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Host-Parasite Interrelationship Between
M. leprae and Schwann Cells in Vitro

The study of the host-parasite interrela-
tionship between Mycobacterium leprae the
causative agent and the Schwann cell is of
special interest in leprosy since there is sub-
stantial clinical and histopathological evi-
dence to suggest that in the human body the
Schwann cell is the target cell for this my-
cobacterium) There are indications that the
Schwann cell serves not only as the natural
host for the growth and multiplication of
M. leprae but also protects the organism
from the body's immune responses as well
as from drugs. 2 • 3 These observations have
further led to the speculation that the
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Schwann cell resident M. leprae may pos-
sibly be a primary and persistent source of
infection for the continuous leakage of ba-
cilli or bacillary antigen into the circulation,
hence responsible for the state of persistent
infection or relapse seen in some leproma-
tous cases.'• It is vital, therefore, to un-
derstand this host-parasite relationship
directly at the cellular and molecular
level. Studies carried out in our laboratory
over the last 8 years have enabled us to
make important observations in this direc-
tion. 6-14
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Nerve tissue culture models. The nerve
tissue culture model developed by Murray' 5

has been substantially improved by many
tissue culturists. As a result, it is now pos-
sible to obtain cultured Schwann cells as
components of organized nerve cultures or
as pure populations.'6-'8 In our laboratory,
we have developed four culture models
which are illustrated in Figure 1. These cul-
ture models enabled us to study the direct
interaction between Al. leprae and compo-
nents of nerve, particularly the Schwann cell.

Basis for affinity to and invasion by M.
leprae of peripheral nerve. Cells cultured as
in Figure I were infected with Al. leprae and
the effect, both short-term and long-term,
was studied.6' 8 In all these culture systems,
Al. leprae readily parasitized the Schwann
cell. They did not infect the neurons or ax-
ons. Bacilli were present in 70-80% of the
Schwann cells and 20-30% of the neurofi-
broblasts, but not in the axons or neurons
(unpublished observations). In long-term
infected cultures, Al. leprae were found in
95% of the Schwann cells but not in the
axons or neurons (unpublished observa-
tions). A preferential affinity of Al. leprae
for Schwann cells was also evident when the
relative ability of Al. leprae to parasitize
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Schwann cells, skin fibroblasts, and muscle
cells was compared under similar culture
conditions.'' These in vitro observations,
therefore, provide direct evidence of sus-
ceptibility of Schwann cells and resistance
of neurons and axons to direct invasion by

leprae. Hence, these results do not sup-
port the speculation that in the peripheral
nerves M. leprae are initially phagocytosed
by regenerating growth cones of neurons and
disseminated into the axoplasm2".2' but, in-
stead, provide evidence for a second hy-
pothesis, that the Schwann cells are the tar-
get for invasion and dissemination of Al.
lcprae in the peripheral nervous system.","

Subsequent experiments conducted in our
laboratory provided further evidence for the
latter hypothesis, i.e., that the ability of Al.
leprae to adhere to and get ingested by the
Schwann cells, is the major contributory
factor for invasion of the peripheral
nerves.'" '3

Adherence. In both the organized nerve
culture and pure Schwann cell culture
models, Al. leprae readily bind to the sur-
face of cultured Schwann cells but not to
the neuronal cell body or to axons'3 (and
unpublished observations). The adherence
of eight other species of known human
pathogenic mycobacteria closely related to
Al. leprae, such as Al. kansasii, Al. tuber-
culosis, and AI. lepraeinurium, was poor.'"
It was significantly blocked by the treatment
of the host cell surface with lipase, reduced
by glucose, and enhanced by trypsin.13

Phagocytosis. The adherent organisms
were subsequently ingested. It then becomes
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SCHWANN CELLS + NEURON S + NEUROFIBROBLASTS

•• SCHWANN CELLS+ NEURON S

•• SCHWANN CELLS

SCHWANN CELLS + NEUROFIBROBLASTS
( HUMAN )

FIG. 1. Schematic representation of four types of nerve tissue culture models used in our studies. Dorsal
root ganglion explant cultures contain three main cellular components of peripheral nerve—neurons (N), Schwann
cells (S), and neurofibroblasts (F) precursors of perineurial cells' (0). Neurofibroblasts arc selectively killed by
antimitotic drugs, leaving behind a mixture of just Schwann cells and neurons' (• •). A monolayer Schwann cell
culture of 95% purity can be prepared from sciatic nerves'" (• • •). Adult human nerve explant cultures give
rise primarily to Schwann cells and neurofibroblasts" (• • • •).

necessary to examine in detail the mecha-
nism of phagocytosis of Al. leprae by the
Schwann cells. It is important to remember
that the Schwann cell is not a professional
phagocyte, its main function being myelin
synthesis. 24 Therefore, its phagocytic char-
acteristics are quite distinct from that re-
ported for macrophages. 6 • 25 It is slowly
phagocytic, the optimum phagocytosis being
attained only 72 hours after inoculation with
the bacilli. Phagocytosis of the organism is
significantly reduced by heat killing or for-
mal-saline treatment, 6 or drastic purifica-
tion procedures to remove host tissue con-
tamination (unpublished observations). It is
blocked by lipase and enhanced by trypsin

Varon, S. and Manthorpe, M. Schwann cells: an
in vitro perspective. Adv. Cell. Neurobiol. 3 (1982) 35-
95.

" Silvcrstcin, S. C. and Loike, J. D. Phagocytosis.
In: Mononuclear Phagocytes — Functional Aspects. Van
Furth, R., ed. The Hague: Martinus Nijhoff Publishers,
1980, pp. 895-917.

(unpublished observations). It is also sig-
nificantly inhibited by agents that cause
metabolic inhibitions or disruption of cy-
toskeletal elements of the host (unpublished
observations) and is also influenced by the
state of association of the Schwann cell with
axon.° Some of these factors may possibly
have contributed to the reported un-inges-
tion or poor ingestion of M. leprae in the
systems of Fildes'' and Saito, et al. 27 Phago-
cytosis of other mycobacteria by Schwann
cells in our system is poor (unpublished ob-
servations).

Possible involvement of surface receptors
in the adherence-phagocytosis phenome-

" Fildes, C. Organized nerve tissue cultures infected
with Mycobacterium lep•ae and Mycobacterium
lepraentu•ium. Int. J. Lcpr. 42 (1974) 154-161.

" Saito, H., Tomioka, H., Sato, K. and Watanabe,
T. Abilities of human oligodendroglial cells and mouse
Schwann cells to phagocytose Mycobacterium leprae
and other mycobacteria. Infect. Immun. 51 (1986) 157-
162.
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non. It is regarded in general that adherence
of the microorganisms to the host cells is a
prerequisite for tissue invasion. The ability
of a bacterial pathogen to adhere to mam-
malian tissue has been shown to equate with
pathogenicity.28 Such an effect has been ex-
plained on the basis of existence of specific
molecule(s) on the surface of the pathogen
that can recognize a receptor on the host cell
surface.29

There is ample clinical and histopatho-
logical evidence to show that Al. leprae is
unique in its predilection for the peripheral
nerve, especially the Schwann cell." Our
data on adherence and phagocytosis suggest
the involvement of surface molecules for
recognition. The existence of such a specific
receptor for the interaction between Al. lop-
rae and the Schwann cell is worth pursuing.

It is well established in macrophages that
the phagocytosis of mycobacteria, including
Al. leprae, is mediated by the receptors for
the Fc portion of immunoglobulin G31' " as
well as for the C3b portion of comple-
Ment.33' 34 More recently, lectin receptors
have also been implicated.15' 36 There is no

" Gibbons, R. J. Adherence of bacteria to host tis-
sue. In: Microbiology. Schlessinger, D. ed. Washington,
D.C.: Society for Microbiology, 1977, pp. 395-406.
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ceptor interactions mediating the attachment of bac-
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325-342.
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neurohistopathologic observation. Int. J. Lepr. 33 (1965)
634-645.
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phages. In: Mononuclear Phagocytes — Functional As-
pects. Van Furth, R., ed. The Hague: Martinus Nijhoff
Publishers, 1980, pp. 735-751.

12 Bar-Shavit, Z., Raz, A. and Goldman, R. Com-
plement (C3b) and Fe-receptor mediated phagocytosis
by normal and stimulated mouse peritoneal macro-
phages. Eur. J. Immunol. 9 (1979) 385-391.

Bianco, C., Griffin, F. M. Jr. and Silverstein, S. C.
Studies of the macrophage complement receptor. Al-
teration of receptor function upon macrophage acti-
vation. J. Exp. Med. 141 (1975) 1278-1290.

34 Griffin, F. M. Jr., Bianco, C. and Silverstein, S. C.
Characterization of the macrophage receptor for com-
plement and demonstration of its functional indepen-
dence from the receptor for the Fe portion of immu-
noglobulin G. J. Exp. Med. 141 (1975) 1269-1272.

"Sharon, N. Surface carbohydrates and surface lee-
tins are recognition determinants in phagocytosis. Im-
mun. Today 5 (1984) 143-147.

Weir, D. M., Stewart, J. and Glass, E. Phagocyte
recognition by lectin receptors. Immunobiology 161
(1982) 334-344.

experimental demonstration of the exis-
tence of any of these receptors in the mouse
Schwann cell membrane. Preliminary ex-
periments carried out in our laboratory did
not reveal the presence of Fe or C3b recep-
tors in these cells (unpublished observa-
tions). The absence of an Fe receptor in the
cultured rat Schwann cells has also been re-
ported.37 Based on our observations, it can
be speculated that phagocytosis of M. leprae
by the Schwann cell is mediated by the other
receptor(s), possibly lipid in nature, and not
either monosaccharide or a protein residue.
Further experiments directed toward iso-
lation and characterization of receptors on
Schwann cell membrane may lead to a bet-
ter understanding of the molecular basis for
the ability of Al. leprae to invade Schwann
cells.

Host cell modification. Once ingested, Al.
leprae cause prolonged and persistent infec-
tion of the host cells.8 During the course of
long-term infection in vitro, there was no
evidence of significant host cell lysis or re-
lease of bacilli into the extracellular medi-
um. No cytopathic changes in the host cell
were evident in our biochemical and func-
tional studies conducted on organized nerve
cultures maintained 1-6 weeks post-infec-
tion.8 The light and ultrastructural mor-
phology of these cells was also normal. The
incorporation of a general metabolic pre-
cursor was also near normal. The rate of
protein synthesis and the protein profile re-
mained unaltered.' However, once Al. lep-
rae invaded the Schwann cells, they were
rendered incapable of synthesizing DNA or
effectively associating or interacting with
axons!' Studies with human lepromatous
nerve cultures have also revealed that Al.
leprae inhibit migratory and proliferative
activity of the host Schwann cells)'

The properties of attachment, migration,
and proliferation of Schwann cells are im-
portant for their differentiation and acqui-
sition of specialized functions, such as as-
sociation, interaction, and myelination of
the axons.38-4° The alteration in these host

Mirsky, R. Cell-type specific markers in nervous
system cultures. Trends Neurosci. 8 (1980) 190-192.

Martin, J. R. and Webster, H. D. Mitotic Schwann
cells in developing nerve: their changes in shape, fine
structure and axon relationships. Dev. Biol. 32 (1973)
417-431.

Webster, H. D., Martin, R. and O'Connell, M. F.
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FIG. 2. Possible sequence of events following entry of Al. leprae into the Schwann cells that leads to the slow
and progressive nerve damage in the lepromatous spectrum of leprosy. The presence of M. leprae in the cytoplasm
renders the host Schwann cell incapable of synthesizing myelin or responding normally to trauma or any other
conditions requiring regeneration and remyelination of nerve fibers. The axons surrounded by Schwann cells
harboring Af. leprae arc, therefore, vulnerable to repeated trauma and damage. Al. leprae, on the other hand,
finds the host intracellular milieu favorable for its survival and growth. It multiplies. The bacilli grown within
the Schwann cells are then either released into the extracellular milieu and transported to the other parts of the
body through the blood stream, or they may infect the neighboring Schwann cells and repeat the entire cycle.

cell functions was a direct inhibitory effect
of the intracellular organism. There was no
evidence of this effect being mediated
through the release of any soluble product
or toxic factor. 8 ' " Unparasitized Schwann
cells in the same culture had normal light
and ultrastructural morphology, and good
migratory and proliferative activities. The
infected cultures were rich in healthy axons
and neurons (unpublished observations).

Our studies, therefore, experimentally
demonstrate the nontoxic effect of M. leprae
on the peripheral nerves, and suggest that

The relationships between interphase Schwann cells
and axons before myelination: a quantitative electron
microscopic study. Dev. Biol. 32 (1973) 401-416.

'° Aguayo, A. J., Kasarjian, J., Skamene, E., Kong-
shavn, P. and Bray, G. M. Myclination of mouse axons
by Schwann cells transplanted from normal and ab-
normal human nerves. Nature 268 (1977) 753-755.

the infected cells are unable to participate
in the regenerative activity of the nerves but
continue to survive for a prolonged period
of time. This phenomenon may, however,
initiate slow but progressive nerve damage
and also contribute to the spread of bacilli
within the nerve as well as in the systemic
circulation. The possible sequence of events
is schematically presented in Figure 2. These
effects can, to an extent, be reversed by pro-
longed chemotherapy." Similar observa-
tions have also been made in histopatho-
logical studies of lepromatous nerves where
poor proliferation as well as poor axon as-
sociation were observed."

The mechanism(s) by which M. leprae

4 Job, C. K. and Verghese, R. Schwann cell changes
in lepromatous leprosy: an electron microscopic study.
Indian J. Med. Res. 63 (1975) 897-901.



54,4^ Editorial^ 637

alter the functional status of the parasitized
host cell is not clear. Physical occupation of
the host cytoplasm by these organisms may
alter the content as well as the organization
of the cytoskeletal element that controls the
proliferative as well as the migratory activ-
ity of the cell in genera1.42' 43

Intracellular growth. The lack of direct
detrimental effects of and induction of al-
teration in only the specialized functions of
the host cell by Al. leprae provide some clue
to the sequence of events which occur dur-
ing the process of appropriation of periph-
eral nerves. The semblance of symbiosis be-
tween M. leprae and cultured nerve cells
observed in the early infected cultures may
be of ultimate advantage to the pathogen.

There was evidence for the synthesis of
capsule and cell wall by M. leprae using
monoclonal antibody to phenolic glyco-
lipid-I (PGL-I) in an indirect immunoflu-
orescence assay.8 This was followed by sig-
nificant multiplication of the organism
within the Schwann cell component of the
cultures. The active replication of the acid-
fast bacilli was evinced by its ability to in-
corporate radiolabeled thymidine as well as
bacteriological counts.8 Thus, our study
demonstrates that the organized nerve cul-
ture in which the Schwann cells are physi-
ologically analogous to their in vivo coun-
terparts serves as host for the in vitro survival
and growth of Al. leprae.

Mycobacteria cultivated within Schwann
cells exhibited several properties distinct
from those of other leprosy-derived myco-
bacteria cultured directly in the medium.
Their growth was strictly intracellular, and
was not observed in conventional bacteri-
ological media. They induced inhibition of
host cell proliferation, a feature reported to
be specific for Al. leprae.7 Growth was in-
hibited by the antileprosy drugs dapsone
(DDS) and rifampin. Besides these char-
acteristics, these organisms exhibited the
capacity to produce PGL-I (a component of
its capsule) commonly used as a taxonomic

" Stephens, R. E. and Edds, K. T. Microtubules:
structure chemistry and function. Phys. Rev. 56 (1976)
709-777.

4' Allison, A. C., Davies, P. and de Petris, S. The
role of contractile microfilaments in movement and
endocytosis. Nature (New Biology) 232 (1971) 153—
154.

marker for M. leprae.44 Therefore, these or-
ganisms have been designated as "Schwann-
cell-derived PGL+ AFB."

Other studies conducted in the Schwan-
noma cell line (33B) demonstrated that in-
tracellular Al. leprae readily synthesized lip-
ids. Within 3 weeks of incubation in vitro,
substantial incorporation of '4C-acetate was
evident in all of the lipid components,9 the
most remarkable being incorporation into
the PGL-I fraction. The time kinetics of the
incorporation and its correlation with ba-
cillary numbers indicated active synthesis
of this molecule by Al. leprae. PGL-I is
speculated to be resistant to the action of
host bactericidal activity. 44' 45 However, its
sensitivity to antileprosy drugs indicates that
chemotherapy should curb the synthesis and,
hence, the deposition of this molecule with-
in the Schwann cells. Whether the lipid syn-
thesis observed in these cells is related to
the availability of the precursors or inter-
mediate metabolites of host lipid metabo-
lism remains to be established. Schwann
cells have the capacity to synthesize in vitro
bulk quantities of myelin components and
other lipids that could be utilized by the
bacillus.' 7' 46.47

Relationship to host immune response.
The mechanism(s) by which Schwann-cell-
resident Al. leprae evade the host micro-
bicidal action and immune surveillance is
not clear. It may use conventional methods,
such as avoiding the potentially harmful ac-
tion of lysosomal hydrolases or subverting
the lethal effect of the oxidative burst, or
some other, yet unknown mechanism(s).
There is as yet no study available relating
to the oxidative metabolism of the Schwann
cell. New insight would require detailed bio-
chemical investigations into its interaction

• Hunter, S. W. and Brennan, P. J. A novel phenolic
glycolipid from Mycobacteriunz leprae possibly in-
volved in immunogenicity and pathogenicity. J. Bac-
teriol. 147 (1981) 728-735.

Brennan, P. J. The phthiocerol-containing surface
lipids of Mycobacterium leprae —a perspective of past
and present work. Int. J. Lepr. 51 (1983) 387-396.

• Fryxell, K. J. Synthesis of sulfatide by cultured rat
Schvann cells. J. Neurochem. 35 (1980) 1461-1464.

• White, F. V., Ceccarini, C., Georgieff, I., Matthieu,
J. M. and Constantino-Ceccarini, E. Growth properties
and biochemical characterisation of mouse Schwann
cells cultured in vitro. Exp. Cell Res. 148 (1983) 183—
194.
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t cells as well as the analysis of its antigenic constitution.
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