tuberculosis Research Conference, Tues-
day, August 6, 1991, morning session.

a high titer of antibody against cord factor
in the sera of patients infected with Myco-
bacterium tuberculosis or nontuberculous
mycobacteria; the titer tended to be es-
pecially high in patients excreting acid-fast
bacilli in the sputum. Also, in the case of
sera from leprosy patients, IgG antibodies
against cord factor were observed. To the
best of our knowledge, this is the first report
that an ELISA with cord factor as the an-
tigen is useful in the serodiagnosis of general
mycobacterial infections. [Department of
Bacteriology, Osaka City University Med-
ical School, Osaka; National Sanatorium
Toneyama Hospital, Toyonaka; National
Sanatorium Aoshima Seishoyen and Na-
tional Institute for Leprosy Research, To-
kyo, Japan]

Suzuki, Y., Mineta, T., Kobayashi, K.,
Ohara, N., Yukitake, H. and Yamada, T.
The progress of the study of the ribo-
somes of BCG vaccine.***

From the point of view of developing a
BCG vaccine to protect against leprosy, a
detailed study on the molecular biology and
immunology of the BCG vaccine is re-
quired. In such a study, we reproduced ear-
lier work and further addressed the ribo-
somes of BCG. The important conclusions
are summarized as follows: 1) Ribosomes
for Mycobacterium bovis BCG could not
translate the Escherichia coli phage f2 RNA
in a cell-free system. 2) M. bovis BCG con-
tained only a minimum set of ribosomal
RNA (rRNA) genes. 3) The 16S rRNA gene
was cloned and sequenced. It contained

*** From Joint Tuberculosis and Leprosy Sympo-
sium, Wednesday, August 7, 1991, morning session.
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Shine Dalgano sequence identical to E. coll.
For comparison, a 16S rRNA gene of Strep-
tomyces lividans was cloned and sequenced.
M. bovis BCG had 89% homology with S.
lividans; whereas it had 75% homology with
E. coli. 4) The structure and function of the
promoter were studied. The initiation site
of transcription was estimated by the primer
extension method. Seven signals were seen
at —265, — 187, and at five other positions.
On inspection of the sequence, TTGACT
(=215 to —220) and TATTAG (—197 to
—202), which are similar to E. coli pro-
moter ‘“‘consensus’’ sequences (—35to —10
regions), were found. These sequences are
probably the promoter for the initiation at
—187. The other initiation site (—265) con-
tained Bacillus subtilis “‘consensus” like — 10
sequence TATGCT, although the defined
—35 region was absent. RNA was synthe-
sized with E. coli RNA polymerase. E. coli
RNA polymerase recognized the promoter
located at about 200 bp upstream from 5'-
end of 16S rRNA gene. That this promoter
was also active in the in vivo system of E.
coli was shown in the Maxi-cell strain of E.
coli N17-9. The signal at —265 can prob-
ably proceed only with M. bovis BCG en-
zyme. Whether the signals at the other four
positions in the primer extension system in-
dicate the initiation or processing products
remains to be elucidated. 5) M. bovis BCG
contains a low number of ribosomes, a part
of which was confirmed by biochemical and
morphological methods. [Research Insti-
tute for Microbial Diseases, Osaka Univer-
sity, Yamada-kami; School of Dentistry,
Nagasaki University, Sakamoto-machi 7-1,
Nagasaki, Japan]

Mehra, V. L., Modlin, R. L., Wu-Hunter,
S., Brennan, P. J., Bajardi, A. C., Alland,
D. and Bloom, B. R. Characterization of
cell-wall associated 10-kDa heat-shock
protein of M. leprae which is a major
T-cell antigen.***

We have previously demonstrated that
cell-wall antigens are as potent as intact ba-
cilli in inducing lymphoproliferation of T
cells from immunized individuals, and in
eliciting delayed-type hypersensitivity

*** From Joint Tuberculosis and Leprosy Sympo-
sium, Wednesday, August 7, 1991, afternoon session.
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(DTH) reaction in guinea pigs and humans
sensitized to Mycobacterium leprae. This
immunological reactivity was destroyed by
proteolysis, indicating that cell-wall pro-
tein(s) is a major contributor to cell-medi-
ated reactivity of M. leprae. The immuno-
reactive protein determinants associated
with the purified cell walls were identified
by analyzing M. leprae proteins separated
on SDS-PAGE using cell-wall reactive,
T-cell lines/clones developed from tuber-
culoid leprosy patients and lepromin skin-
test-positive individuals. The major T-cell-
stimulating, cell-wall-associated proteins
were of the 7-10-kDa protein, 16-18-kDa
molecular weight ranges. In order to char-
acterize these further, the 7-10-kDa protein
was electroeluted and resolved on two-di-
mensional PAGE. The two-dimension spot
was directly subjected to protein microse-
quencing to obtain the N-terminal sequence
of the first 20 amino acid residues, which
was found to be identical to BCG-a protein,
except for residues 4, 15 and 17.

We have isolated the gene encoding M.
leprae 10-kDa protein from the Agtll li-
brary of M. leprae and determined its nu-
cleotide sequence. The deduced amino acid
sequence of this protein bears 90% identity
with BCG-a protein of M. tuberculosis (10—
12 kDa) which has been reported to have a
44% identity with the heat-shock protein
GroES (hsp 10) of Escherichia coli. Further,
we have produced the recombinant 10 kDa
of M. leprae in E. coli as a fusion protein
with maltose-binding protein (MBP), using
the expression vector pMAL-c. The MBP-
10 kDa is cleaved with the specific protease
factor Xa at the four amino acid recognition
sequence, present just before the N-terminal
of the recombinant protein, to obtain re-
combinant 10-kDa protein.

Preliminary studies to determine the
reactivity of lymphocytes from the leprosy
patients to M. leprae, purified cell wall, and
10-kDa antigen show significant lympho-
proliferative response of peripheral blood
lymphocytes and cell-wall-reactive clones,
obtained from M. leprae-immunized indi-
viduals and tuberculoid leprosy patients, to
the native and recombinant 10-kDa anti-
gen. The reactivity is greater than any other
purified antigen tested. In addition, using
the T-cell clones reactive to the 10-kDa an-
tigen of M. leprae and/or M. tuberculosis,
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we have identified one M. leprae-specific
epitope located at the N-terminal region.
[Albert Einstein College of Medicine, Bronx,
New York; Colorado State University, Fort
Collins, Colorado; University of California,
Los Angeles, California, U.S.A.]

Makino, M. and Suzuki, Y. Studies on al-
pha-antigen gene of Mycobacterium lep-
rae: molecular biological studies of M.
leprae-specific epitopes of alpha-anti-
gen.*x*

The Mycobacterium leprae gene encoding
the immunoreactive protein (the alpha-an-
tigen) was amplified using polymerase chain
reaction (PCR) and cloned. The primers for
the PCR were designed by comparing three
alpha-antigen genes of other species. The
entire nucleotide sequence of the amplified
alpha-antigen gene was determined by the
dideoxi-termination method. The deduced
amino acid sequence of the alpha-antigen
of M. leprae showed 77%, 79%, and 70%
homology with those of M. bovis BCG, M.
kansasii, and M. tuberculosis, respectively.
In addition, two possible M. leprae-specific
epitopes were identified by comparison of
deduced amino acid sequences of the four
alpha-antigen genes. [Osaka Prefectural In-
stitute of Public Health, 3-69 Nakamichi,
1-Chome, Higashinari-ku, Osaka, Japan]

Sathish, M. and Shinnick, T. M. Identifi-
cation of genes involved in the resistance
of mycobacteria to killing by macro-
phages.***

This study demonstrates that mycobac-
teria possess genes and gene products that
actively resist the bactericidal activities of
macrophages, and describes an effective
strategy to isolate and identify such genes
and gene products. In particular, we de-
scribe the identification of three different
genetic elements from Mycobacterium lep-
rae which appear to be involved in resis-
tance to killing by macrophages. This study
used Escherichia coli as a host cell for the
initial isolation of the mycobacterial genetic
elements which confer increased survival
onto the bacterial host. However, since not
all mycobacterial genes are efficiently ex-

*** From Joint Tuberculosis and Leprosy Sympo-
sium, Wednesday, August 7, 1991, afternoon session.
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pressed in E. coli, mycobacterial genomic
libraries are being constructed in E. coli-
mycobacterium shuttle vectors, and the en-
richment process and screening will be re-
peated with recombinant DNA libraries in
M. smegmatis.

One limitation of this approach is that it
can effectively identify only genes which im-
part increased survival as a result of the
direct effect of a gene product on resistance
to killing by the macrophage bactericidal
activities. This may include previously
identified mycobacterial proteins, such as
superoxide dismutase and catalase. Other
genes involved in the ability of mycobac-
teria to survive and multiply intracellularly
may not be isolated by this approach. Such
genes may include those a) required for
scavenging essential metabolites (e.g., my-
cobactin); b) involved in synthesis of com-
ponents required for growth (e.g., thymi-
dine, aromatic amino acids); c¢) which
modulate (upregulate or downregulate) oth-
er genes or operons; or d) which are part of
a multi-protein complex or pathway (en-
zymes required for cell-wall biosynthesis).
Nonetheless, the approach described in this
study will identify an important class of
genes and gene products, and may provide
invaluable insights into the survival of my-
cobacteria within macrophages and identify
potential new targets for combatting these
important pathogens. [Department of Mi-
crobiology and Immunology, Emory Uni-
versity, Atlanta; Division of Bacterial and
Mycotic Diseases, Centers for Disease Con-
trol, Atlanta, Georgia, U.S.A.]

Fukutomi, Y., Adams, L. and Krahenbuhl,
J. Tumor necrosis factor in experimental
leprosy.

These studies show that exposure of nor-
mal macrophages to Mycobacterium leprae
or mycobacterial constituents provides a
potent stimulation of tumor necrosis factor
(TNF) production. The use of Polymyxin B
to neutralize lipopolysaccharide (LPS)-in-
duced TNF production, together with the
precautions used to prepare the bacilli and/
or purify mycobacterial constituents, rules
out the conclusion that observations such
as these are attributable to contamination
of the reagents with LPS. The role of local
TNF production in host resistance to lep-
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rosy remains open to speculation. Compel-
ling evidence exists that local TNF elabo-
ration is important in the formation of the
epithelioid granuloma and control of BCG
growth in mice. Whether a similar role for
TNF can be demonstrated in mice infected
with M. leprae is currently under investi-
gation. Even in the nu/nu mouse model for
a lepromatous lesion, the continuous elab-
oration of low levels of TNF may have a
profound local effect on the maintenance of
the lesion by virtue of the potent effects that
TNF may have on blood vessel endothelial
cells and diapedesis of macrophages into the
lesion. We present our findings regarding
the ability of TNF-containing supernatant
media to markedly upregulate the macro-
phage effector function in the absence of
interferon-gamma. [Immunology Research
Department, Laboratory Research Branch,
GWL Hansen’s Disease Center, Carville,
Louisiana, U.S.A.]

Fukutomi, Y., Adams, L. and Krahenbuhl,
J. Macrophages infected with Mycobac-
terium leprae or treated with mycobac-
terial constituents release factors that
modulate afferent and efferent macro-
phage function.

In our previous studies we have decribed
defective macrophage (MAC) function in
experimental leprosy where a heavy burden
of intracellular Mycobacterium leprae or
treatment with M. leprae or M. tuberculosis
lipoarabinomannan (LAM) renders MAC
unresponsive to the ability of interferon-
gamma (IFN-v) and lipopolysaccharide
(LPS) to enhance MAC afferent and efferent
effector function. This effect required 3-5
days of infection or a relatively high dose
of LAM. The present studies are funda-
mentally different since we examined the
striking ability of LAM and M. leprae to
modulate MAC function in only a few hours.
More importantly, although the 5-hr su-
pernatant induced by M. leprae, LAM, or
LPS downregulated Ia induction, these su-
pernatant media actually enhanced MAC
efferent effector function rather than render
the MAC refractory to IFN-y induced ac-
tivation, as described previously.

The ability of M. leprae and LAM to in-
duce activating supernatant is a property
shared with LPS yet is fundamentally dis-
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tinct since Polymyxin B blocked both tumor
necrosis factor (TNF) induction and pro-
duction of activating supernatant by LPS
but not M. leprae or LAM. Once produced,
the activity of the supernatant was not ab-
rogated by Polymyxin B, regardless of the
source. In exploring the identity of the ac-
tive factor(s) in these supernatants, indo-
methacin or exogenous PGE, failed to alter
the results, suggesting MAC-derived ara-
chidonic acid metabolites were not in-
volved. We examined the roles of a variety
of cytokines using two approaches: addition
of the cytokines to test media and depletion
of cytokines from supernatant with neu-
tralizing antibody. Interestingly, only neu-
tralization of TNF activity with specific an-
tibody abrogated the ability of supernatant
to activate MAC as measured by enhanced
microbicidal capacity for Toxoplasma or M.
leprae, enhanced production of NO,, and
enhanced tumoricidal activity. However, the
role of TNF remains very unclear since in
each of these assays for MAC activation
TNF alone was ineffective in activating the
MAC. It is possible that TNF does play a
key role in the supernatant activation de-
scribed, but as a potent co-factor to an as
yet unknown product of short-term MAC
stimulation. The relevance of these findings
is also unclear. Possibly we have described
a mechanism whereby MAC exposed to M.
leprae or mycobacterial products are able to
secrete factor(s) that markedly modulate the
function of nearby MAC in the absence of
T-cell-derived lymphokines. The possible
role of this phenomenon in the local micro-
environment of the tuberculoid or lepro-
matous granuloma is worthy of further
investigation. [Immunology Research De-
partment, Laboratory Research Branch,
GWL Hansen’s Disease Center, Carville,
Louisiana, U.S.A.]

Yamamura, M., Uyemura, K., Rea, T. H.
and Modlin, R. L. Defining protective im-
mune responses to infectious pathogens:
lymphokine and cytokine profiles in lep-
rosy lesions.

The present observations in human lep-
rosy lesions clearly reveal two distinct pat-
terns of cytokine production that correlate
with the known levels of cell-mediated im-
munity (CMI) against infection. Thl-like
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lymphokine mRNAs were abundant in tu-
berculoid lesions which are basically self-
healing and characterized by resistance to
growth of Mycobacterium leprae. In marked
contrast, Th2-like lymphokine mRNAs were
abundant in lepromatous lesions correlating
with the immunologic unresponsiveness to
M. leprae. The abundance of IL-2 IFN-v,
lymphotoxin, and GM-CSF in tuberculoid
lesions is likely to contribute to the resistant
state of immunity in these patients. IFN-vy
is well known to enhance production of re-
active oxygen and nitrogen intermediates by
macrophages and to stimulate them to kill
or restrict the growth of intracellular patho-
gens. IFN-y also augments expression of
HLA-DR and ICAM-1 which could facili-
tate T cell-accessory cell interaction. IL-2
may contribute to the host defense by in-
ducing the clonal expansion of immune-ac-
tivated, lymphokine-producing T cells and
augments the production of IFN-v. In fact,
cutaneous administration of either IL-2 or
IFN-v to lepromatous patients results in
some clearance of bacilli from lesions. As
well, lymphotoxin, GM-CSF, IL-18, TNF«
and IL-6 can contribute to resistance. Al-
though it is unclear that cytokines act in-
dividually and additively, more likely it is
the matrix of lymphokines and cytokines
locally that determines the ultimate biolog-
ical response at the locus of infection.

In contrast to the set of cytokine mRNAs
present in tuberculoid lesions that might be
involved in CMI and inflammation, those
found to be increased in lepromatous le-
sions might be expected to contribute to the
immune unresponsiveness and failure of
macrophage activation in these individuals.
IL-4 was increased in lepromatous lesions
compared with tuberculoid lesions, and is
known to inhibit IFN-y production as well
as IFN-v-mediated production of reactive
oxygen intermediates, such as hydrogen
peroxide, by macrophages. Additionally,
IL-4 has been reported to inhibit IL-2 ac-
tivation of T cells through IL-2R expression
and to inhibit production of TNFa and IL-
18 by macrophages. Elegant studies of mu-
rine immune responses to leishmania in-
fection in BALB/c mice have demonstrated
that T cells capable of adoptively transfer-
ring resistance to infection produce pre-
dominantly IL-2 and IFN-v in vitro; where-
as those that induce exacerbation and more
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rapid lesion formation produce primarily
IL-4 and IL-5. Treatment of susceptible mice
with anti-IL-4 antibodies resulted in in-
creased IFN-y production with a concom-
itant increase in the host resistance to these
parasites. Similarly, in murine schistoso-
miasis induction of Th2 responses is accom-
panied by a downregulation of Th1 cytokine
production. The IL-4 and IL-5 in lepro-
matous lesions could lead to similar en-
hancement of bacterial growth and even
contribute to the elevated levels of anti-M.
leprae immunoglobulin found in leproma-
tous patients. The presence of IL-10 in lep-
romatous lesions, another cytokine that can
downregulate lymphokine production of
CD4 T cells, in the relative absence of IFN-vy
or IL-2, suggests a possible role for this cy-
tokine in the specific immunological unre-
sponsiveness to M. leprae antigens.

Two different episodes of significant in-
flammation were studied: reversal reaction
and erythema nodosum leprosum (ENL), as
well as the Mitsuda reaction, a measure of
delayed-type hypersensitivity in these pa-
tients. In the reversal reaction and the Mit-
suda reaction, IL-2, LT, GM-CSF, and
IFN-y mRNAs were strongly expressed. In
contrast, in ENL, IL-4, IL-5, and IL-10
mRNAs were prominent. Interestingly, al-
though most monocyte cytokines were sim-
ilarly expressed in these reactions, IL-6 and
IL-8 were more abundant in ENL as com-
pared to reversal reaction. In the reaction
of leprosy, reversal reactions and Mitsuda
reactions appear to be Thl-type responses.
IL-2, lymphotoxin, GM-CSF, IFN-vy were
prominent in reversal reaction as well as in
the Mitsuda reaction. On the other hand,
IL-4,1IL-5, and IL-10 appear to characterize
the lesion of ENL, suggesting that these are
Th2 responses. [Division of Dermatology;
Department of Microbiology and Immu-
nology, UCLA School of Medicine; Section
of Dermatology, USC School of Medicine,
Los Angeles, California, U.S.A.]

Salgame, P., Abrams, J., Clayberger, C.,
Lyu, S., Modlin, R. and Bloom, B. R.
Lymphokine profile of functionally dis-
tinct M. leprae-reactive CD4+ T-helper
and CD8+ T-suppressor clones.

Murine T-helper cells have recently been
classified into two distinct groups based on
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their lymphokine secretion patterns. Upon
stimulation TH1 cells produce IFN-y and
IL-2. The TH2 cells make predominantly
IL-4 and IL-5. Mouse IL-4 promotes switch
of lipopolysacharride (LPS)-stimulated B
cells to the expression of IgGl and IgE;
whereas IFN-v inhibits the production of
IgG3, IgG1, IgG2b, and IgE. The biological
significance of the dichotomy in the CD4+
T cells is well illustrated in murine leish-
maniasis, where protection is mediated by
antigens inducing a TH]1 response and the
exacerbation of the disease is induced by
TH2 cells making IL-4. Thus far, however,
a comparable clear-cut dichotomy between
IL-4- and IFN-y-producing T cells has not
been reported in humans.

The spectrum of clinical manifestations
in leprosy correlate with cell-mediated im-
mune responses to Mycobacterium leprae
antigens, and ranges from the highly reac-
tive tuberculoid form to the susceptible lep-
romatous form. We have established in our
laboratory a panel of M. leprae-reactive
CD8+ T-suppressor clones from leproma-
tous leprosy patients and CD4+ T-helper
clones from lepromin-positive healthy con-
tacts. In order to understand the cellular
basis of T-cell-mediated protection and
suppression, we studied the lymphokine
profile of a panel of functionally distinct
CD4 and CDS8 clones. CD4+ tetanus toxoid
responsive clones and CD8+ alloreactive
cytotoxic clones were also included in the
panel for comparison. All of the clones were
stimulated with anti-CD3 antibody, and the
supernatants were harvested at 18 hr and
assayed for IFN-v, IL-4, IL-5, and GM-CSF.
IFN-y was analyzed using the ELISA kit
from Amgen Biological; IL-4 and GM-CSF
were measured by using ELISA kits from
Genzyme; IL-5 levels were assayed at
DNAX Inc.

M. leprae-reactive CD4+ clones and al-
loreactive CD8+ cytotoxic clones made
IFN-vy but not IL-4 or IL-5. The CD4+
tetanus toxoid specific clones, however,
made IL-4, IL-5 but not IFN-v. The CD8+
suppressor clones produced IL-4 but made
none or very little IFN-vy. All of the clones
analyzed secreted GM-CSF. All of the CD4
clones made IL-2 and either IFN-vy or 1L-4
and IL-5. Based on the above lymphokine
profiles, we have demonstrated consistent
subtypes in CD8+ populations in humans
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comparable to the TH1 and TH2 phenotype
in the mouse. The production of IL-4 by
T-suppressor cells and not by cytotoxic cells
enables us to distinguish the functionally
different CD8+ populations for the first time
based on markers other than function. There
is growing evidence that IFN-y and IL-4
mutually inhibit their respective functions.
The role of IL-4 made by T-suppressor cells
in immune suppression is being investigat-
ed. [Howard Hughes Medical Institute, Al-
bert Einstein College of Medicine, Bronx,
New York; Department of Immunology,
DNAX Research Center, Palo Alto, Cali-
fornia; Department of Cardiovascular Sur-
gery, Stanford University Medical Center,
Palo Alto, California; Department of Med-
icine, UCLA Medical School, Los Angeles,
California, U.S.A.]

Kaplan, G. and Sampaio, E. P. Role of TNF«
in the pathogenesis of mycobacterial in-
fections; mechanism of modulation by
thalidomide.

Leprosy patients often develop reactional
states (acute episodes of immunologic and
inflammatory responses) which may be as-
sociated with changes in immunological
reactivity. Reactions are classified into two
types according to their clinical and histo-
logical manifestations: Type 1 or reversal
reaction (RR) and type 2 or erythema no-
dosum leprosum (ENL). These reactional
states constitute serious complications of
leprosy which require prompt diagnosis and
therapy. Cytokines released from macro-
phages and lymphocytes may play an im-
portant role in these phenomena. Indeed,
recent findings have suggested the associa-
tion of high serum levels of IL-1 and tumor
necrosis factor a (TNFa) with the presence
of ENL and reversal reactions. Therefore,
during in vivo clinical trials with recombi-
nant lymphokines, reactional manifesta-
tions constitute a potential deleterious effect
of immunomodulation in leprosy patients.
Consequently, it is important to understand
the mechanisms underlying these reactional
episodes.

Three patients injected with 100 ug IFN-vy
every month developed ENL (disseminated
subcutaneous nodules) following the first,
fourth or seventh monthly high dose rIFN-y
injection. One patient who developed re-
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peated systemic symptoms was treated with
thalidomide (100 mg/day for 21 days) and
IFN-v injections were discontinued after the
fourth dose. All of the patients who received
IFN-v twice monthly developed leprosy re-
actions: 2 had multiple ENL skin lesions
without other systemic symptoms (not
treated with thalidomide), 1 had RR (treat-
ed with prednisone), and another developed
RR followed by severe ENL (treated with
thalidomide and prednisone). A correlation
between a large area of induration (> 15
mm) in response to IFN-y and the devel-
opment of ENL was noted in 5 of 6 patients.
A single ENL skin lesion was observed fol-
lowing the multiple low doses of rIFN-+ (six
30 ug injections) in 4 of the 6 patients who
later developed ENL. No enhancement in
serum levels of TNFa was observed. How-
ever, higher TNFa levels were induced in
monocytes of patients after IFN-v injection
compared to pre-injection levels.

Five lepromatous patients with untreated
ENL were examined for the ability of their
peripheral blood mononuclear cells (PBMC)
and monocytes to release TNFa in vitro.
Cells from normal individuals, thalido-
mide-treated ENL patients, and leproma-
tous patients without ENL were also ana-
lyzed. Purified monocytes or PBMC were
stimulated with lipopolysaccharide (LPS) or
different mycobacterial products, and after
18 hr of culture supernatants were recov-
ered and assayed for TNFa levels. After in
vitro stimulation of PBMC with LPS or
BCG, a higher TNFa response was detected
in untreated reactional patients as com-
pared to normal individuals or ENL pa-
tients treated with thalidomide (100 mg/day
for 1-2 weeks). When purified monocytes
were analyzed, patients with untreated ENL
showed enhanced TNFa response after BCG
stimulation. In addition, monocytes from
patients with untreated ENL and lepro-
matous leprosy showed increased TNF«
levels in response to stimulation with MDP
as compared to thalidomide-treated ENL
patients and normal controls. No sponta-
neous release of TNFa was noted in any of
the groups studied.

Thalidomide, the drug of choice for the
treatment of ENL, selectively inhibits the
production of human monocyte TFN trig-
gered by LPS and other agonists in culture;
40% inhibition occurs at the clinically

U.S.-Japan Cooperative Medical Science Program

715

achievable dose of the drug of 1 ug/ml. In
contrast, the amount of total protein and
individual proteins labeled with [**S]me-
thionine and expressed on SDS-PAGE are
not influenced. The amounts of interleukin
13, IL-6, and granulocyte/macrophage col-
ony-stimulating factor produced by mono-
cytes remain unaltered. [Laboratory of Cel-
lular Physiology and Immunology, The
Rockefeller University, New York, New
York, U.S.A]]

Sela, S., Thole, J. E. R., Ottenhoff, T. H.
M. and Clark-Curtiss, J. E. Molecular
characterization of immunologically re-
active proteins of Mycobacterium leprae.

Immunological screening of the pHC79:
:Mycobacterium leprae cosmid library and
the pYA626::M. leprae plasmid library with
pooled sera from lepromatous leprosy pa-
tients has resulted in the identification of
approximately 100 cosmid clones and two
plasmid clones that specify a protein or pro-
teins that react with antibodies in the pa-
tients’ sera. Several cosmid clones and one
plasmid clone possess acommon 1.2 kb Pst]
DNA fragment that carries a gene encoding
a 15-kDa protein that reacts with antibodies
in pooled sera from lepromatous leprosy pa-
tients and sera from tuberculoid leprosy pa-
tients. Subclones and Agtl1 clones possess-
ing sequences encoding 10-kDa of the
15-kDa antigen fused to /acZ have been
shown to elicit proliferative responses in T
cells from leprosy patients and household
contacts. The gene specifying the 15-kDa
protein does not share homology with any
sequence in GenBank other than the se-
quences from Agtl1::M. leprae clone LSR2,
which codes for 10 kDa of the protein. The
15-kDa antigen appears to be a good can-
didate for further study to determine wheth-
er or not it can elicit a protective immune
response against M. leprae. [Departments
of Biology and Molecular Microbiology,
Washington University, St. Louis, Missou-
ri, U.S.A.; Department of Immunohaema-
tology and Blood Bank, University Hospi-
tal, Leiden, The Netherlands]

Rivoire, B., Bozik, C. M., Duysen, E.,
Mehra, V., Bloom, B. R., Brennan, P. J.
and Wu-Hunter, S. Identification, char-
acterization, and expression of the major
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proteins of Mycobacterium leprae of mo-
lecular mass 14 kDa and 35 kDa.

From the array of major somatic proteins
of Mycobacterium leprae previously iden-
tified, two proteins of molecular mass 14
kDa (MCP-I) and 35 kDa (MMP-I) were
chosen for further characterization and ex-
pression as recombinant proteins. The full
amino acid sequence of MCP-I was estab-
lished by a combination of Edman chem-
istry and FAB/MS. It differed from the
GroES analog/BCG, a protein of M. tuber-
culosis/BCG, only in the nature of ten of its
amino acids. Specific oligonucleotide prim-
ers were prepared for polymerase chain re-
action (PCR) amplification of the MCP-I
gene which was then cloned into Escherich-
ia coli with a pTRP expression vector. Ex-
pressed recombinant MCP-I reacted at the
same molecular weight as the native MCP-1
in Western blots with specific monoclonal
antibodies. The 35-kDa protein (MMP-I)
was not amenable to N-group analysis. The
nucleotide sequence of MMP-I was deter-
mined from a clone selected from the M.
leprae Agt11 library of a specific anti-MMP-1
monoclonal antibody. The clone contains
40% of the gene encoding the C-terminus
of MMP-I, according to the molecular size
of the p-galactosidase fusion protein pro-
duced by these clones. [Department of Mi-
crobiology, Colorado State University, Fort
Collins, Colorado; Department of Micro-
biology and Immunology, Albert Einstein
College of Medicine, Bronx, New York,
U.S.Al]

Matsuo, E., Komatsu, A., Murakami, M.,
Terada, M., Sasaki, N. and Skinsnes, O.
K. On the pathologic significance of the
receptor for Beta-glucuronidase (BGR) of
Mycobacterium leprae in relationship to
its other antigen.

Mycobacterium leprae seems to combine
the enzyme beta-glucuronidase (B-Gase) of
the host to its receptor (BGR) to release and
utilize glucuronic acid (GA) from hyaluron-
ic acid which is abundant in lepra cells and
the endoneurium, wherein are located the
sites of parasitism itself. On the other hand,
a mycobacterium HI-75, originally sepa-
rated from leproma and which has been re-
garded as M. scrofulaceum, grew remark-

International Journal of Leprosy

1991

ably in Ogawa’s medium with only the
supplementation of the medium with GA
with or without N-acetylglucosamine. In this
study, we tried further to confirm the cross
immunoreactivity of the BGR of HI-75 and
M. leprae, its distribution among mycobac-
teria and other microorganisms, the possi-
bility of the inhibition of the BGR-B-Gase
combination by antibody against BGR and
the identification of HI-75. The question of
whether or not M. leprae and HI-75 are
similar was determined by an absorption
test of positive control serum in SERODIA-
Leprae, a M. leprae-specific antibody de-
tection kit with HI-75 and its fractions.

First of all a method for the immunohis-
tologic staining of BGR in leproma was de-
veloped. By this method BGR was shown
to be present not only in M. leprae but also
apparently in other intracellularly grown
microorganisms, such as M. intracellulare
and hepatitis B virus. The results suggest
that BGR is a necessary component for some
intracellular parasites, including M. leprae.

Secondly, the present study did not dem-
onstrate the inhibition of the BGR-B-Gase
combination by anti-BGR antibody. How-
ever, BGR might still become a potent im-
munogen for vaccination. The reason is that
once the immune reaction takes place in vivo
it might cause complement fixation or cel-
lular reaction that completely damages the
activity of BGR in microorganisms which
may be essential for them to borrow the
metabolic machinery.

Thirdly, among the fractions arising from
HI-75, BGR absorbed some anti-PGL an-
tibody, further indicating a relationship be-
tween the two. The reason why cardiolipin
and lecithin are required for this absorption
is unknown. [Department of Pathology,
Kyorin University School of Medicine, To-
kyo; Tohoku Shinseien, Miyagi, Japan; Sun
Yat-Sen University of Medical Sciences,
Guangzhou, China]

Elangeswaran, N., Saito, T., Matsuoka, M.,
Sakamoto, Y. and Mori, T. Application
of monoclonal antibodies to differentiate
the morphological forms of Mycobacte-
rium lepraemurium Hawaiian strain.

Monoclonal antibodies (MOADbs) are use-
ful tools for the identification and charac-
terization of microbial and other antigenic
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determinants. Also, the elucidation of the
antigenic structure and taxonomy of an in-
fectious pathogen has been greatly ad-
vanced with the aid of MOADs. In order to
identify the genes encoding the 65-kDa pro-
tein of Mycobacterium lepraemurium, we
have developed a Agtl 1-based genomic li-
brary of M. lepraemurium (smooth form).
To screen the library, two MOADbs to the
65-kDa protein of M. lepraemurium were
generated. During characterization of the
MOADs it was noted that there were differ-
ent reactivities with the MOADbs by ELISA.
Reactivity of the MOAbs was carried out
to compare our MOADbs with the established
Lm.6 MOAD against the 65-kDa protein of
M. lepraemurium (rough form) which re-
acted with the rough form more intensively
than with the smooth form. To confirm this
fact, the major protein fractions of M. lep-
raemurium (smooth) were purified accord-
ing to Hunter, et al. and three types of
65-kDa protein antigens, i.e., cell-wall,
membrane, and soluble 65-kDa proteins,
were obtained from the respective fractions.
We confirmed the different reactivity pat-
tern of MOADs against the purified 65-kDa
proteins of M. lepraemurium by both ELISA
and one- and two-dimensional SDS-PAGE
immunoblotting. We identified the DNA
fragments encoding the cell-wall and solu-
ble 65-kDa proteins cloned in the Agtl 1 vec-
tor, and further sequencing work is in prog-
ress. Also, we have generated the MOAbs
against purified 65-kDa proteins of the sol-
uble and membrane-bound fractions of M.
lepraemurium. The details of these studies
are presented. [National Institute for Lep-
rosy Research, Higashimurayama, Tokyo,
Japan]

Gelber, R. H., Murray, L., Siu, P., Tsang,
M., Iranmanesh, A. and Rea, T. H. Bac-
tericidal antibiotics of three different
classes emerge to treat leprosy: recent de-
velopments from the laboratory to the pa-
tient.

Previously, we described (J. Inf. Dis., 156,
236, 1987) that minocycline was bacteri-
cidal for Mycobacterium leprae in mice at
levels easily obtained in man. We can now
confirm that minocycline consistently in-
hibits seven different M. leprae isolates, in-
cluding one partially and one fully dapsone
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resistant. Furthermore, we have found that
minocycline is consistently active in mice
treated 3 days and 1 day weekly, and par-
tially active even 1 day monthly. In the first
clinical trial of minocycline in eight patients
with lepromatous leprosy (100 mg daily for
3 months) we found it consistently and very
rapidly effective clinically and without sig-
nificant toxicity. We can now report on our
complete results of the clearance of viable
M. leprae from the skin of patients in that
trial as assessed by serial skin biopsies 1
week, 1 month, 2 months, and 3 months
after the initiation of treatment. M. leprae
viability in these studies was determined by
two means: pools of four foot pads and 10
individual foot pads, which resulted in the
clearance of all viable M. leprae in 2 and 3
months, respectively. This rate of clearance
of viable acid-fast bacilli (AFB), though
slower than that found previously for rifam-
pin, was faster than for either dapsone or
clofazimine. Because minocycline has been
used throughout the world for over 30 years
and has been demonstrated to be safe on
chronic administration, it will certainly be
an important addition to the therapy of lep-
rosy.

Previously, Franzblau, er al. (Antimi-
crob. Agents Chemother., 32, 1758, 1988)
found that the new macrolide, clarithro-
mycin, was active against M. leprae in vitro
and when fed mice at 0.01%. Newer macro-
lides offer the advantage over clarithro-
mycin itself by virtue of better gastrointes-
tinal absorption, tissue and macrophage
accumulation, and enhanced spectrum of
activity. In our studies we found in mice
that while erythromycin (0.06% in diet) and
azithromycin (0.1%) were inactive, both
clarithromycin and roxithromycin (0.1%)
were, in two separate studies, bactericidal
at levels easily obtained in man: a) roxith-
romycin and clarithromycin, respectively,
delayed multiplication of M. leprae for 5
and 11 months after drug discontinuation,;
b) roxithromycin and clarithromycin, re-
spectively, were found to be 82% + 13%
and 96% =+ 2% bactericidal.

Previously, Grosset, et al. found that pe-
floxacin and ofloxacin inhibit the growth of
M. lepraein mice (Int. J. Lepr., 55, 70, 1987,
Int. J. Lepr., 56, 259, 1988), and in a clinical
trial cleared M. leprae from the skin in lep-
romatous patients within 2 months (Int. J.



718

Lepr., 58, 281, 1990). In the past 2 years,
newer quinolones that are more active
against gram-positive bacilli and quino-
lone-resistant bacteria have been devel-
oped. We compared the activity of some of
these (sparfloxacin, temafloxacin, lomaflox-
acin, WIN 57273, and PD 124816) with
pefloxacin and ofloxacin in groups of mice
treated 5 times weekly by gavage with doses
of 50, 150, and 300 mg/kg by the kinetic
technique of Shepard (treatment day 60—
150 after foot pad infection). Additionally,
sparfloxacin was tested at 15 mg/kg and 30
mg/kg. We judged drugs bacteriostatic if at
the end of therapy, the number of AFB were
less than untreated controls but multipli-
cation commenced immediately thereafter,
“partially bactericidal” if multiplication was
further delayed, and “fully bactericidal” if
M. leprae did not grow even 9 months after
therapy was completed. Pefloxacin and
lomafloxacin were found inactive and bac-
teriostatic, respectively, at 50 mg/kg, bac-
teriostatic at 150 mg/kg, and partially bac-
tericidal at 300 mg/kg. PD 124816 was
bacteriostatic at 50-150 mg/kg and fully
bactericidal at 300 mg/kg. Ofloxacin was
bacteriostatic at 50 mg/kg and fully bacte-
ricidal at 150-300 mg/kg. WIN 57273 was
partially bactericidal at 50 mg/kg and fully
bactericidal at 150-300 mg/kg. Temaflox-
acin was fully bactericidal at all three doses
tested, while sparfloxacin was fully bacte-
ricidal at these doses, as well as 15 mg/kg
and 30 mg/kg. These results suggest that
certain of the newer quinolones, especially
sparfloxacin and temafloxacin, are even
more active than pefloxacin and ofloxacin
against M. leprae-infected mice. [Kuzell In-
stitute, San Francisco, California; GWL
Hansen’s Disease Center, Carville, Louisi-
ana; University of Southern California, Los
Angeles, California, U.S.A.]

Saito, H., Tomioka, H. and Sato, K. Anti-
leprosy activity of ofloxacin in combi-
nation with rifampin and diaminodi-
phenylsulfone in mice and in vitro
activities of new quinolones and rifa-
mycin derivatives.

The therapeutic activity of ofloxacin
(OFLX) (3 mg/mouse/injection) or rifam-
pin (RFP) (0.01 mg/mouse/injection) alone
or in combination was studied. RFP alone
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at this dose caused a 2.0-log decrease in the
number of leprosy bacilli recovered from
the infected mouse foot pad on day 365 after
infection as compared to that of solute con-
trol mice. OFLX alone also caused a 1.6-
log decrease in the value. Combined use of
OFLX with RFP gave a 3.2-log decrease in
the number of bacilli as compared to that
of control mice. Thus, there was a clear
combined effect between OFLX and RFP.
These findings were confirmed in terms of
the foot pad thickness of Mycobacterium
leprae-infected animals. Infection-induced
foot pad swelling was almost completely in-
hibited by RFP treatment with or without
OFLX. OFLX alone caused a 1.5-mm de-
crease in foot pad swelling compared to the
control value.

The antileprosy activity of OFLX (3 mg/
mouse/injection) or dapsone (DDS) (0.2 mg/
mouse/injection) alone or in combination
was also studied. DDS alone given at this
dose caused a 0.8-log decrease in the num-
ber of organisms recovered from the in-
fected foot pads of host mice 365 days after
infection as compared to control mice. In
this experiment, OFLX alone caused a 0.9-
log decrease in the value. In the case of com-
bination use of OFLX with DDS, a 1.98-
log decrease in the number of recovered M.
leprae was found compared to control ani-
mals. Thus, the therapeutic efficacy of DDS
was much improved by the combined use
of OFLX. Foot pad swelling due to M. lep-
rae infection was markedly decreased by ad-
ministration of either DDS or OFLX alone;
1.6-mm and 1.4-mm decrease, respectively.
A somewhat larger decrease in the foot pad
swelling (1.8-mm decrease) was observed in
mice given OFLX in combination with
DDS.

Of the quinolones, sparfloxacin (SPFX)
added to the BACTEC 12B medium at con-
centrations of 0.5 or 2.0 ug/ml caused a
marked reduction in the GI value of M.
leprae (61%—94% decrease). This effect was
obvious in the readings during days 5-11
and days 12—18. Other test quinolones, such
as pipemidic acid, piromidic acid, and en-
oxacin, slightly reduced the GI value at both
concentrations (0-20% inhibition). Nor-
floxacin (NFLX), ciprofloxacin (CPFX), fle-
roxacin (FLRX), and OFLX at the concen-
tration of 2 ug/ml caused considerable
reduction of the GI value (37%—-65% de-
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crease). Although the GI values measured
in this experiment were considerably lower
than those reported by Franzblau, presum-
ably due to low metabolic activity of the
organisms, SPFX seems to have an excel-
lent anti-M. leprae activity when compared
with other quinolones. Intermediate in vitro
activity of OFLX and FLRX and the lack
of the activity in other quinolones, includ-
ing CPFX, are fairly consistent with our pre-
vious findings that OFLX and FLRX had
a significant /n vivo antileprosy activity, but
none of the latter quinolones exhibited such
efficacy.

Excellent in vitro anti-M. leprae activities
of rifamycin derivatives, such as RFP, rifa-
butin, and a newly synthesized benzoxazi-
norifamycin (KRM-1648), were observed.
These agents at concentrations of 0.5 ug/ml
and 2 pg/ml caused a marked reduction in
the GI value (60%-97% decrease). In par-
ticular, KRM-1648, which has been evi-
denced by us to possess an excellent anti-
mycobacterial activity, exhibited the
strongest activity (77%—-97% inhibition of
GI value) among test rifamycins. The in vivo
antileprosy activity of KRM-1648 is now
under study in our laboratory. [Department
of Microbiology and Immunology, Shimane
Medical University, Izumo, Japan]

Williams, D. L., Gillis, T. P., Franzblau, S.
G. and Hastings, R. C. Evaluation of PCR
analysis in monitoring antileprosy che-
motherapy in lepromatous leprosy pa-
tients.

The purpose of this research was to de-
termine the potential of using polymerase
chain reaction (PCR) analysis to monitor
antileprosy chemotherapy directly from skin
biopsies of leprosy patients. Homogenates
of skin biopsies (4 mm) from lepromatous
leprosy patients with no chemotherapy or
chemotherapy up to 20 years were analyzed
for the presence of Mycobacterium leprae
using PCR and previously defined DNA
primers which specifically amplify a 360 bp
target sequence of M. leprae DNA. Agarose
gel analysis of PCR products from 20 un-
treated patients showed equivalent quanti-
ties of PCR products when 3 x 10* M. lep-
rae were analyzed. Similar analysis of 20
treated leprosy patients showed that most
patients with more than 2 months of che-
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motherapy prior to biopsy had greatly di-
minished, or the absence of, PCR products.
Three patients having 14 to 20 years of che-
motherapy but harboring either dapsone- or
rifampin-resistant M. leprae as determined
by the mouse foot pad drug assay gave
quantities of PCR product equivalent to un-
treated patients. PCR products of two pa-
tients clinically suspected of relapse due to
intermittent drug treatment regimens were
also equivalent to PCR products from un-
treated patients. We also compared the vi-
ability of M. leprae after treatment with a
variety of antileprosy drugs with corre-
sponding PCR results, in both in vitro
(BACTEC) and in vivo (nude mice) systems.
We have evidence supporting the relation-
ship between the loss of viability, due to
antibacterial therapy, and the diminution of
PCR reactivity in the in vivo model. There-
fore, it is anticipated that the M. leprae PCR
assay may be useful in Hansen’s disease pa-
tient monitoring. [Laboratory Research
Branch, GWL Hansen’s Disease Center,
Carville, Louisiana, U.S.A.]

Schlesinger, L. S. and Horwitz, M. A. Host
and bacterial molecules mediating phago-
cytosis of Mycobacterium leprae by hu-
man mononuclear phagocytes.

We have been examining the molecular
basis for phagocytosis of Mycobacterium
leprae by human mononuclear phagocytes.
We have determined previously that M. lep-
rae invasion of human monocytes is me-
diated by complement receptors CR1 and
CR3 on the surface of the monocyte and
fragments of complement component C3
fixed to the bacterium. We now report our
studies on a) phagocytosis of M. leprae by
human monocyte-derived macrophages
(MDM), b) the influence of interferon-gam-
ma (IFN-v) activation on complement re-
ceptor function and M. leprae phagocytosis,
c) the identity of C3 acceptor molecules on
the M. leprae surface, and d) the role of
natural antibody in C3 fixation.

To study MDM receptors mediating M.
leprae uptake, we cultured human periph-
eral blood monocytes for 5 days, incubated
the MDM with armadillo-derived M. lep-
rae, and enumerated MDM-associated bac-
teria by fluorescence microscopy. Com-
pared with monocytes, MDM adherence of
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M. leprae was markedly increased (> six-
fold). MDM adherence of M. leprae was
highly serum-dependent and significantly
decreased by heat inactivation of serum,
demonstrating the importance of heat-labile
serum opsonins. Electron microscopy stud-
ies revealed that all MDM-associated bac-
teria were intracellular. Soluble monoclonal
antibodies (MOADbs) against MDM com-
plement receptors but not MOAbs against
other MDM surface antigens markedly in-
hibited adherence and phagocytosis of M.
leprae in the presence of nonimmune se-
rum. A combination of MOADbs against CR 1
and CR3 significantly inhibited M. leprae
adherence; however, a combination of
MOADbs against these complement recep-
tors and CR4, a complement receptor that
is markedly upregulated on MDM, was re-
quired to obtain maximal inhibition of M.
leprae adherence (nearly 1 log).

MDM activation by IFN-vy resulted in a
dose-dependent reduction in M. leprae ad-
herence (83% =+ 2%) and phagocytosis
(88%), assessed by phase contrast and elec-
tron microscopy, respectively. Paralleling
this, complement receptor function, as-
sessed by measuring adherence of E-C3b
and E-C3bi, was also strikingly decreased
(69% = 4% and 70% = 4%, respectively);
whereas Fc receptor function, assessed by
measuring adherence of E-IgG, was en-
hanced. By flow cytometry, IFN-y activa-
tion resulted in a significant decrease in
MDM surface expression of CR1 but not
CR3 or CR4.

To evaluate the capacity of surface mol-
ecules of M. leprae to serve as acceptor mol-
ecules for fragments of complement com-
ponent C3, we developed an ELISA to
measure C3 fixed to purified M. leprae sur-
face carbohydrates. Phenolic glycolipid-I
(PGL-I) readily fixed C3 in a dose-depen-
dent and serum concentration-dependent
fashion. In contrast, lipoarabinomannan, li-
pomannan, and arabinogalactan did not fix
appreciable amounts of C3. C3 fixation to
PGL-I was classical pathway-dependent and
required the presence of both the terminal
trisaccharide and the lipid portion of this
molecule. PGL-I bound to polystyrene mi-
crospheres specifically fixed C3 in nonim-
mune serum, and PGL-I and C3 mediated
ingestion of the polystyrene microspheres
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by human monocytes, as assessed by elec-
tron microscopy.

To assess the role of antibody in non-
immune serum in C3 fixation to M. leprae,
we used an ELISA to study the influence of
antibody on C3 fixation and Clq binding to
M. leprae and PGL-1. C3 fixation to M. lep-
rae was strictly antibody-dependent. M. /ep-
rae did not fix C3 in agammaglobulinemic
serum unless pure IgG or IgM or heat-in-
activated nonimmune serum (as a source of
antibody) was added. C3 fixation required
the antigen-binding portion of the antibody
molecule since equivalent amounts of pure
Fc fragments of immunoglobulin did not
mediate C3 fixation to M. leprae in agam-
maglobulinemic serum. At low concentra-
tions of nonimmune serum, C3 fixation to
M. leprae occurred by both the classical and
alternative pathways. Consistent with a role
for the classical pathway, C3 fixation to M.
leprae was enhanced by Clq. C3 fixation in
Clg-depleted serum was increased twofold
by the addition of pure Clq. IgG, IgM, and
Clq were readily detected on the surface of
M. leprae.

Consistent with the finding that C3 fixa-
tion to PGL-I is classical pathway-depen-
dent, Clq bound to PGL-I in a serum con-
centration-dependent manner. Clq binding
to PGL-I was strictly antibody-dependent.
Pure Clq bound to PGL-I only after the ad-
dition of pure IgG or IgM, or heat-inacti-
vated nonimmune serum.

These studies demonstrate that a) MDM
exhibit an enhanced capacity to ingest M.
leprae; b) MDM complement receptors CR 1,
CR3, and CR4 mediate phagocytosis of M.
leprae; c) IFN-y-activated MDM exhibit
decreased M. leprae phagocytosis and com-
plement receptor activity; d) PGL-I of M.
leprae selectively fixes C3, and PGL-I and
C3 mediate monocyte ingestion of polysty-
rene microspheres; and e) natural antibody
mediates C3 fixation to M. leprae and Clq
binding to PGL-I. Thus, complement re-
ceptors on mononuclear phagocytes, frag-
ments of complement component C3, and
PGL-I on the outermost surface of M. leprae
form a complete receptor-ligand-acceptor
molecule system for mediating phagocyto-
sis of M. leprae. This three-component
phagocytic system is dependent upon nat-
ural antibody for fixation of C3 to PGL-I,
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and it is down-regulated by IFN-y via the
effect of this lymphokine on complement
receptor function. [Division of Infectious
Diseases, Department of Medicine, UCLA
School of Medicine, Los Angeles, Califor-
nia, U.S.A.]

Modlin, R. L., Uyemura, K., Ohmen, J.,
Wang, X.-H., Rea, T. H. and Barnes, P.
F. The T-cell receptor repertoire in my-
cobacterial infection.

The diversity of gamma/delta (yd) T-cell-
receptor repertoire within lepromin skin
tests was investigated to provide clues as to
the set of antigens recognized by these cells.
Immunohistologic staining of frozen sec-
tions with monoclonal antibodies directed
against V§ encoded determinants revealed
that within the dermal granulomas, Vél-
and Vé2-bearing cells accounted for the ma-
jority of infiltrating v6 cells. The V§2:Vél
ratio was approximately 2:1 in the skin le-
sions as compared to 9:1 in the blood of the
same individuals. Additional distinct mi-
croanatomic patterns for Vél- and Vé2-
bearing cells were identified: the dermal in-
filtrate containing both populations, but the
epidermal 46 T cells preferentially express-
ing the Vé1 chain. The localization of V4l +
cells to epidermis in these mycobacterial le-
sions suggests either homing, retention, and/
or in situ expansion of Vél+ cells during
the immunopathologic reaction. Further
analysis of V4 and Jé gene segment usage
was accomplished by polymerase chain re-
action (PCR) amplification of DNA extract-
ed from lesions. These studies revealed that
both Vil and Vé2 gene segments rearrange
with the J61 gene segment. The proportion
of Vél-bearing cells appears to be much
greater than in normal skin. Similar to nor-
mal skin, the Jé1 gene segment is prefer-
entially used by these vé T cells.

The junctional diversity of v6 T cells in
lepromin skin tests was determined by clon-
ing and sequencing PCR-amplified prod-
ucts. Strikingly, in each of the three lepro-
min skin tests subjected to nucleotide
sequencing analysis, the majority of Vél-
Jol and Vé2-Jé1 junctional sequences were
found to be identical, but distinct for each
patient. This was clearly different from pe-
ripheral blood of these same individuals,
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which exhibited extensive diversity. The
junctional sequences of v6 cells in lesions
were not found in the respective indivi-
dual’s peripheral blood, indicating that the
lesional sequences do not represent an al-
ready existing clonal expansion in the pe-
ripheral repertoire. It is noteworthy that in
each spatially separated region of the biopsy
specimen, a limited number of junctional
nucleotide sequences were represented mul-
tiple times, although the predominant se-
quence differed from site to site. Since there
was conservation in the predicted amino
acid sequence in various areas of the biopsy
and among individuals, we hypothesize that
the v6 T-cell expansion in lesions is selected
by a limited set of antigens within the tissue
microenvironment. The microheterogene-
ity implies that a very small number of 4
clones initiate the oligoclonal expansion and
that their progeny do not disperse homo-
geneously throughout the lesion. The study
of leprosy lesions indicates that the clonal
selection by foreign antigen occurs in skin,
from among a genetically diverse, resident
skin population. [Division of Dermatology
and Department of Microbiology and Im-
munology, UCLA School of Medicine, Los
Angeles; Section of Dermatology and De-
partment of Medicine, USC School of Med-
icine, Los Angeles, California, U.S.A.]

Izumi, S., Maeda, Y., Kawatsu, K., Amirud-
din, M. D., Hatano, K., Mendes, M. F.
and Choudhury, A. M. Distribution of
anti-LAM antibodies in leprosy patients
and household contacts.

Based on the observations of 367 non-
contact sera from a nonendemic area (Ja-
pan), we calculated the 95 percentile value
for cut-off. The calculated cut-offs were
0.250 OD and 0.500 OD for IgG and IgM,
respectively. The antibody titer and posi-
tive rates were higher in the multibacillary
forms of leprosy and low in the paucibacil-
lary form of the disease. The distribution of
anti-LAM antibodies in 99 household con-
tacts from an endemic area (South Sulawesi)
were also determined. There were no sta-
tistically significant differences between
contacts of the multibacillary and pauci-
bacillary patients. The distribution of
anti-LAM antibody in noncontacts from an
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nonendemic area (Japan), noncontacts, tu-
berculosis patients, and pregnant women
from an endemic area (South Sulawesi) were
also determined. It was found that noncon-
tacts from an endemic area show higher pos-
itivity in anti-LAM antibodies compared to
noncontacts from nonendemic areas. The
positivity in the antibody in tuberculosis
patients was significantly higher compared
to noncontacts from the same area, but the
normal pregnancy sera showed no differ-
ences in the positivity in anti-LAM anti-
body.

The concordance rates between anti-LAM
antibody and anti-PGL-I antibody in lep-
rosy patients and household contacts were
about 70%. To know the quantitative cor-
relation between antibodies to PGL-I and
LAM-B, the simple correlation coefficient
was calculated by using 226 positive sera
from leprosy patients and contacts. The cal-
culated coefficient was 0.260, showing a sta-
tistically significant but weak positive cor-
relation. [National Institute for Leprosy
Research, Tokyo, Japan; Hasanuddin Uni-
versity, South Sulawesi, Indonesia; Chris-
tian Leprosy Center, Chittagong, Bangla-
desh; Sociedade Filantropica Humanitas,
Sao Jeronimo da Serra, Brazil]

Yogi, Y., Nakamura, K., Inouye, T., Ka-
wazu, K., Kashiwabara, Y., Sakamoto, Y.,
Izumi, S., Saito, M., Hioki, K. and No-
mura, T. Susceptibility of severe com-
bined immunodeficient (SCID) mice to
Mycobacterium leprae: multiplication of
M. leprae inoculated into both hind feet
at an early stage.

The severe combined immunodeficient
(SCID) mouse which has lymphopenia is
severely deficient in both T- and B-cell im-
munity. In the present study, we determined
whether the susceptibility to Mycobacteri-
um leprae of SCID mice is significant due
to its severe immunodeficiency character-
istics and if it can be used as an animal
model for the study of leprosy.

Employing 20 SCID (CB-17SCID;scid/
scid) mice, with CB-17 (+/+) and BALB/
cAlcl mice as controls, inoculation of M.
leprae derived from the foot passage of nude
mice was made into both hind feet at a dose
of 5.8 x 10° bacilli per foot. Following in-
oculation of M. leprae, the animals were
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sacrificed at varying periods of 3, 5, 7, and
8 months after inoculation. The right hind
foot was used to count the bacilli; the left,
for histopathological study. Mouse serum
was processed for PAGE and ELISA. SCID
mice were maintained in a vinyl isolator
under SPF conditions. CB-17 and BALB/
cAlcl mice were housed in a conventional
animal room.

Almost all of the SCID mice showed a
slight enlargement of the injected foot at day
170 postinoculation; control CB-17 and
BALB/cAJcl mice did not. The bacillary
counts of the SCID mice increased to over
the inoculum count at approximately 3
months postinoculation. At 8 months post-
inoculation, the bacillary counts were over
10? per swollen foot. Subsequently, histo-
pathological findings of the infected foot of
SCID mice 5 months postinoculation in-
dicated the presence of a number of bacilli
around blood vessels in subcutaneous tissue
and intermuscular layer on Fite-Faraco
staining. At that time, there was systemic
infection in the SCID mice and the bacilli
extended to neighboring parts, such as pop-
liteal lymph nodes. At 8 months postinoc-
ulation, multiplication of M. leprae was ob-
served all over the inoculated foot. The
presence of M. leprae inside the bone mar-
row and the nerve tissues was also noticed.
Further multiplication of M. leprae in the
draining lymph nodes was also observed at
8 months postinoculation.

In addition to the above findings at this
stage, the multiplication of M. leprae was
observed, though small in quantity, all over
the body, such as the iliac or lumbar nodes,
the liver, spleen, lung, coccygeus and, in male
SCID mice, the scrotum and the epididy-
mis. Interestingly, SCID mice lack detect-
able immunoglobulins, but M. /eprae-in-
oculated SCID mice showed a low serum
immunoglobulin production. For identifi-
cation, normal mice were inoculated with
the acid-fast bacilli collected asceptically
from the SCID mice 7 months postinocu-
lation. Cultivation on egg-yolk medium was
done, but the results were negative. The
presence of phenolic glyoclipid-I was dem-
onstrated at the site of multiplication of the
bacilli by immunohistopathological stain-
ing.

To summarize the results of early exper-
imental findings, SCID mice were found to



59, 4

have an extremely high susceptibility to M.
leprae. In contrast to the usual findings of
nude mice, the progress of the infection ob-
served in SCID mice is considerably differ-
ent, showing rapid multiplication at the in-
oculation site as well as the systemic spread

CLOSING

Ladies and Gentlemen,

I wish to thank all of you for a most pleas-
ant and successful meeting. It is the first
time in which we have had a two-day joint
panel symposium. It was very successful,
and we would like to follow this format next
year in Tokyo.

Dr. Brennan presented some opinions
about the future of the U.S.-Japan Coop-
erative Leprosy Program. I would like to
add a few points. It is certain that the num-
ber of leprosy cases will decrease year by
year throughout the world through the im-
plementation of multidrug therapy (MDT).
However, it is less certain that chemother-
apy alone can achieve elimination of the
disease. My colleague, Dr. Shimao, a mem-
ber of a WHO Committee, agrees that the
caseload is decreasing. It was due to a belief
in the efficacy of MDT that led the Sasakawa
Memorial Health Foundation to support
chemotherapy implementation in favor of
vaccine development. Actually, about 10
years ago, I was very much impressed with
the evidence that rifampin could kill all lep-
rosy bacilli in lepromatous patients through
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of infections. [National Institute for Lep-
rosy Research, Tokyo; National Defense
Medical College, Tokorozawa; Central In-
stitute for Experimental Animals, Kawa-
saki, Japan]

REMARKS

only 2 days of administration, and I rec-
ommended rifampin treatment.

If one considers that there are about 4
million lepromatous leprosy patients in the
world today, and that any one patient may
contain 10-100 grams of M. leprae with one
resistant bacillus in 107, then one worries
that while MDT may be successful in the
20th century, MDT resistance may occur in
the 21st century. In view of the remarkable
progress in the molecular biology of M. lep-
rae and the possibility that we may be close
to an effective vaccine, I advocate continu-
ing molecular studies, efforts to grow the
organism, and the study of the question of
immunological anergy in patients.

At the closing of this Conference, on be-
half of the Japanese participants, I would
like to say a great thanks to Dr. Gwinn, Dr.
Brennan, Dr. Ellner, and the other organiz-
ers of the 26th U.S.-Japan Leprosy Re-
search Conference. We shall meet again in
Tokyo at the next Research Conference.

Thank you.

—Tatsuo Mori, Chairman
Japanese Leprosy Panel
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