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To demonstrate local synthesis of anti-Mycobacterium leprae antibodies, biop-
sies from skin lesions of leprosy patients were cultured in vitro in a medium
containing "4C-labeled lysine and isoleucine, and the culture fluids were analyzed
by crossed immunoelectrophoresis with intermediate gel and autoradiography.
The results show that anti-M. leprae antibodies were synthesized in vitro in the
biopsies from the skin lesions of leprosy patients and that the specificity of the
locally produced antibodies varied from patient to patient.

In a previous study it was demonstrated that
immunoglobulins (mostly inmunoglobulin G
[IgG]) are produced locally in skin lesions of
leprosy patients. The amount of locally synthe-
sized IgG ranged from small in tuberculoid to
distinct in borderline and large in lepromatous
leprosy (6).

Antibodies against various mycobacterial an-
tigens occur in sera from leprosy patients in
amounts increasing from the tuberculoid to the
lepromatous end of the spectrum (1, 5, 9, 13).
The increasing amounts of anti-mycobacterial
antibodies correlate to a certain extent with the
increasing number of leprosy bacilli in the skin
lesions. These observations indicate that at least
a part of the locally produced IgG may represent
anti-mycobacterial antibodies.
To investigate whether the locally synthesized

immunoglobulins contain antibodies directed
against Mycobacterium leprae antigens, lesional
skin of leprosy patients was cultured in vitro in
a medium containing ['4C]lysine and ['4C]isoleu-
cine (7). The culture fluids were incorporated in
the intermediate gel of crossed immunoelectro-
phoresis (CIE) plates with M. leprae antigen in
the first dimension gel and a reference anti-M.
leprae serum in the top gel. By autoradiography,
it was found that some of the precipitin lines
contained radioactivity. This shows that anti-
mycobacterial antibodies were synthesized in
vitro during the short time culture of lesional
skin, confirming our initial hypothesis.

MATERIALS AND METHODS

Tissues. Biopsy specimens were taken from seven
untreated leprosy patients who were classified clini-

t Present address: Department of Dermatology, University
Hospital, Paramaribo, Suriname.

cally and histopathologically according to the Ridley
and Jopling scale (10, 11). From each patient, six
biopsy specimens with a diameter of 5 mm were taken
without previous disinfection of the skin. One sample
was used for histological examination, one was used
for immunofluorescence investigation, and four were
used for culture. Two of those used for culture were
processed directly, and the other two were cultured
after killing the cells by freezing (-20°C) and thawing
(three times) to serve as controls.

Sera. Sera were obtained from venous blood at the
same time as biopsy specimens were taken and stored
at -20°C until used.
Demonstration of immunoglobulin synthesis

in vitro. The method used for demonstration of im-
munoglobulin synthesis has been described in detail
previously (7). Briefly, the biopsy specimen was
minced in Hanks balanced salt solution after removal
of the epidermis, and the tissue fragments were incu-
bated for 48 h in 1 ml of modified Eagle medium
containing 1 ,uCi of L-['4C]lysine (specific activity, 312
mCi/mmol; Schwarz Bio Research, Orangeburg, N.Y.)
and 1 ttCi of L["4C]isoleucine (specific activity, 312
mCi/mmol; Schwarz Bio Research). To this medium,
gentamicin (25 yg/ml) was added. After incubation,
the cultures were frozen (-20°C) and, after being
thawed, were dialyzed against phosphate buffer (0.015
M; pH 7.6) to remove excess radioactive amino acids.
Next, the culture fluid was concentrated by lyophili-
zation, dissolved in 0.1 ml of bidistilled water, and
analyzed by micro-immunoelectrophoresis. Because
concentrated culture fluids often contain too little
protein to provide well-defined precipitation lines, an
appropriate carrier serum was used, and the newly
synthesized immunoglobulins were detected and iden-
tified by autoradiography. The plates were exposed to
Kodak Royal-X pan film (1200 ASA) for 21 days and
developed with 10% Rodinal solution (Agfa).
The antisera used were horse anti-human serum,

sheep anti-IgA, and sheep anti-IgM obtained from the
Central Laboratory of the Red Cross Blood Transfu-
sion Service, Amsterdam, The Netherlands.

CIE. CIE with intermediate gel was carried out on
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glass plates (5 by 5 cm), and the plates were washed,
pressed, and stained with Coomassie brilliant blue as
described in detail elsewhere (2). The gels were made
with 1% agarose, Litex type HSA with moderate elec-
troendosmotic flow (Litex, Glostrup, Denmark). The
top gel contained 150 IL of rabbit anti-M. leprae anti-
serum; the intermediate gel contained 100 pl of buffer,
patient serum, or reconstituted culture fluid as speci-
fied below. The circular antigen well contained 10 IL
of an M. leprae sonic extract prepared as described
previously (4).
By incorporation of patient serum in the interme-

diate gel of a CIE plate, its antibody content can be
analyzed by direct comparison with a reference system
defined by the M. leprae antigens in the circular well
and the anti-M. leprae antibodies in the top gel. An-
tibodies against M. leprae antigens 2, 5, and 7 are the
most frequently occurring in sera of lepromatous lep-
rosy patients (4). Component no. 4 usually gives a very
distinct line in CIE with rabbit anti-M. leprae serum
against M. leprae sonic extract. Component no. 6 often
gives a faint, rather diffuse precipitate in this system,
and the height of this peak was less reproducible than
for the other components analyzed.
The antiserum was prepared by pooling different

rabbit anti-M. leprae antisera to obtain a pattern
where components no. 2, 4, 5, and 7 gave distinct lines
lying free of each other and thus providing optimal
conditions for demonstration of the corresponding an-
tibodies (Fig. 1A). An additional, very distinct com-
ponent is seen between components 5 and 7; it has not
yet been assigned a definite number and is denoted
component X in this paper.

For demonstration of antibodies in sera, 100LI of
patient serum was incorporated in the intermediate
gel and the plates were analyzed for retention of
antigen in the intermediate gel as described elsewhere
(3, 4) (Fig. 1B).
For the study of culture fluids, 100lI of reconsti-

tuted culture fluid was incorporated in the intermedi-
ate gel. In some instances, the total antibody content
in the culture fluid-the original antibody present in
the intercellular fluid plus newly synthesized anti-
body-was sufficient to change the position of a pre-
cipitation line (cf. the extended legs of precipitin line
5 in Fig. 10). The newly synthesized antibodies in the
culture fluids were detected and identified by autora-
diography of the CIE plates. Autoradiography was
performed with X-ray film, the exposure time being 4
and 12 weeks. As a control for antibody synthesis
during the 48-h culture period, CIE plates with inter-
mediate gels in which culture fluid of dead tissue was
incorporated were subjected to autoradiography in the
same way.

RESULTS
Anti-M. leprae antibodies in patient sera.

For demonstration of anti-M. leprae antibodies
in sera, 100 td of patient serum was incorporated
in the intermediate gel of the CIE plate. The
results were compared with the reference plate
which contained buffer in the intermediate gel
and evaluated as described by Harboe et al. (4)
(Fig. 1A and B).

The results of these experiments are given in
Table 1. The antibody content in serum varied
from patient to patient, the number of antibody
specificities and the amount of antibody de-
creased toward the tuberculoid end of the spec-
trum, and anti-M. leprae 2, 5, and 7 were the
most frequently occurring specificities corre-
sponding to previous findings (4).
Immunoglobulin synthesis. The analysis of

immunoglobulin synthesis in vitro demonstrated
that IgG was synthesized in different amounts
in the lesional skin of the patients investigated.
The amounts varied from large in polar and
subpolar lepromatous to distinct in borderline
and barely detectable or nondetectable in tu-
berculoid leprosy. Production of IgA and IgM
could not be detected. These results confirm
those published previously (6).
Demonstration of anti-M. leprae antibod-

ies in culture fluids. For demonstration of in
vitro-synthesized anti-M. leprae antibodies, cul-
ture fluids of biopsies of skin lesions were ana-
lyzed by CIE with intermediate gel and autora-
diography (Table 2, Fig. 2 and 3).

A Manti-b eprae

buffer

0 M-leprae

Aanti-M leprae

/ \ J < ~~~~~~~~serum

I~~ Culturefluid

Q M -leprae

FIG. 1. Drawings of the original plates. (A) Refer-
ence pattern. (B) Strong antibody activity against M.
leprae antigens 2, 4, 5, and 7 and distinct antibody
activity againstX in the serum ofa borderlinepatient
(patient no. 4). (C) The antibodies against M. leprae
antigen 5present in intercellular fluid (patient no. 4)
plus the in vitro-synthesized antibodies are sufficient
to change the position ofprecipitin line 5.
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TABLE 1. Reaction ofpatient sera with antigenic
components ofMycobacterium lepraea

Reaction with the following component:
Serum'

1 2 4 5 X 6 7

1;LLp - 4 4 14 4 i) 4d
2; LLs ? 4 ? 4 ? 4 (4)
3;LLs (4) 4 4 4 ? 4 4
4; BB - 44 44 44 4 ?
5; BT - 4 (4) 4 - (4) ?
6; BT - 4 - 4 - (4)
7; TT - (4) - - - -

a The results are indicated as described by Harboe
et al. (4). -, No antibody activity detected; ?, barely
detectable antibody activity; (4) slight but definite
change in the precipitin line; 1, precipitate lower than
normal, with its feet extending down into the inter-
mediate gel; 44, precipitate located close to the bottom
of the intermediate gel.

"Patient number and classification.

TABLE 2. In vitro-synthesized antibodies in
biopsies of skin lesions from leprosy patients"

Synthesis of antibodies against M. leprae
Biopsy antigen

1 2 4 5 X 6 7

1; LLpb - - - + - - -

2;LLs - + - + - - -
3; LLs + + + + - + -
4; BB - + + + - - -
5; BT - - - - - + -
6; BT - - - - - -

7; TT - - - - - -

-, No line on the autoradiograph; +, line on the
autoradiograph.

bPatient number and classification.

Figure 2 shows the patterns of the autoradi-
ographs in three patients. Local synthesis of
antibodies against one, two, or three components
of M. leprae was demonstrated in these individ-
uals.
The findings with patient no. 3 are shown

more completely in Fig. 3. Autoradiography with
an exposure time of 4 weeks revealed production
of antibodies against M. leprae antigens 2, 4, and
5 (Fig. 30). The autoradiograph developed after
a prolonged exposure time of 12 weeks showed
labeling of two additional lines, namely, corre-
sponding to antigens no. 1 and 6 (Fig. 3E). In
the culture fluids of dead tissues, labeled anti-M.
leprae antibodies could not be demonstrated
(Fig. 3G).
From these results it was concluded that anti-

M. leprae antibodies were produced in vitro
during the short time culture of lesional skin and
that the specificity of the locally synthesized
antibodies varies from patient to patient.
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The autoradiographs developed after an ex-
tended exposure time of 12 weeks showed in
only one case (patient no. 3) labeling of 2 addi-
tional precipitin lines. In the other cases there
was no difference between exposure times of 4
and 12 weeks.
The demonstration of in vitro-synthesized IgG

and anti-M. leprae antibodies in culture fluids
of lesional skin make it very conceivable that
the anti-M. leprae antibodies demonstrated be-
long to the IgG class. To confirm this, culture
fluids from three lepromatous leprosy patients
(two LLs and one LLp) were pooled, and the
IgG fraction was purified by diethylaminoethyl-
Sephadex chromatography. Next, the IgG frac-
tion was incorporated in the intermediate gel of
a CIE plate and analyzed as described above.
The autoradiograph showed that the isolated
IgG fraction contained the in vitro-synthesized
antibodies against M. leprae antigens.

DISCUSSION
The analysis of the culture fluids by CIE with

intermediate gel and autoradiography showed
several labeled M. leprae antigen lines. Labeling
of these lines would result from reaction between
radioactive antibodies synthesized during in vi-
tro culture and M. leprae antigens. The possi-
bility that labeled products from the cultured
tissue are sticky and nonspecifically may cause
labeling of precipitin lines was also considered.
Biopsies from patients with tuberculoid leprosy
were included as controls, representing living

B
5 2

4\C A/r
,/-

FIG. 2. Drawings of autoradiographs of the CIE
plates, demonstrating antibody production in vitro
during the short time cultures. (A) Patient no. 1; (B)
patient no. 2; (C) patient no. 4. The top gel had the
same size in all original plates but has been cut to
save space. In Fig. 2 the two horizontal lines in A, B,
and C show the limits of the intermediate gel of the
corresponding plates. In Fig. 3 similar cuts have been
made, but the complete intermediate gel is shown in
A to F.
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FIG. 3. Demonstration of anti-M. leprae antibodies in culture fluid of a patient with LLs leprosy (patient
no. 3). (A) CIE pattern; the intermediate gel contained culture fluid. (C) Autoradiograph of the CIE plate after
4 weeks of exposure, demonstrating in vitro synthesis of antibodies against M. leprae antigens 2, 4, and 5. (E)
Autoradiograph after 12 weeks of exposure. The intermediate gel is almost black, but the top gel shows two
more antibody activities, i.e., antibodies against M. leprae antigens 1 and 6. (B, D, and F) Drawings ofA, C,
and E, respectively. The control experiment in which culture fluid of dead tissue was incorporated in the
intermediate gel shows no antibody activities (0).

cultures where synthesis of antibodies is ex-
pected to be smaller due to a lower antigenic
stimulus. In the culture of BT patient no. 5, a
single line was labeled, whereas culture material
from the two other patients with tuberculoid
leprosy was completely negative. Labeling of
lines might also be explained by reaction be-
tween radioactive antigens of M. leprae formed
during the culture period and antibody present
in the tissues. It is unlikely that a sufficient
amount of radioactivity is incorporated in newly
synthesized M. leprae antigen during the short
culture period to be detectable by CIE and au-
toradiography. Liberation of antigen from the
bacilli is also expected to be poor by the method
used for processing of biopsied tissue. The dif-
ferent patterns observed in different patients is,
in itself, also a control strongly supporting the
view that labeling of lines is due to a reaction
between M. leprae antigens and antibodies that
are radioactive due to incorporation of labeled
amino acids during synthesis in vitro.

In a previous study, Lai A Fat et al. (7) dem-
onstrated synthesis of IgG in pathological skin
of patients suffering from certain skin diseases
such as eczema, lichen planus, mycosis fun-
goides, and immunological skin diseases. The
function of the locally synthesized IgG was not
studied, since the cause of these diseases is not
known. In leprosy it is now shown that the IgG
produced in the skin lesions contains antibodies
directed against M. leprae antigens.
To our knowledge this is the first time that

synthesis of specific antibodies has been dem-
onstrated in lesional skin in vitro. This finding
is not unexpected, however, since the granuloma
in the skin lesions of borderline lepromatous
leprosy contain lymphocytes, most probably B-
lymphocytes, and variable numbers of plasma
cells (11, 12). Moreover, by applying the direct
immunofluorescence technique, Ig-positive cells
which were morphologically typical lympho-
cytes and plasma cells could be demonstrated in
the lesional skin of some of the presently re-
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ported borderline lepromatous and lepromatous
leprosy patients (J. Chan Pin Jin, Ph.D. thesis,
University of Suriname, Paramaribo, Suriname,
1978). Other skin diseases which would also be
of interest to study in this respect include leish-
maniasis, syphilis, and tuberculosis.
The stimulus for the production of anti-my-

cobacterial antibodies in the skin lesions is prob-
ably local release of mycobacterial antigens from
macrophages containing bacilli. The biological
significance of the locally synthesized antibodies
is not yet clear. They are probably not respon-
sible for protective immunity, since lepromatous
leprosy patients have high titers of M. leprae-
specific antibodies and still numerous bacilli in
their tissues. It is possible, however, that the
antibodies may serve to localize the antigens,
e.g., by precipitating soluble antigens or by ag-
glutinating leprosy bacilli. The antibodies may
also have an opsonizing effect resulting in en-
hanced phagocytosis.
When the results of tests on culture fluids and

sera were compared, it was noted that when
antibodies of a particular specificity were syn-
thesized during culture (e.g., anti-M. leprae 5),
antibodies of the same specificity were always
found in serum. The opposite was, however, not
the case, and the specificity of the locally syn-
thesized antibodies was more restricted than in
the serum. The findings with regard to anti-M.
leprae 7 are particularly striking. Antibodies
against this antigen occur very frequently in
leprosy (Table 1) (4, 8, 13), whereas this line did
not show radioactivity in any of the cases studied
at present. This may be due to the peculiar
shape of this precipitin line with lesser sensitiv-
ity for detection of the corresponding antibodies.
Another and attractive hypothesis is that the
specificity of the antibodies may vary and de-
pend on the site of synthesis. Experiments are
in progress to elucidate this problem by cultur-
ing tissue obtained from different sites in indi-
vidual patients.
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