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The peripheral blood mononuclear cell
(PBMC) responses in leprosy show broad
variation according to the disease spectrum.
There is a good response at the tuberculoid
pole characterized by an active response in
cell-mediated immunity (CMI). In contrast,
cells of patients from the lepromatous pole
do not proliferate in the presence of specific
antigen.

Mycobacterizan leprae presents a comp-
licated structure which has been studied
for the last 20 years (4,6, 8, 12 , ,) showing in-
teresting results concerning the different
components of M. leprae. Many protein
constituents have been identified by im-
munoelectrophoretic and polyacrylamide gel
electrophoretic techniques. Recently, the
technique for converting bands cut from
Western blots into antigen-bearing particles
and testing them in lymphocyte transfor-
mation tests has been reported ( 7 . 10 . ' I ' 1 ' ' 4 ).

We have used this technique and have
identified different molecular weight frac-
tions and their behavior in the cellular re-
sponse in family contacts and leprosy pa-
tients.

MATERIALS AND METHODS
Patients and contacts. Heparinized blood

was obtained from patients with leprosy and
their contacts. The disease was classified ac-
cording to the criteria of Ridley and Jopling
( 16).) All patients received treatment with
sulfone, rifampin, and clofazimine.

Mycobacterial extracts. Soluble extract
of M. leprae (MLSE) was prepared by the
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rupture of bacilli purified from the tissues
of experimentally infected armadillos by the
Draper protocol ( 5) with eight passes through
a French pressure cell followed by centrif-
ugation at 49,000 x g x 1 hr at 4°C, to
eliminate bacillary debris, and filtration
through a Millipore membrane (pore size
0.45 gm) ( 3 ).

MLSE fractions. Soluble extract (50 pm
protein/lane) was electrophoresed on 10%
polyacrylamide gels containing sodium do-
decylsulfate (SDS), using a discontinuous
SDS buffer system (u). The samples were
diluted in a sample buffer, pH 6.8, contain-
ing 62 mM Tris-HCL, 2% SDS, 50 mM
2-mercaptoethanol and 10% glycerol, and
boiled for 3 min before application on the
gels. The gels were run at 25 mA (constant
current) in the stacking gel and 35 mA in
the separating gel until the bromophenol
blue tracking dye reached the bottom of the
gel. The gel was stained with 0.25% Coo-
massie brilliant blue. High molecular weight
standard mixture SDS-6H (Sigma Chemical
Co., St. Louis, Missouri, U.S.A.) was used
to determine the molecular weights (MW)
of the protein bands.

The proteins in unstained preparative gels
(800 /..tg protein/11 cm) were electrophoreti-
cally transferred to nitrocellulose sheets
(Sigma) 0.45 prn in a Trans-blot cell (Bio-
Rad Laboratories, Richmond, California,
U.S.A.) using a buffer pH 8.3 containing 25
mM Tris base, 192 mM glycine, and 20%
methanol at a constant current of 100 mA
( 17) for 16 hr at room temperature. The ni-
trocellulose membranes were cut into 18
horizontal sections, selecting the strongest
bands in stained vertical strips, correspond-
ing to 120-kDa to 14-kDa MW fractions.

The strips were then solubilized as de-
scribed previously (') by incubation and in-
termittent mixing for 1 hr with 500 in

189



190^ International Journal of Leprosy^ 1992

TABLE 1. Lymphocyte transformation tests.a

,11. leprae
BCG^ConA PHA

 

Purified bacilli Soluble extract

M itsuda-nositive
contacts (N = 35) 8.77" ± 10.66 14.17' ± 13.25 16.32" ± 19.47 73.48' ± 55.66 132.05' ± 172.40

Tuberculoid leprosy
patients (N = 41) 3.81 6 ± 5.55 12.38" ±^17.11 5.8' ± 6.20 40.12' ± 34.98 79.02" ± 72.26

Stimulation index ± standard deviation.
Differences in the lymphocyte transformation tests between the .1/. leprae and 13CG antigens used were analyzed

statistically by Student's / test for paired samples: " vs p < 0.01; '' vs d p < 0.05; ' vs " p > 0.05 (NS); vs , p
< 0.05; g vs " p < 0.01; g vs p < 0.02; " vs p < 0.02; r vs " p > 0.05 (NS); b vs g p < 0.05; ' vs p > 0.05
(NS); " vs ' p < 0.05. NS = not statistically significant.

DMSO, and the nitrocellulose particles were
precipitated by the addition of 500 sterile
0.05 M carbonate/bicarbonate buffer, pH
9.6, while vortexing the mixture vigorously.
The nitrocellulose particles were suspended
in 1 ml RPMI 1640 after the removal of
DMSO by three washings and centrifuga-
tion with the same medium. Twenty Al of
each nitrocellulose fraction was added to 2
x 10 5 lymphocytes in 200 Al of complete
medium. Other antigens and mitogens were
used as described previously ( 2).

Lymphocyte proliferation assays. Mono-
nuclear cells were obtained from 30 ml of
heparinized blood from leprosy patients,
normal volunteers, and healthy contacts of
patients as described previously ( 15) by cen-
trifugation on Ficoll-Hypaque gradients ( 2).
After 6 days of incubation, the cultures were
pulsed with 1 ACi of tritiated methyl thy-
midine (specific activity 1 Ci/mole) 18 hr
before harvesting, and the cells were pro-
cessed for liquid scintillation counting. Mean
counts per minute (cpm) of triplicate anti-

TABLE 2. Percentage of positive tests.a

.tf. leprae

Purified Soluble^13CG
bacilli^extract

Mitsuda-positive
contacts (N = 35) 77%" 91%' 94%'

Tuberculoid leprosy
patients (N = 41) 51.22%d 75.6V 68.29%g

Stimulation index > 2.
Differences in the percentage of positive tests be-

tween purified bacilli M. leprae, soluble extract M. lep-
rae, and 13CG were analyzed statistically by the chi-
squared Fisher exact test:

vs p < 0.05; `I vs ' p < 0.001; d vs g = NS; " vs
= NS; ' vs g = NS; ' vs r = NS. NS = not statistically
significant.

gen-containing cultures were converted to
stimulation index (SI) in relation to the ni-
trocellulose control culture.

Statistical analysis. The results in Table
1 were compared using the paired Student
t test and the independent Student t test for
the different groups. In Table 2 the per-
centage of positive tests was compared using
the chi-squared Fisher exact test and were
considered significant when p was 0.05
in both cases.

RESULTS
In our experience, the results obtained in

cellular proliferation assays using MLSE
have always been higher in normal volun-
teers, contacts of leprosy patients, and tu-
berculoid leprosy patients in comparison
with purified Al. leprae whole bacilli. Table
1 shows the details of the average prolifer-
ation obtained in a previous experiment with
35 Mitsuda-positive contacts and 41 tuber-
culoid leprosy patients. The results were ex-
pressed in mean ± standard deviation, us-
ing AI. leprae antigens (soluble extract of M.
leprae and purified bacilli) and BCG. Con-
canavalin A and phytohemagglutinin as mi-
togens were also tested. The differences were
significant when we compared whole Al.
leprae with the MLSE. There was no sig-
nificant difference between the tuberculoid
patients and the contact groups using the
protein extract. As shown in Table 2, the
percentage of positive tests was also higher
using MLSE.

Sod ium -dodecylsul fate polyacrylam ide
gel electrophoresis (SDS-PAGE) analysis of
MLSE (50 pg of protein per lane) under re-
ducing conditions, followed by Coomassie
brilliant blue staining, revealed numerous
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bands of different molecular weights (Fig.
1), and the most prominent transferred
bands (black points beside the stained gel)
were chosen for solubilization. The results
of proliferation were expressed as SIs for
the different fractions used (Fig. 2). Using
fractionated M. leprae extract, we have ob-
served some reactivity between 66-55, 45-
29, 22-18, and at 14-kDa in the contacts
and healthy volunteers (N = 13). In the two
tuberculoid patients we observed some
reactivity with the 36-30 and 14-kDa frac-
tions. In the four lepromatous (LL), non-
vaccinated patients, we observed lower
reactivity in comparison with the three vac-
cinated lepromatous patients.
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DISCUSSION
Using different Al. leprae antigen prepa-

rations (purified bacilli, lepromin, soluble
extract prepared using the French press), we
have observed that the best results have been
obtained with M. leprae soluble extract and
that the percentage of positivity was higher
when the soluble extract was used, suggest-
ing that the soluble extract is digested more
easily by the macrophages of both groups.
Similar results have been reported previ-
ously from our laboratory ( 15 ).

After electrophoretic separation and
transfer to nitrocellulose membranes, we
observed numerous protein bands. The 18
most prominent protein bands were select-
ed for this study.

This technique represents a new advance
over the use of whole antigen from Al. leprae
for the measurement of cell-mediated im-
munity in infected patients.

Using fractionated M. leprae extract, we
observed some reactivity between the 66-
55, 45-29, 22-18 and 14-kDa fractions in
contacts and healthy volunteers (N = 13).
In the two tuberculoid patients we observed
some reactivity with the 36-30 and 14-kDa
fractions but the four unvaccinated LL pa-
tients did not respond significantly to any
of the fractions (SI < 1).

Other investigators have found that the
35-kDa protein is a particularly potent im-
munogen. This protein was precipitated by
monoclonal antibody which recognizes a 35-
or 36-kDa protein of M. leprae and by sera
obtained from patients with lepromatous
leprosy ( 7 . 14). We did serological assays with
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FIG. 1. SDS polyacrylamide gel electrophoresis of

solube extract of .11. leprae.

sera from unvaccinated leprosy patients
(Western blots), and we obtained the two
strongest bands between 24-29 and 14-kDa
(data not shown).

Protective immunity did not appear to be
associated with proliferation caused by any
single fraction. The same observation has
been reported by other groups (".").

Some reactivity was observed in the vac-
cinated lepromatous patients when we used
fractions of low molecular weight. In un-
vaccinated and untreated lepromatous pa-
tients, we did not observe any reaction.

In the literature we found reports of dif-
ferent responses using fractionated antigen.
We have used M. leprae soluble extract pre-
pared using the French pressure cell, in con-
trast with the other reports in the literature
(7, I I . 13, 14') and the pattern was very similar
in the different preparations. We chose 18
fractions and the dilution used (1:10) was
based on numerous preliminary assays. Al-

•
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FIG. 2. Stimulation index using diferent protein fractions from MLSE in leprosy patients and Mitsuda-
positive contacts. A A = Mitsuda-positive contacts; A • = LL vaccinated; •—• = HT and 0 0 =
LL not vaccinated.

though few patients were tested, we also
checked the response in lymphocyte trans-
formation tests.

Our interest now is concentrated on the
low molecular weight protein associated with
the cellular wall because we have found high
reactivity in proliferation assays using cell-
wall residue in comparison with the French
press and sonicated and soluble extracts
(data not shown). This technique may be of
practical value since comparing differences
in the immunoblot profiles of polyclonal
T-cell responses of infected and vaccinated
or immune individuals may permit the
identification of determinants capable of
stimulating both T and B cells for the future
design of an effective vaccine.

SUMMARY
Because of the good results obtained in

the mononuclear cell (T lymphocyte) pro-
liferative response in tuberculoid leprosy
patients and family contacts and healthy
Mitsuda-positive volunteers using Myco-
bacterium leprae soluble extract, we pre-
pared different protein fractions from the
soluble extract. We used the T-cell Western
blot technique with separation by electro-
phoresis in SDS-polyacrylamide gels and

transfer onto nitrocellulose membranes.
Each unstained blot was converted into 18
fractions of antigen-bearing particles and
tested with peripheral blood mononuclear
cells from 21 individuals including Mitsu-
da-positive contacts, vaccinated leproma-
tous leprosy (LL) patients, borderline tu-
berculoid (BT) patients, and unvaccinated
lepromatous patients. The stimulation in-
dex (SI) of the contacts was higher to the
different fractions in comparison with the
leprosy patients. They showed four peaks of
stimulation to fractions 66-55, 45-29, 22-
18, and 14 kDa. The second highest re-
sponders were BT patients, followed by vac-
cinated LL patients. The unvaccinated pa-
tients did not respond significantly to any
of the fractions (SI < 1).

RESUMEN
Las celulas mononucleares (lin focitos T) de pacientes

con lepra tuberculoide, de sus contactos sanos, y de
voluntarios sanos no relacionados, proliferan en res-
puesta at estimulo con un extracto soluble del Myco-
bacterium leprae. En este estudio se analizO el efecto
de diferentes fracciones proteicas del extracto soluble
del M. leprac sobre la respuesta proliferativa de las
celulas. El extracto soluble se fraccionO por electrofo-
resis en poliacrilamida-SDS, las fracciones se transfi-
rieron a membranas de nitrocelulosa, y de cada mem-
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brana se prepararon 18 suspensiones de particulas de
NC con diferentes fracciones antigenicas. Las parti-
culas se probaron con las celulas mononucleares de la
sangre de 21 individuos (contactos Mitsuda-positivos,
pacientes lepromatosos vacunados y no vacunados, y
pacientes con lepra tuberculoide subpolar). En general,
el indice de estimulaciOn (IE) de los contactos file ma-
yor que el de los pacientes con lepra. Los contactos
mostraron 4 picos de respuesta con las fracciones de
66-55, 45-29, 22-18, y 14 kDa. Los scgundos mejores
respondedores fueron los pacientes con lepra tuber-
culoide subpolar, seguidos por los pacientes lepro-
matosos vacunados. Los pacientes lepromatosos no
vacunados no respondieron significativamente a nin-
guna de las fracciones (IE <

RESUME

A cause des bons resultats obtenus dans la reponse
proliferative des cellules mononucleaires (lymphocytes
T) a un extrait soluble de Mycobacterium leprae chez
des patients presentant une lepre tuberculoide et des
contacts familiaux et des volontaires en bonne sante
positifs au test de Mitsuda, nous avons prepare difFe-
rcntes fractions proteiques a partir do l'extrait soluble.
Nous avons utilise la technique de Western blot des
cellules T avec separation par electrophorese en gel de
SDS-polyacrylamide et transfert sur membrane de ni-
trocellulose. Chaque "blot" non teinté fut converti en
18 fractions de particules porteuses d'antigenes et test&
avec des cellules mononuclêaires du sang peripherique
de 21 personnel y compris des contacts positifs pour
le Mitsuda, des patients lépromateux (LL) vaccines,
des patients borderline tuberculoIdes (BT), et des IC-
promateux non vaccines. L'index de stimulation des
contacts (IS) etait plus Cleve pour les differentes frac-
tions par rapport aux maladcs de la lepre. Its ont montre
quatres pies de stimulation pour les fractions 66-55,
45-29, 22-18 et 14-kDa. Le deuxieme groupc a pre-
senter la reponse la plus forte etait les patients BT,
suivis par les patients LL vaccines. Les patients non
vaccines n'ont repondu de maniere significative a au-
cune des fractions (IS < 1).
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