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several studies (*°) show that specifically
mobilized circulating macrophages perform
this function.

Until such time as the details of Schwann
cell-M. leprae interaction in vivo are eluci-
dated, it might be prudent to apply the term
“ingress” of bacilli rather than “phagocy-
tosis.”

What do the experts think?

—Dr. S. S. Pandya

Research Officer

Acworth Leprosy Hospital
Society for Research,
Rehabilitation & Education
in Leprosy

Acworth Leprosy Hospital

Wadalla, Bombay 400031, India
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Drs. Band and Talwar Reply

To THE EDITOR:

We thank Dr. Pandya for his comments
on our work. May we offer some justifica-
tion for the use of the term ““phagocytosis”
for the entry of mycobacteria into Schwann
cells.

Several workers in the past have studied
the behavior of the Schwann cell toward
particulate matter of different kinds in vivo
as well as in vitro. These studies have dem-
onstrated that morphologically identifiable
Schwann cells in vivo are capable of tak-
ing up particles such as myelin debris
(1 7-9-11.20-22) " carbon particles ('>!7), and
mycobacteria (¥)). A similar behavior of
Schwann cells in vitro toward myelin debris
(??), latex particles (*), and mycobacteria
(3 13- 14.16.18) has been known for a long time.
Moreover, a similar, though more avid, up-
take of nonmycobacterial particles such as
carbon particles ('?) and latex particles (%),
as well as that of mycobacteria (> '>'3), has
been observed with Schwannoma cells in
vitro. Nearly all of the workers have used
the term “phagocytosis” to describe such

phenomena. It is difficult to envision that a
mechanism other than phagocytosis ac-
counts for the uptake of inert particles, such
as that of carbon and latex. It is, thus, clear
that Schwann cells are endowed with phag-
ocytic capabilities. We, therefore, used the
term “‘phagocytosis” for the uptake of my-
cobacteria by Schwann cells in recognition
of their phagocytic nature, and to conform
with common usage. An added reason for
the use of this term was the relative lack of
discrimination between different mycobac-
teria by Schwann cells (> '¥) and the inhi-
bition of this interaction by inhibitors of
macrophage phagocytosis (> !°). As used in
our work, the term was an operational one
and did not imply any passive role of the
mycobacteria during their entry into
Schwann cells.

The use of the term ““phagocytosis™ should
not by itself prevent investigators from de-
fining the role of mycobacteria in the pro-
cess of their entry into Schwann cells. Al-
though we observed several parallels
between the uptake of latex and mycobac-
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teria by Schwann cells (**), we have also
observed marked differences between the
two (°). In fact, our recent work (°) has shown
that certain components of the mycobac-
terial surface may be important in their in-
teraction with the Schwann cell surface.
Treatment of mycobacteria with antimy-
cobacterial antibodies inhibited their up-
take by Schwann cells in vitro. However, in
the absence of any direct evidence to suggest
that mycobacteria, especially Mycobacte-
rium leprae, actively invade Schwann cells,
it seems reasonable to continue to use the
term ““‘phagocytosis’ (which is rather widely
used by investigators in the field) to describe
their uptake by these cells. Coining new
terms like “ingress’ to describe the myco-
bacteria-Schwann cell interaction may only
serve to complicate the nomenclature. In
addition, this term may indirectly imply an
invasive nature of M. leprae for Schwann
cells which has not been documented so far.

—Hamid Band, M.D., Ph.D.

Instructor in Pathology
Harvard Medical School
and
Division of Tumor Virology
Dana-Farber Cancer Institute
44 Binney Street
Boston, Massachusetts 02115, U.S.A.

—G. P. Talwar, D.Sc., F.1.C.A.,
F.A.Sc., F.N.A.

Director
National Institute of Immunology
New Delhi, India

REFERENCES

1. AsBURY, A. K. and JounsoN, P. C. Pathology of
peripheral nerve. In: Major Problems in Pathol-
ogy. Bennington, J. L., ed. Philadelphia: W. B.
Saunders Company, 1978, pp. 1-42.

2. BAND, A. H., BHATTACHARYA, A. and TALWAR, G.
P. Lack of Mycobacterium leprae-specific uptake
in Schwann cells. Int. J. Lepr. 54 (1986) 71-78.

3. BanD, A. H., CHITAMBAR, S. D., BHATTACHARYA,
A.and TALWAR, G. P. Mechanism of phagocytosis
of mycobacteria in Schwann cells and their com-
parison with macrophages. Int. J. Lepr. 54 (1986)
294-299.

4. BAND, H., BHATTACHARYA, A. and TALWAR, G. P.
Mechanism of phagocytosis by Schwann cells. J.
Neurol. Sci. 75 (1986) 113-119.

5. BAND, H., SINHA, S. and TALWAR, G. P. Inhibition
of the interaction of mycobacteria with Schwann

International Journal of Leprosy

6.

9;

1.

13.

17.

1987

cells by antimycobacterial antibodies. J. Neuroim-
munol. 14 (1987) 235-239.

BAND, H. and TALWAR, G. P. Effect of macrophage
activators on the phagocytosis of mycobacteria by
Schwann cells. J. Neuroimmunol. 13 (1986) 109-
113.

. BrADLEY, W. G. and WALTON, J. N. Basic discase

processes in the peripheral nerve. In: Disorders of
Peripheral Nerve. Oxford: Blackwell Scientific
Publications, 1974, pp. 129-147.

. DasTuR, D. K. Leprosy. In: Handbook of Clinical

Neurology, Vol. 33, Part 1. Vinken, P. J. and Bruyn,
G. W., eds. Amsterdam: North-Holland Publish-
ing Co., 1978, pp. 421-468.

Dyck, P. J., KARNES, J., LAls, A., LOFGREN, E. P.
and STEVEN, J. C. Pathologic alteration of the pe-
ripheral nervous system of humans. In: Peripheral
Neuropathy. Dyck, P. J., Thomas, P. K., Lambert,
E. H. and Bunge, R., eds. Philadelphia: W. B.
Saunders Company, 1984, pp. 760-870.

. GutH, L. Regeneration of the mammalian pe-

ripheral nervous system. Physiol. Rev. 36 (1956)
441-478.

JonEs, E. J. and CowaAN, W. M.The nervous tissue.
In: The Structural Basis of Neurobiology. Jones,
E. J., ed. New York: Elsevier Science Publishing
Co., Inc., 1983, pp. 282-370.

. LauiTHA, K. S., BapraT, C. V. and DASTUR, D.

Culture and phagocytic characteristics of Schwann
cells in vitro—a possible model substrate for the
cultivation of Mycobacteirum leprae. Int. J. Lepr.
45 (1977) 266-272.

LumspeN, C. E. Leprosy and the Schwann cells in
vivo and in vitro. In: Leprosy in Theory and Prac-
tice. 2nd ed. Cochrane, R. G. and Davey, T. F.,
eds. Baltimore: Williams and Wilkins, 1964, pp.
221-250.

. MUKHERJEE, R., MAHADEVAN, P. R. and ANTIA,

N. H. Organized nerve culture. I. A technique to
study the effect of M. leprae infection. Int. J. Lepr.
48 (1980) 183-188.

. PALMER, E., REEgs, R. J. W. and WEDDEL, G. Ex-

perimental studies in nerve fibers in leprosy. I. The
reaction of rat Schwann cells toward carbon par-
ticles, M. lepraemurium, and M. leprae. Int. J.
Lepr. 33 (1965) 137-159.

. RaNADIVE, K. J. Experimental studies on human

leprosy. In: Pathogenesis of Leprosy. Ciba Foun-
dation Study Group No. 15. Wolstenholme, G. E.
W. and O’Connor, M., eds. London: J. and A.
Churchill, 1963, pp. 61-79.

REES, R. J. W., WEDDEL, A. G. M., PALMER, E.
and JamisoN, D. G. Experimental studies on nerve
fibers in leprosy. II. The reaction of human
Schwann cells towards carbon particles and lep-
rosy bacilli. Int. J. Lepr. 33 (1965) 160-178.

. Sarto, H., ToMIOKA, H., SATO, K. and WATANABE,

T. Abilities of human oligodendroglial cells and
mouse Schwann cells to phagocytose Mycobacte-



55,3

rium leprae and other mycobacteria. Infect. Im-
mun. 51 (1986) 157-162.

19. Sarto, H., ToMiOKA, H., WATANABE, T. and SATO,
K. Mechanism of phagocytosis of Mycobacterium
leprae and other mycobacteria by human oligo-
dendroglial cells. Infect. Immun. 51 (1986) 163-
167.

20. SPENCER, P. S. and THomas, P. K. Ultrastructural
studies of the dying-back process. II. The seques-
tration and removal by Schwann cells and oligo-
dendrocytes of organelles from normal and dis-
cased axons. J. Neurocytol. 3 (1974) 763-783.

Correspondence

565

21. Tuomas, P. K. Nerve injury. In: Essays on the
Structure and Function of the Nervous System. Bel-
lairs, R. and Gray, E. G., eds. Oxford: Clarendon
Press, 1974, pp. 44-70.

. UricH, H. Diseases of peripheral nerves. In:
Greenfield’s Neuropathology. Blackwood, W. and
Corsellis, J. A. N., eds. Chicago: Year Bk. Medical
Pubs. Inc., 1976, pp. 688-770.

23. WEIss, P. and WANG, H. Transformation of adult

Schwann cells into macrophages. Proc. Soc. Exp.
Biol. Med. 58 (1945) 273-275.

[$9]
(]

Microbe Dependence of Mycobacterium leprae:
A Possible Intracellular Relationship with Protozoa

To THE EDITOR:

Kato has postulated that Mycobacterium
leprae may be dependent on concomitant
microbes for its growth (>*). We offer an
extension of this hypothesis by postulating
that the original host of this mycobacterium
may have been an amoeba or other free-
living protozoan. The human (and arma-
dillo) macrophages, which have certain fea-
tures in common with amoebae, may thus
be alternative host cells. This possibility was
raised by one of us (TR) who was intrigued
by the paradox that Legionella pneumophila
has very fastidious growth requirements yet
lives in water. Investigations showed that
this bacterium survived and multiplied
within amoebae (7). Of particular relevance
is the fact that L. pneumophila replicates
within human macrophages, and parallels
have been drawn between infection by this
pathogen in immunocompromised patients
and lepromatous leprosy (!). Further, the
more fastidious Legionella micdadei (Pitts-
burgh pneumonia agent) can in tissue be as
acid-fast as M. leprae (°), suggesting a be-
havioral similarity.

We studied the interaction at 30°C be-
tween M. avium and an endosymbiont-car-
rying strain of Acanthamoeba polyphaga
(Ap-1) which has previously been success-
fully used to isolate, via amoebal enrich-
ment, L. pneumonphila serogroup-1, L.
pneumophila serogroup-3 and a Legionella-
like amoebal pathogen (LLAP-3) from hu-

man cases of pneumonia (7). Endosym-
bionts are bacteria that lie within the amoe-
bal cytoplasm, replicate together with the
host cell, and cannot be cultivated in vitro,
indicating a close mutual dependence (°).
Intriguingly, some human sera contain an-
tibody to the small, curved, gram-negative,
non-acid-fast endosymbiont.

A PYG broth culture of the amoebae was
inoculated with a recent clinical isolate of
M. avium in a bacilli-to-amoeba ratio of
10:1. Half of the mycobacteria were phag-
ocytosed within 1 hr, and virtually all with-
in 18 hr. After 3 weeks, all amoebae con-
tained clumps of strongly staining, intact,
acid-fast bacilli. The amoebae were sub-
cultured every 3 weeks to a total of seven
subcultures, and were found to replicate at
the same rate as uninfected controls. During
this time, all amoebae contained the clumps
of acid-fast bacilli. Amoebae that became
distended with bacilli appeared to be able
to liberate these into the medium.

These studies showed that M. avium was
readily phagocytosed by the amoebae, and
appeared to establish a relationship with the
host cell. This leads us to postulate that A.
leprae may likewise exist, or have evolved,
in close association with protozoa, and we
suggest three possibilities. First, M. leprae
may replicate within certain species or
strains of amoebae, as previously suggested
by Jadin (). Second, the intracellular growth
of M. leprae may be dependent on the pres-
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