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Summary Nerve damage iscommon in leprosy although the mechanisms involved
are poorly understood. We have isolated myelin proteins from bovine sciatic
nerves and used them to detect sensitization to these antigens as a possible
mechanism for nerve damage in leprosy patients. These proteins as well as
Mycobacterium leprae sonicate were used in an in vitro lymphocyte stimulation
assay and data from leprosy patients compared to healthy contacts who served as
controls. Furthermore, for each patient a correlation between the lymphoprolifer-
ative response to the myelin proteins and clinical parameters of nerve damage was
looked for.

Our results do not show any differences between the patients and control
subjects in their responses to myelin proteins. There was also no correlation
between these responses and any clinical parameter of nerve damage or
classification of the patient. Myelin basic protein, P;, stimulated lymphocytes
from all individuals studied and behaved like a mitogen. A significant positive
correlation was found between lymphocyte stimulation to M. leprae and the
number of enlarged peripheral nerves.

Itis felt thatunlike experimental allergic neuritis or encephalomyelitis, leprosy
neuropathy is most likely not mediated via an autoimmune sensitization to myelin
proteins. Our negative findings could, however, be due to lymphocyte trapping in
nerve lesions. Furthermore, the possibility that autosensitization to other nerve
components, e.g. non-myelin, may be involved in the pathogenesis of some nerve
lesions in leprosy cannot be ruled out. Our studies, however, offer further support
to the concept that hypersensitivity to intraneurally located M. leprae antigens is
the main mechanism whereby nerve damage is produced in leprosy.

* Part I of this paper will appearin Int J Lepr, 1983; in press as: Mshana RN, Harboe M, Stoner
GL, Hughes RAC, Kadlubowiski M, Belehu A. Immune responses to bovine neural antigens in
leprosy patients. I. Absence of antibodies to an isolated myelin protein.
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Introduction

In animals the involvement of cell-mediated immune responses to myelin proteins
in the pathogenesis of peripheral neuropathy has been studied.'= In this model,
experimental allergic neuritis (EAN), the antigen involved has been shown to be a
myelin basic protein called P,.4¢ Injection of this protein with complete adjuvant
(although even without adjuvant: Hughes RAC, personal communication)
usually leads to EAN in susceptible animals.® Histologically, EAN lesions are
characterized by perivascular lymphocytic and macrophage infiltration accom-
panied by demyelination.!”” Myelin basic protein, P,, has been shown to be
encephalitogenic in animals inducing a disease of the central nervous system.
Although electrophysiological changes in peripheral nerves can be seen in this
disease,® the peripheral nerves are not the primary target of the inflammatory
cells. Since leprosy seems to spare the central nervous system, it seems unlikely
that an autoimmune attack to P, might be involved in the pathogenesis of leprosy
nerve damage. Myelin protein, Py, is the major protein component of the
peripheral nerves. Its role in the induction of autoimmune peripheral neuro-
pathies has not been well studied.

Segmental demyelination is a frequent finding in leprosy especially early in the
disease evolution.”'? In these instances, demyelination has been reported even in
the absence of morphologically definable Mycobacterium leprae in situ.® '
Failure to detect definable M. leprae in nerves which show changes consistent
with early leprosy might indicate that either intact bacilli are not absolutely
necessary for the pathogenesis of the early changes or that some factors produced
at a distance, e.g. autoantibodies or enzymes, are involved.

In established leprosy, especially in the tuberculoid end of the spectrum,
lymphocytic infiltration and granulomatous destruction of the nerve tissue in the
extreme paucity of M. leprae is the characteristic finding. So far it has been
assumed that the cellular infiltration is a result of hypersensitivity to intraneural
bacillary antigens.'>'* Since M. leprae has powerful adjuvant activity,' it has
been suggested that autosensitization to myelin proteins might perpetuate nerve
damage in these patients.'®'*!® To date no work has been done to confirm this.

This paper describes results of studies on the role of cellular responses to
isolated myelin bovine proteins in the pathogenesis of leprosy neuropathy.

Materials and methods

ANTIGENS

Mycobacterium leprae were isolated from a single subcutaneous nodule of an
untreated lepromatous leprosy patient.'> After washing, the bacilli were sus-
pended in 0-1 M NaCl at a concentration of 1 x 107 bacilli/ml before being sonified



Lymphocyte stimulation to myelin proteins in leprosy 219

for 1 hour. The sonicate was centrifuged at 45,000 g for 30 minutes and the
supernatant used for the study.

Myelin proteins, P;, P, and P, were isolated from freshly dissected bovine
sciatic nerves. Nerves were collected in ice-cold isotonic saline containing 800
KIU/ml Aprotonin (Trasylol®; Bayer, Leverkusen, Germany) and cleaned of fat
and connective tissue. They were then minced and homogenized in 0-31 M sucrose
to give a 5% w/v homogenate which was layered on 0-85 M sucrose and
centrifuged at 10°g for 1 hour. Myelin proteins in the interphase were collected
and resuspended in 0-31 M sucrose and again layered on 0-85 M sucrose and
centrifuged to purify them. Myelin proteins were then separated by the method of
Uyemura et al."

LYMPHOCYTE TRANSFORMATION TEST

Lymphocytes were isolated from venous blood using Boyum’s technique.?
Lymphocytes were then resuspended in RPMI-1640 containing penicillin,
streptomycin, glutamine and fortified with 209, normal human serum to a final
concentration of 5x 10° cells/ml. 200 ul aliquots were then pippetted out into
microtitre culture plates and incubated with the antigens in an incubator at 37°C
with a 5% CO,, 100%, humidity atmosphere. Eighteen hours before harvesting
cultures were pulsed with 3H-thymidine. Cells were then harvested and counted in
a liquid scintillation counter.

CLINICAL EXAMINATION

Prior to intake, patients were thoroughly examined and special attention paid to
peripheral nerve enlargement and/or tenderness. The nerves examined in each
patient were ulnar nerve immediately above the elbow, the posterior tibial nerve
between the internal malleolus and the point of the heel, the common peroneal
nerve where it winds round the neck of the fibula and the great auricular nerve.
These were all done by one examiner. All patients were untreated prior to intake.

STATISTICS

Results of radioactivity in cultures without antigen were subtracted from those
with the antigen. The resulting figures were then log;, transformed and statistical
analysis done by the unpaired Student’s ¢-test.

Results

Fifteen normal healthy leprosy contacts and 29 leprosy patients participated in
the study. The normal contacts were either institute or hospital staff and have had
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more than 5 years of direct contact with leprosy patients. None of these, however,
on clinical examination, had any signs or symptoms of leprosy. The leprosy
patients consisted of 14 borderline tuberculoid (BT) and 15 patients with either
borderline lepromatous or lepromatous leprosy. The diagnosis was confirmed by
histological examination of skin biopsies according to the Ridley—Jopling scale.?!
The ages of the patients and controls were matched and ranged from 18 to 40
years.

Myelin proteins were all used on a fixed concentration giving 20 ug protein/ml
of culture and harvested on day 6. This was based on the dose response curves
(Figure 1a) and time response curves (Figure 1b) of normal healthy contacts.
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Figure 1. (a) Dose response curves for in vitro lymphocyte stimulation to bovine peripheral nerve
myelin proteins in healthy individuals (n=15). All cultures harvested at day 6. (b) Time-response
curves for in vitro lymphocyte stimulation to bovine peripheral nerve myelin proteins in healthy
individuals (n=15). All tests done with 20 ug antigen/ml of culture. ®, P,, O, Py, O, P».

Note that the response of the normal lymphocytes to myelin protein, P, is
significantly higher than the rest starting from day 3 when using 20 ug/ml (Figure
1b). The response attained at this time shows only slight increase with prolonged
culture. No newborn cells were used to confirm whether this protein actually is
mitogenic or not. Figure 2 shows that there are no significant differences between
the different study groups in response to individual myelin proteins, whereas
patients with lepromatous type of leprosy had a significantly lower response to
Mycobacterium leprae. The correlations between the major neural findings and
individual responses to the antigens studied are shown in Figure 3. The only
correlation was found to be between in vitro lymphoproliferative response to M.
leprae and the number of enlarged peripheral nerves, so that patients with high
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Figure 2. In vitro lymphocyte stimulation test to various antigens in healthy controls and leprosy
patients. Myelin proteins were used at final concentration of 20 pg/ml of culture while the
Mycobacterium leprae antigen was a sonicate preparation of 1 x 107 bacilli/ml. ML, M. leprae; Py, P,
and P, are bovine peripheral nerve myelin proteins; NHC, normal healthy controls; BT, borderline
tuberculoid leprosy patients; LL, lepromatous leprosy patients.

responses tended to have more enlarged peripheral nerves (r=0-8; t=69;
P <0-001). No correlation exists between in vitro lymphocyte stimulation to
myelin proteins and number of enlarged peripheral nerves. Figure 4 shows that no
correlation exists between in vitro lymphocyte stimulation to M. leprae and
stimulation to the various myelin proteins.

Discussion

Proof had already been produced to show that in susceptible animals, peripheral
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Figure 3. Correlation between lymphocyte stimulation to various antigens and the number of
enlarged peripheral nerves judged by clinical examination in leprosy patients. Each dot represents
an individual patient. (Abbreviations are as in Figure 2.)

neuropathy could be induced via autoimmune mechanisms. Although the exact
role of each component of the immune response has not been clearly delineated,
the consensus of opinion at the moment indicates that the main pathology is
mediated by cellular mechanisms. Histologically this neuropathy is characterized
by florid perivascular lymphocyte and macrophage infiltration with marked
myelin loss. Macrophages can be seen to strip myelin sheaths and destroy them by
extracellular vesiculation. How macrophages do this is not known with certainty,
but release of enzymes is thought to be involved.?>?* A conspicuous feature is that
in this disease intraneural granuloma formation is not seen; perhaps because of
the acute nature of the disease. In borderline tuberculoid and tuberculoid leprosy,
the involved nerves show typical features of well matured epithelioid cell
granulomas. Although perivascular infiltration can be seen in some areas, it is not
a prominent feature except during acute reversal reactions (unpublished
observations). Although the granulomas are thought to be directed towards M.
leprae, in certain sites areas of segmental demyelination can be seen in the absence
of morphologically definable Mycobacterium leprae, the intensity of demyelina-
tion being roughly proportional to the cellular infiltrate.!' In these instances it is
tempting to suggest that an autoimmune cellular reaction is propagating the
nerve damage.'®'¢!® In order to shed light into this problem, however, techniques
to demonstrate M. leprae antigens rather than the whole bacillus will have to be
employed. This is especially important since Bjune et al.'* have indicated that M.
leprae cytoplasmic antigens rather than the whole bacillus may be more
important in the pathogenesis of leprous neuropathy. It must be stated that the
conventional techniques to stain M. leprae do not stain released antigens. By
using an immunologically based technique, we were able to detect mycobacterial
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Figure 4. Correlation between lymphocyte stimulation to Mycobacterium leprae (ML) and

stimulation to various myelin proteins (P, P; and P,) in leprosy patients. Each dot represents an
individual patient. (Abbreviations are as in Figure 2.)

antigens in a number of biopsies which had no morphologically identifiable
acid-fast bacilli.* By applying the technique to peripheral nerve biopsies we have
found similar findings (submitted). These findings thus support the concept that
peripheral nerve damage in leprosy is a result of immunological recognition of
intraneural M. leprae antigens. Furthermore, in the present study a correlation
could only be seen between in vitro lymphoproliferative response to M. leprae and
the number of enlarged peripheral nerves (Figure 4). Repeated delayed type
hypersensitivity reactions to intraneural antigens could explain these findings. It
is unlikely that this correlation was due to the duration of the disease.

Myelin proteins or their fragments are expected to be released and come into
contact with the immune system in a disease where demyelination is frequent. In
leprosy, one would then expect autosensitization to these proteins since M. leprae
has powerful adjuvant activity."> Our data, however, do not indicate this to be the
case. The possibility of lymphocyte trapping at lesional areas can, however, not
be easily ruled out. Indeed a discrepancy between disease severity and in vitro
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lymphoproliferative responses to P, can be seen in animals with experimental
allergic neuritis, and in earlier studies similar observations had been reported in
animals with experimental allergic encephalomyelitis (EAE).2> Absence of the in
vitro correlate of cell-mediated immunity to myelin proteins, therefore, does not
offer absolute or conclusive evidence for lack of involvement of autoimmune
mechanisms in the perpetuation of leprosy neuropathy. Patients with the
Guillain—Barré syndrome have been shown to have cell-mediated immune
response against peripheral nerve extracts?”?® but unexpectedly not to P,*
indicating that an antigen not yet described might be the target of the immune
attack. A similar situation could very well be operating in leprosy neuropathy.
Although determinant(s) for cell-mediated immune responses to myelin proteins
might differ from species to species as has been suggested for the humoral
response to myelin protein, P,,2 it is unlikely that this could be the reason for our
negative findings since both EAE and EAN belong to the group of autoimmune
diseases which are organ specific but species non-specific.

Degeneration of unmyelinated nerve fibres is an essential feature of nerve
damage in leprosy. In EAN demyelination is the characteristic finding but there is
little or no involvement of unmyelinated fibres. Both granulomas and unmye-
linated fibre degeneration have been produced by skin testing rabbits previously
sensitized with human sensory peripheral nerve.’®3!' The skin-test antigen
producing unmyelinated fibre degeneration and granuloma formation resides in
the non-myelin fraction of the sensory nerve and seems to be a component of
Schwann cell membrane.?? It is thus possible that nerve damage in leprosy,
especially the sensory nerve damage, may be due to an autoimmune response to a
non-myelin component in sensory nerves.*?

Although lymphocyte stimulation test cannot strictly be used to assess
immunological relatedness between antigens, it is interesting to note that no
correlation was found between responses to M. leprae and those of myelin
proteins. Indirectly, this would suggest that no cross-reactions, at least as far as
this system is concerned, can be found between M. leprae and myelin proteins.
This implies that an immune response directed against M. leprae could not
damage myelin proteins in the absence of intraneural M. leprae. Indeed this
observation explains the clinical findings of healthy nerves in individuals in
leprosy endemic areas despite their having hypersensitivity to M. leprae. Our data
thus contradicts previous findings which were based on using skin testing and
reporting cross-reactions between mycobacteria and myelin proteins** and
supports those of Stoner et a/.* who found no such cross-reactions.

Myelin protein, P,, stimulated lymphocytes from both leprosy patients and
healthy contacts (Figure 2). This finding is in line with that reported previously.3¢
This would indicate that either there is a low level of sensitization to this antigen®
or that P, is mitogenic.** Our data on studies of the kinetics of this reaction where
a definite response is seen after 3 days of culture would tend to support the latter
(Figure 1b). Further studies on this protein are, however, needed especially in
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view of the fact that this protein causes EAE which is a disease with certain
similarities to multiple sclerosis.

Other mechanisms have been proposed to be involved in the pathogenesis of
leprosy neuropathy. Peri- and intraneural inflammation secondary to intraneural
antigen has been shown to lead to primary demyelination.® In high-resistant
leprosy, hypersensitivity to and intraneural M. leprae co-exist, thus closely
mimicking an experimental animal model.®® Hypersensitivity to these antigens
may thus be responsible for part of the nerve damage.'>* We have recently been
able to produce direct evidence for this mechanism by injecting M. leprae
intraneurally into animals made hypersensitive to M. leprae.® The histology of
the nerve damage seen was strikingly similar to that of human nerves during
reversal reaction.
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