INTERNATIONAL JOURNAL OF LEPROSY

^

Volume 51, Number I
Printed in the U.S.A.

Immune Responses to Bovine Neural Antigens in
Leprosy Patients. I. Absence of Antibodies
to an Isolated Myelin Protein'
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Leprosy is the most common cause of
peripheral neuropathy in the world ( 8 ). The
pathogenesis of this neuropathy is still poorly understood, making a rational approach
to its management difficult. Mycobacterium
leprae, the causative organism, seems to
have a special predilection for peripheral
nerves and especially so for the Schwann
cells of unmyelinated fibers ( 7 . 29 . 3 "). The
reasons for this are not clear. Since Al. leprae is remarkably non-toxic ( 16 ), it is thought
that most of the tissue damage, including
neural damage, seen in leprosy patients is
due to the hosts' immune responses to M.
leprae antigens ( 3 . 15 . ' 6 ' 26
Ultrastructural studies of early leprosy
neuropathy have shown that there are obvious and significant changes, including
Schwann cell proliferation, thickening of
perineurial basement membranes, endothelial cell proliferation, and segmental demyelination 7, 2 " , 30 ). These alterations
have been observed to occur in the absence
of morphologically demonstrable M. leprae
or infiltrating inflammatory cells, raising the
possibility of either autoimmune humoral
factors or biologically active substances, e.g.,
enzymes, secreted by cells at a distance and
affecting nerves. Since demyelination is
prominent in leprosy neuropathy, at least
).
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in early stages, one would expect such factors to be directed towards or to affect myelin components. Autoantibodies can frequently be detected in lepromatous leprosy
(LL) patients although they do not seem to
have any pathogenic significance ( 24 ). Wright,
Hirst and Waters ( 35 ), using an immunofluorescent technique, were able to demonstrate anti-axonal antibodies in lepromatous leprosy patients and a few healthy
control subjects composed of individuals
from both leprosy endemic and non-endemic areas. This antibody was also found
in patients with Guillain-Barré syndrome.
The anti-axonal antibodies were not absorbed by BCG, indicating that the antibodies were not due to crossreactions between axons and mycobacterial antigens. In
view of these findings, it was concluded that
the presence of the antibody was not directly
related to nerve damage but was rather an
epiphenomenon following nerve injury. In
no sera were they able to demonstrate antimyelin antibodies.
Recently, refined radioimmunoassay
(RIA) has been introduced to detect antibodies to P,, the neuritogenic protein in peripheral nerve myelin, in animals with experimental allergic neuritis ( 21 . 28 ). We have
used this technique to detect antibodies to
bovine peripheral nerve myelin basic protein, P 2 , in patients with leprosy neuropathy. Both human and bovine P,, when injected into susceptible animals, induce
experimental allergic neuritis. This, together with the fact that these proteins show
immunological crossreactivity as well being
very similar biochemically, was the basis for
using the easily available bovine material.
MATERIALS AND METHODS
Bovine sciatic nerve myelin basic proteins. Freshly dissected bovine sciatic nerves

were collected in ice-cold isotonic saline
33
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containing a protease inhibitor, Trasylol ,
at a concentration of 800 KIU/ml (TrasyloY, Bayer, Lever-Kusen, Germany) and
cleaned of fat. Myelin basic proteins were
then isolated according to the method of
Uyemura, et al. ( 11 ). After separation, the
proteins were stored at —70°C until used.
The presence of P, was confirmed by double
diffusion in gel using rabbit anti-P,. Injection of this protein emulsified with Freund's
complete adjuvant led to experimental allergic neuritis, clinically and histologically.
Human and animal sera. Sera were obtained from patients attending the All Africa Leprosy Rehabilitation and Training
Centre (ALERT), Addis Ababa, Ethiopia.
Leprosy was diagnosed clinically, and
whenever possible a skin biopsy was taken
for confirmation and classification of the
disease. Each patient had at least one enlarged peripheral nerve, and signs and
symptoms of acute neuritis (painful nerves)
were particularly looked for. Functional
nerve deficit was judged by the cotton wool
and pinprick tests (for sensory loss) and voluntary muscle testing for motor functions.
Control subjects were of two groups. One
was composed of clinically normal individuals working at ALERT or at the Armauer
Hansen Research Institute (AHRI). These
individuals had had several years of direct
contact with leprosy patients. The other
group was composed of healthy individuals
working at Guys' Hospital, London. These
individuals had had no known contact with
leprosy.
Rabbit anti-bovine myeline protein P, was
prepared by repeated subcutaneous injections of P, in Freund's incomplete adjuvant.
Immunoglobulins were isolated according
to the method of Harboe and Ingild ( 17 ).
Radioimmunoassay (RIA). The protein
concentration of the P, was determined according to Lowry, et al. ( 24 ). RIA was carried
out as described previously ( 2 '). Briefly, 50
serum was incubated overnight at 4°C
with approximately 2 ng ' 25 lodine labelled
P, making a 500 pi total volume. P, was
radioiodinated with ' 25 1 according to the
method of Sarvas, et al. ( 28 ). Reacted complexes were isolated by the addition of 10%
polyethylene glycol (PEG) and centrifugation. The radioactivity in the precipitates
was then read in a radiocounter. The serum
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dilution used for the radioimmunoassay was
1:10 in phosphate buffered saline. Only 44
serum samples including the European controls were done at the Guys' Hospital, London. The remaining radioimmunoassays
were done at AHRI using exactly the same
technique and read using an LKB, 1216
Rackbeta 11 Counter (LKB, Finland). Absorption of sera with BCG was done as described previously ( 18 ).
Statistical analysis. Student's t test was
used for statistical analysis.
RESULTS

Seventy-three sera were analyzed for antibovine P, activity in vitro; 23 of these were
from patients classified as having borderline
tuberculoid (BT) leprosy, 22 as having either
borderline lepromatous (BL) or lepromatous leprosy (LL). Eleven sera were from
patients showing evidence of reversal reaction with tender nerves. The remaining
17 sera were from clinically normal individuals— 10 being from a randomly selected
European population; the other 7 were from
individuals who had had several years of
direct contact with leprosy patients.
Rabbits immunized with P, developed a
good anti-P, antibody response (Fig. 1). The
antibody titer reached a peak at three weeks
after immunization. This serum was then
used as a known positive control for all human serum studies.
The anti-P, antibody activity and its distribution in leprosy patients and healthy
controls is seen in Figure 2. It can be seen
that most patients, irrespective of the disease classification, had anti-P, activity within two standard deviations of the normal
controls. It was found that the Ethiopian
controls had a slightly higher activity than
the European controls who had had no
known exposure to leprosy. The difference,
however, is not statistically significant. There
were no correlations between the number
of enlarged peripheral nerves, duration of
disease, degree of nerve function deficit, or
presence of acute neuritis and the anti-P,
titer.
Immunoglobulin concentrations, determined by single radial immunodiffusion,
were found to be high both in leprosy patients and in normal Ethiopian controls. The
controls from Ethiopia had slightly higher
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FIG. 1. Anti-bovine myelin protein, P,, in a rabbit immunized with 1 3 2 ( • ) and a normal rabbit ( 0 ). The
assay was done with a serum dilution of 1:10.

values than those expected from healthy European subjects (The Table).
By absorbing leprosy sera with BCG sonicate we were not able to show a reduction
in anti-P, activity, indicating that the antiP, activity we detected was not due to crossreacting determinants between mycobacteria and P,.

DISCUSSION
The role of antibodies in the pathogenesis
of peripheral neuropathy is not well understood. These antibodies could be involved
in antibody dependent, cell-mediated demyelination ( 32 ) or cause demyelination by
a complement dependent mechanism. Unactivated macrophages by themselves lead

THE TABLE. Concentrations of different immunoglobulins in healthy controls and leprosy patients from Ethiopia.
Group (N)

IgA (g/1)

IgG (g/1)

IgM (WO

Healthy controls (7)

1.6 ± 0.8'

16.5 ± 3.8

1.2 ± 0.5

Leprosy patientsb
BT (23)
BL/LL (22)
BT/RR (11)

1.7 ± 0.6
1.9 ± 0.7
1.8 ± 0.9

16.8 ± 4.5
17.0 ± 3.5
17.6 ± 3.8

1.3 ± 0.4
1.6 ± 0.6
1.3 ± 0.2

Concentrations given as mean ±2 S.D.
BT = borderline tuberculoid, BL/LL = borderline lepromatous or lepromatous leprosy, BT/RR = borderline
tuberculoid complicated with reversal reaction.
b
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FIG. 2. Anti-bovine myelin protein, P 2 , in healthy controls and patients with leprosy. The assay was done
at a serum dilution of 1:10. Broken horizontal lines indicate the mean of each group, while the solid lines show
±2 S.D. of the normal values. NHC = Normal healthy control, BT = borderline tuberculoid leprosy. BL/LL =
borderline lepromatous or lepromatous leprosy, and BT/RR = borderline tuberculoid with reversal reaction.

to very little demyelination but, in the presence of even small amounts of antibody,
areas of primary focal demyelination are
easily produced ( 32 ). Furthermore, antibody
dependent lymphocyte cytotoxicity against
myelin proteins has been thought to be involved in the pathogenesis of central nervous system neuropathies ( 13 . ' 4 ). In the peripheral neuropathies the situation is less
clear. Recently, however, Saida, et al. have
been able to produce demyelination by intraneural injections of experimental allergic
neuritis serum ( 27 ).
A blood-nerve barrier is present in healthy
nerves ( 6 ). Both in experimental and human
leprosy, however, a breach of this barrier
has been reported ( 4 . 5 ). In such a situation
then, a high titer ofanti-P, antibodies might,
perhaps, contribute to the pathogenesis of
neuropathy either directly or in collaboration with cells. The finding that early nerve

damage in leprosy is not associated with the
presence of .11. leprae or inflammatory cells
in situ would tend to support the former,
while in established disease the later might
be important even when Al. leprae or its
antigens are no longer detectable. Activated
macrophages are capable of releasing factors
that can lead to peripheral nerve damage.
Phagocytosis of materials which are not easily digestible is known to stimulate activation of macrophages. These cells even at a
distance from a nerve, therefore, when stimulated by injesting Al. leprae, could release
factors that would induce damage without
their infiltrating the nerve per se. This could,
perhaps, explain the early nerve changes,
e.g., demyelination, without either ,I/. leprae or inflammatory cells in situ. In established neuropathy, however, it is evident
that more nerve damage is seen in association with inflammatory cells. Antibodies
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could be involved at this stage in collabo- patients where P, binding activity was presration with lymphocytes or macrophages ent in the serum, there was no correlation
(13,
between the antibody titer and any clinical
14,32 ) or the cells could produce damage
parameter. The possibility that anti-human
alone ( 34 ).
Our results do not show any significant myelin basic protein P, can be found in huelevations of antibodies to bovine P, myelin man beings with leprosy cannot be ruled out
protein in leprosy patients. Bovine P, and by our study since we used a bovine protein.
human P„ show both biochemical and im- It is quite possible that the determinant(s)
munological similarities. The anti-bovine for antibody responses to P, molecule may
P, antibodies detected in a few cases were be recognized differently by different species
of very low titers, the activity being detected ( 28 ). From experimental animals, however,
at a dilution of 1:10. This, therefore, means the titer of anti-P, has not been shown to
that our data has to be viewed with caution. correlate with the clinical or histological
It is quite possible that the "antibody" ac- changes in experimental allergic neuritis. It
tivity we detected was actually due to non- is also possible that the system we used,
specific binding of proteins to P,. Myelin namely detecting anti-P, antibodies, might
proteins have been shown to bind quite non- not be relevant in studying peripheral neuspecifically to many serum proteins, glass ropathies. Search for antibodies to other peand plastic tubes (2, 22, 25 ).j In this regard it ripheral nerve components might prove
should be noted that high levels of immu- more useful. In this regard it is to be noted
noglobulins are commonly found in the sera that the susceptibility of the various myelin
of lepromatous patients. The slightly in- proteins to plasminogen-dependent neutral
creased activity in the BT patients with re- proteinases varies from one to the other ( 9 ).
versal reaction could be on a similar basis,
From our observations, circulating antisince an increase in non-specific immuno- P, antibodies probably are not involved in
globulins has been reported to occur during leprosy neuropathy. However, the role of
reversal reaction (').
locally secreted antibodies by lymphocytes
The controls from Ethiopia had higher remains unknown in leprosy neuropathy.
anti-P, activities than those from London. These antibodies could lead to a localized
This could be due to higher immunoglob- nerve damage.
ulin concentrations in the sera of the former
Although the basis of nerve damage seen
group which, in turn, could be due to many in leprosy is thought to be the hosts' own
causes, especially repeated infections. That immunological response, the exact mechaanti-mycobacteria antibodies are not re- nisms are not fully understood. A clear unsponsible for this activity was shown by ab- derstanding of the mechanisms could lead
sorption experiments where no reduction of to possibilities of minimizing or controlling
anti-bovine P, antibody activity was seen the nerve damage seen in leprosy.
after absorption of the sera with BCG sonRecent results indicate that there may be
differences in the mechanisms involved the
icate.
Edgington and Delissio ( 12 ) were able to pathogenesis of pure leprous sensory neushow antibodies to myelin in 88% of normal ropathy and mixed or motor neuropathy
individuals, although again the titers were ( 1 ". 1 . ' 9 ). Both are, however, thought to be
low. They ascribed this finding to the nor- due to cell-mediated immune responses. In
mal process of growth. Recently Hughes, et pure sensory neuropathy, where the bacilli
al. ( 20 ) found lymphocyte transformation to are extremely few and difficult to find,
myelin basic protein in normal individuals Crawford, et al. have proposed that auand thought that this protein might also be toimmunity to non-myelin components of
sensory nerves might be the underlying
mitogenic.
M. leprae has strong adjuvant activity ( 31 ). mechanism ( 10 . "). In the mixed or motor
In leprosy, therefore, where there is a prom- type of neuropathy, cell-mediated responses
inent nerve involvement one would expect to Al. leprae antigens ( 3 . 15 ) may be involved
autoimmune reactions to peripheral nerve just as is seen in experimental animals ( 34 ).
components to be generated. We have been Further studies on the interaction between
unable to find antibodies to bovine myelin neural antigens and M. leprae antigens, and
basic protein, P,, in most patients. In those the hosts' immune responses in the patho-
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genesis of leprous neuropathy are underway.

and their role in the pathogenesis of leprosy
neuropathy studied.

SUMMARY
Recent electron microscopic demonstration that peripheral nerve demyelination can
occur in leprosy patients even in the absence
of both morphologically definable Mycobacterium leprae or inflammatory cells suggested that recognizable M. leprae or locally
infiltrating cells need not be present to initiate leprosy neuropathy. The continued
presence of M. leprae antigens or autoimmune humoral factors may thus be important.
We used bovine myelin protein P, to detect antibodies to this myelin protein in leprosy patients due to the scarcity of the human equivalent. Furthermore, both proteins
show immunological crossreactivity. Sera
from some of the patients were divided into
two parts. One part was sent to Guys' Hospital, London, and the remaining portion
studied at AHRI, Addis Ababa. For detecting anti-bovine P 2 antibodies, the sera
were diluted 1:10, reacted with ' 25 1-labelled
bovine P,, the complexes precipitated by
polyethylene glycol, and the radioactivity
counted. Results from both laboratories
were very similar. Seven out of 56 leprosy
patients had anti-P, antibodies which were
above two standard deviations from the
normal control group. The increased antiP2 antibodies bore no correlation with any
clinical parameter in terms of disease duration, number of enlarged or tender nerves,
or severity of motor or sensory neural function loss. This activity is probably due to
high immunoglobulin concentration in these
patients and particularly so in the lepromatous group. Increased immunoglobulin
levels could also explain the slight increase
in anti-P, activity in Ethiopian (mean activity 5.11%) when compared to European
controls (mean activity 4.85%). There were
no significant differences in the mean values
of anti-P 2 antibody activities of any of the
groups studied.
It is surprising that in leprosy, a disease
characterized by prominent nerve damage
and the presence of mycobacteria which are
strong adjuvants, no antibodies to a peripheral nerve myelin protein, P 2 , were seen.
Antibodies to other peripheral nerve components, however, should be searched for

RESUMEN
La reciente demostraci6n por microscopia electrOnica de que la desmielinizaciOn de nervios perifericos
puede ocurrir en los pacientes con lepra aim en ausencia
aparente de Mycobacterium leprae y/o de celulas inflamatorias, sugiere que estos elementos no necesitan
estar presentes para iniciar Ia neuropatia leprosa. La
continua presencia de los antigenos del M. leprae o de
factores humorales autoinmunes puede ser una causa
importante del dano neural.
En este estudio, debido a la carencia de material de
origen humano, se use la proteina P 2 de la mielina
bovina para buscar la presencia de anticuerpos contra
esta proteina de la mielina en los pacientes con lepra.
Ambas proteinas, la humana y la bovina, presentan
reactividad cruzada. Los sueros de algunos de los pacientes se dividieron en dos partes; una parte se mandO
al Guys' Hospital, en Londres, y la otra parte se estudi6
en el AHRI de Addis Ababa. Para la detecci6n de
anticuerpos anti P 2 -bovina, los sueros se diluyeron
1:10, se hicieron reaccionar con P 2 -bovina marcada
con 1 125 , los complejos se precipitaron con polietilên
glicol y en el precipitado se midi6 Ia radioactividad.
Los resultados de ambos laboratorios fueron muy similares. Siete de 56 pacientes con lepra tuvieron anticuerpos anti-P 2 a niveles que estuvieron por arriba de
2 desviaciones estandar de la media encontrada en el
grupo control. Sin embargo, los valores incrementados
de anticuerpos anti-P 2 no tuvieron correlaciOn alguna
con parametros tales como duraciOn de la enfermedad,
niimero de nervios agrandados o infartados, o severidad de la perdida de la funciOn motora o sensitiva.
Probablemente la elevada reactividad serica se debe a
la alta concentration de inmunoglobulinas en estos pacientes y particularmente en el grupo lepromatoso. Los
niveles incrementados de immunoglobulinas tambien
podrian explicar el ligero incremento en la actividad
anti-P 2 en etiopes (actividad media 5.11%) cuando se
comparan con controles europeos (actividad media
4.85%). No hubieron diferencias significativas en los
valores medios de las actividades de anticuerpo antiP2 entre los diferentes grupos estudiados.
Es sorprendente que en Ia lepra, una enfermedad
caracterizada por un prominente clan() a nervios y por
la presencia de micobacterias que son potentes adyuvantes, no se encuentren anticuerpos contra una proteina de la mielina de los nervios perifericos, P 2 . Es
necesario, sin embargo, investigar la presencia de anticuerpos contra otros componentes de los nervios perifericos y estudiar su papel en la patogênesis de la
neuropatia leprosa.
RESUME
Des etudes recentes au microscope electronique ont
montrê que la demyelinisation des nerfs peripheriques
peut survenir chez des malades atteints de lepre, meme
en ('absence de Mycobacterium leprae identifiables
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morphologiquement, ou de cellules inflammatoires, ceci
suggere qu'il n'est pas necessaire que M. leprae, sous
une forme reconnaissable, ou que des cellules d'infil-
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