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Serologic studies have been widely done
in leprosy using the bacterial cell wall com-
ponent phenolic glycolipid (PGL-1) for pur-
poses of diagnosis, classitication in the dis-
case spectrum, chemotherapy mon itoring,
detection of subclinical infection, prognosis
and response to vaccines (1.4. I". '3). The
role which might be played by other struc-
tural components, individual Mrcobac-
terium leprae proteins among them, could
be very interesting for follow up of the be-
havior of antibodies directed to those pro-
teins, both in serologic reactions and in
cell-mediated immunity.

In previous studies we have reported on
a group of 150 patients followed over 5-10
years through repeated determinations of
anti-M. lepme PGL-I IgM antibody leveis
and studies of the lymphoproliferative re-
sponses toward various M. Ieprae antigens
(whole bacilli, complete protein extract).
Multidrug therapy (MDT) plus im-
munotherapy (IT) or MDT alone resulted in
a statistically significant decrease in anti-
body leveis in the multibacillary (MB)
group ztt the end of 2 years of treatment, and
those values continued decreasing in later
evaluations (15.1").

With the introduction of molecular biol-
ogy technology and with monoclonal anti-
bodies, it has been possible to obtain indi-
vidual proteins from mycobacterial anti-
gens "•2('23). A good knowledge of the
humoral response of the host directed to
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specific M. leprae mycobacterial antigens,
especially heat shock proteins, could be
useful in vaccine preparation and epidemio-
logical studies (5)•

In the present study, we monitored I,gG
antibodies directed to mycobacterial pro-
teins from M. tuberculosis (Ml 70), M. bo-
ris (Mb 65), M. leprae (M1 36, MI 28, MI
18, MI 10) and the complete protein M. lep-
me antigen (MISA) before starting MDT
(year 0) and during and after completing
treatment (years 2-3). The recombinant
antigens used in these assays were obtained
from the Recombinant Protein Bank of the
World Health Organization.

MATERIAIS AND METHODS
Patients. Patients were examined at the

Clinicai Section of the institute of Biomed-
icine, Caracas, Venezuela. The forni of the
disease in each patient was classitied ac-
cording to clinicai, histopathologicztl and
bacteriological criteria as defined in the
Ridley-Jopling scale Originally, a sam-
ple of 15 multibacillary (MB) patients and
17 paucibacillary (PB) patients were evalu-
ated. The follow-up process included 12
MB patients and 12 PB patients who were
sampled before, during and after MDT.
Only the data from the groups of 12 with ali
samples are reported in the results. Ali MB
patients (80% men and 20% women) and
PB patients (30% men and 70% women)
were ztdults.

Six Mitsuda-positive and 10 Mitsuda-
negative contacts were also evaluated. The
positive contacts were personnel of the In-
stitute of Biomedicine in frequent contact
with patients over a period of 10 years or
more. Negative contacts were household
contacts of both MB and PB patients.

Antigens. The antigens used for this
study were: soluble M. leprae extract
MLSA obtained by rupturing bacilli with a
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Tini 1. P/-e-treta/nem igG antibods lereis directed toward rarious inrcobacterial
proteins in the different forms of the disease and in emacieis. (Sentiu i dilate(' 1:200.)

No.

N1yeobacterial protein antigens

Mt70 NIb65 MI36 MI28 MI18 N1110 NI1SA

Multibacillary 12 0.629' 0.446 0.662 0.431 0.279 0.828 1.114
Ritleihaeillary 1") 0.427 0.448 0.642 0.274 0.118 0.149 0.508
NI itsuda-positive com aels 6 0.883 0.343 0.052 0.384 0.193 0.099 0.202
NI itsuda-negative contaets 10 0.265 0.095 0.155 0.153 0.181 0.141 0.086

'Average OD at 490 mu.

French Press (`'); recombinant 70 kDa M.
tuberculosis antigen, 65 kDa AI. boris anti-
gen and 36 kDa, 28 kDa 18 kDa and 10
kDa M. leprae antigens. Ali recombinant
antigens were used at a 5-pg/m1 concentra-
tion and the complete soluble leprae at 2
pg/m1 according to standardization estab-
lished in previous studies (").

Serologic tests. IgG antibodies directed
to the total M. leprae protein and the re-
combinam antigens mentioned above were
determined by an ELISA ("). Each pa-
tient's sentiu, diluted 1:200, was tested in-
dividually during treatment. Circulating
IgG values were expressed in optical den-
sity (OD) at 490 nm. Positive and negative
control sera were included in each plate in
order to control for possible nonspecific
contaminants in the antigen preparations.
Specitic tests with an Escherichia coli con-
trol were not done because negative sem
gave very low values and because standard-
ization with arl appropriate concentration
would be somewhat empirical.

Data analysis. Data were expressed in
percentage of positives considering as posi-
tive IgG antibodies that produced an OD
0.2 higher than the value established using
M1SA in previous studies. This value is
high for some of the recombinant proteins,
but does not alter the interpretation of the

data with respect to changes in antibody
leveis during follow up.

RESULTS
We used the ELISA technique to evalu-

ate the antibody response toward the vari-
ous mycobacterial proteins. All MB pa-
tients in the initial samples (N = 12)
showed antimycobacterial protein antibod-
ies, mainly ind with greater intensity
against MISA, M120, Mt70, MI36 kDa and,
to a lesser degree, MI65, MI18 and M128
kDa, but always demonstrating a difference
in response in relation to the PB group
(Table 1). The optical densities and num-
bers of positive samples are shown in Ta-
bles 2 and 3.

The results shown in this study reveal a
clear decline in IgG antibodies directed to-
ward mycobacterial proteins in the 12 MB
patients when they were treated with MDT.
Initially, we found strong reactivity toward
complete cytosolic protein and Al. leprae
membrane. The most reactive recombinant
proteins in MB patients were M110, M136,
Mt70 kDa and, finally, M118 kDa when
compared to the PB group (Fig. 1). After
treatment was completed, ali LL and BL
patients showed low or zero leveis as com-
pared with the initial values before starting
treatment (Fig. 2). The 12 PB patients were

TABLI: 2. IgG positivits toward mycobacterial protejas before and afiei- MD7' ia 12
M13 patients.

Myeobacterial protein antigens
OD
(490 uni) Mt70 Mh65 M136 N1128 NI118 N1110 NI1SA

f t-

>1 2/12 O 1/12 O 1/12 O O O 0 0 4/12 2/12 5/12 O
0.2-0.99 5/12 2/12 8/12 O 9/12 4/12 12/12 O 9/12 3/12 3/12 1/12 7/12 5/12
0.0-0.19 5/12 10/12 3/12 12/12 2/12 8/12 O 12/12 3/12 9/12 5/12 9/12 O 7/12

"i = OD at heginning oU treatinent.
= OD ai end of treatment (2 years).
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TABU 3.
patients.

IgG positivity toward nircobacterial proteins before and atter MDT in 12 PB

Mycobacterial protelo antigens
OD
(490 nm) M128^M118^M110^M1SAMt70^Mb65^M136

f

>1 2/12 0 0 0 0 0 0 0 0 0 0 0 2/121/12
0.2-0.99 8/12 6/12 9/12 9 11/12 8/12 7/12 2/12 2/12 6/12 2/12 3/12 4/12 6/12
0-0.19 2/12 6/12 3/12 3/12 1/12 4/12 5/12 10/12 10/12 6/12 10/12 9/12 6/12 5/12

"i = OD at beginning of treatment.
= OD at end of treatment (1 year).

followed up for only 1 year since the dura-
tion of their treatment is shorter than that of
patients with a high bacterial load (Fig. 3).

DISCUSSION
According to WHO treatment guide-

lines, MB patients were followed up for a
2- to 3-year treatment period and PB pa-
tients were evaluated for a 1-year treatment
period. Ali 12 patients from each group
were followed individually until comple-
tion of treatment, contrary to a previous
study (14) in which we evaluated a pool of

sera from patients belonging to each type of
the disease. IgG antibodies directed toward
heat shock protein (hsp) MI10, Mt70, Mb65
and MI28 showed high leveis. Other work-
ers have reported that two of these hsp,
Mt70 and M165, are not good specific
markers in the disease spectrum (o). We also
detected IgG antibodies directed toward
these proteins in MB and PB patients and in
healthy Mitsuda-positive contacts, but not
in Mitsuda-negative contacts.

Heat or stress shock proteins are induced
by a variety of stimuli and one of them is
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FIG. 2. Serologic follow tip^ patients treated with titultidrug therapy.^= year O; R = year 1;
= year 2.

mycobacterial infection They also have
great homology with gene sequences that
code for these proteins in other phylogenet-
ically separated species such as E. co/i and
Home sapiens (7). These proteins are con-
stitutively expressed, and one of the func-
tions in which they are involved is protein
translocation and folding at an intracellular
levei. The average decrease in antibody lev-
eis against heat shock proteins during ther-
apy is almost twice as accelerated in MB
patients as compared with the leveis of an-
tibodies directed toward other proteins
(MI10, MI36 and M128 kDa).

Only the M110 kDa protein establishes
differences in the group of patients studied,
on the basis of the difference in bacillary
load between the two groups (MB and PB).
It is considered a promising antigen for skin
testing and the most adequate for measuring
leprosy incidence. Quantitatively, it is the
most abundant, representing around 1% of
the bacterial mass (1')• The M110 protein,
together with the M136 and MI28 proteins,
are the ones against which IgG antibodies

persist for longer periods in MB patients
during MDT.

It is notable that the only serologic re-
sponse directed toward recombinant pro-
teins which increased during treatment was
the one directed toward Mb65, and this was
observed in PB patients with low bacillary
loads. This protein could be involved in the
inununopathological processes which char-
acterize this group of patients, amono them
peripheral nerve damage, which is the most
important cause of deformities in leprosy.

MI36 protein is a disease marker; it is a
specific immunodominant protein with
proline-rich regions where, according to
other authors ( ), 100% of MB and 91%
of PB patients present positive serology. In
our study, MB patients showed a high per-
centage of positives (83%). Among PB pa-
tients, 91.6% were positive. This protein
could be used to detect high-risk persons,
which could be very useful for leprosy con-
trol programs. The antibody decrease
against MI36 is much faster in the PB
group compared with the high bacillary
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load in MB patients. This is the only protein
which does not show crossreactivity \vali
autoimmune processes; whereas the other
proteins tested in this study reflect the pres-
ence of antibodies against kDa 70 (mean
OD = 0.873), 65 (0.823), 36 (0.060), 28
(0.387), 18 (0.519) and 1() (0.782) myco-
bacterial proteins in sem a from patients with
autoimmune diseases (collagen type clis-
cases, lupus erythematosus, scleroderma).

The MI28 kDa protein is an enzyme, su-
peroxide clismutase (SOD), secreted in cul-
ture medium by growing bacilli. and there
is preliminary evidence that the 28 IcDii pro-
tein can be secreted in infected tissues
(2.21) in which the bacterium occupies an
environment in vhich it is StIbIllinCd to se-
vere oxidative stress. The importzince of
this enzyme as a cytoprotective inummo-
dominant antigen lies in maintaining myco-
bacterial survival ‘vithin the macrophage.
Antibodies against this protein were net de-
tected in lupus erythematosus but were
present in other autoimmune processes,
such as scleroderma. rvi itsu ci a-positive con-

tacts showed 0.384 OD IgG antibody leveis
toward MI28 as compareci w'ith Mitsucia-
ne;ative contacts who only showed 0.153
OD. 11 is interesting to note that detectable
excretion of. this protein by the presence of
antibodies was zero in MB patients after
completing 2 years of MDT. Nlitsuda-posi-
tive contacts also showed high leveis of an-
tibodies directed toward the 28 kDa protein
compareci with Mitsucia-negative contacts.

Once more we would stress the high ho-
mology with human heat shock proteins
where stress proteins protect cells from the
toxic effects of oxidative intermediates and
mitochondria are their selective target (")•
SOD is a bacterial defense component
against the intracellular attack of phagocyte
cells against mycobacteria (2")• The amino-
acid sequence of this protein shows 67%
homology with human SOD.

Regarding M118 kDa protein, the zuni-
body response is much higher in MB as
compared \vith PB patientst it does not dis-
appear completely but, ralhem, maintains
low leveis. This protein lias been consid-
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ered as an important antigen for T lympho-
cyte presentation ().

Total proteins represent the combination
of ali the individual proteins and, therefore,
retlect a high value in antibody detection,
even though used at a lower (21..tg/m1) con-
centration. Thus, the variability of the re-
sponses may be due to the role that each of
the individual proteins plays.

In summary, we muni! that IgG antibody
leve Is toward mycobacterial proteins
(MISA, MI36, M128, MI10, MI18) in most
patients are expressei! in relation to the size
of the bacillary load, and the response to the
70 and 65 kDa proteins reflects the high ho-
mology they show with Mimai! 70 and 65
kDa proteins in patients previously sensi-
tized to mycobacterial antigens. The
marked decrease in antibody leveis once
more demonstrates the efficacy of MDT ad-
ministered to these patients.
We cannot overlook certain other mycobac-
terial proteins, such as those belonging to the
group of proteins secreted by M. bons,
among them 30, 31 and 32 kDa proteins,
which could be modulating the host response
since MB patients presented high levels of
IgG antibodies directed to this group of pro-
teins compared with PB patients and con-
trols using the Western blot technique (17)•

SUMMARY
Humoral immune responses were stud-

ied in 24 leprosy patients treated with mul-
tidrug therapy (MDT) and 16 contacts. The
patients were monitored for 2 to 3 years
with repeated determination of IgG anti-
body leveis directed to different mycobac-
terial proteins (Mvcobacterium fuberculo-
sis, Mt70; M. bovis, Mb65; M. leprae,
M136, 28, 18, 10 kDa, and the complete
protein M. leprae extract, MLSA). Ali re-
combinam antigens were usei! at 5 pg/m1
concentration and the complete soluble M.
leprae extract at 2 tly./inl. The results shown
in this study reveal a clear decline in IgG
antibodies directed toward mycobacterial
proteins in the 12 multibacillary (MB) pa-
tients when they were submitted to MDT.
Initially we found strong reactivity toward
complete cytosolic protein and M. leprae
membrane protein. The most reactive re-
combinam proteins in MB patients were
M110, MI36, Mt70 kDa and, finally, MI18

kDa when compared to the paucibacillary
(PB) group. After treatment was completed
all lepromatous and borderline lepromatous
patients showed low or undetectable leveis
as compared with their initial values before
starting treatment.

RESUMEN
Se estudiaron Ias respuestas humorales en 24 pa-

cientes con lepra tratados con poliquimioterapia (1)QT)
y en 16 contactos saltos. Los pacientes fueron estudia-
dos durante 2 6 3 afios con relación a Ia presencia de
anticuerpos IgG contra diferentes proteinas microbac-
terianzts (Mycobacterhun luberculosis,Mt70: 41. bovis,
M065; 51. lepme, MI36, 28, 18, 10 kDa, y un extracto
total de M. Ieprae , MISA). Todos los antigenos re-
combinantes fueron usados a Ia concentración de 5 pg
por ml y cl extracto soluble MLSA a 2 pg por ml. Los
resultados de este estudio mostraron una clara dismi-
nución CII los anticuerpos IgG contra Ias proteinas mi-
cobacterianas em los 12 pacientes multibacilares (MB)
sujetos aI tratamiento con PQT. Inicialmente se encon-
tró una fuerte reactividad bacia las proteinas
cas y de membrana de Al. leproe. Las proteinas recom-
binantes más reactivas en los pacientes multibacilares
fueron M110, N1136, Mt70 y finalmente M118. En com-
paración con los niveles de anticuerpos encontrados ai
inicio, los niveles de anticuerpos encontrados después de
completar cl tratamiento fueron baios o no detectables.

RÉSUNIE
La réponse immunitaire à médiation humorale fut

étudiée chez 24 patients traités par la polychintio-
thérapie (I'CT) et chez 16 personnes en contact avec
ces derniers. Les patients furent suivis pendam au
moins 2 à 3 années, période au cours de laquelle les
niveaux d'anticorps de type IgG diriges curare des pro-
téi nesvariées d'origine mycobactérienne (hlsrobac-
teriam taberculosis. Nit 70; 41. bovis, Mb 65; 41. lep-
rae, MI 36. 28, 18, 10 kDa, et l'extrait complet solu-
ble de M. !clave MLSA) furem déterminés de façon
répétée. Tons les antigènes recombinants furent utilisés
à une concentration de 5 (pg/mI et l'extrait com plet
soluble de 41. lepra(' à 2 (p/ml. Les résultats présen-
tés dans cette étude ont montré une nette diminution
eles anticorps de type IgG dirigés cultue les protéi nes
d'origine mycobactérienne chez les 12 patients multi-
bacillaires (MO) lorsqu'ils débutèrent la PCT. Au
début, nous avons trouvé une forte réactivité contre Ia
protéine cytosolique complete et Ia protéine mem-
branaire de M. Itpme. Les protéines recombinantes les
plus reactives chez les patients MB étaient MI 10. MI
36, Mt 70 kDa et, tinalement N11 18 kDa, comparé ali
groupe des patients paucibacillaires (PB). Après Ia lin
du traitement. tous les patients lépromateux et lépro-
mateux borderline ont montré des niveattx faibles ou
non-détectables, comparés aux valeurs initiales
mesurées ;Avant le ft:atentem.
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