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ABSTRACT

The histopathological observations of Khanolkar and lyer, that M. leprae has a preddliction
for nerves, first highlighted the central role of peripheral nervesin the pathology of leprosy. Itis
now well recognized that nerve damage in leprosy will still continue to be an important prob-
lemin control and rehabilitation despite the presence of more efficient therapy. The multiplicity
of mechanisms postul ated, identified, and demonstrated in the last three decades has received
little recognition from the scientific community at large. This review is therefore an attempt to
collate these multiple studies on mechanisms of nerve damage into a cohesive analysis, which
would facilitate the design of future studies. The objective of this review isto focus therefore
only on studies which serve to illustrate mechanisms of nerve damage.

RESUME

L es observations histopathol ogiques de Khanolkar et de lyer, montrant queles M. leprae
présentent une prédilection pour les nerfs, a permis de mettre en lumiére le réle central des
nerfs périphériques dans la pathogénie de lalepre. 11 est maintenant bien établi que les al-
térations nerveuses de lalepre vont continuer a étre un probléme majeur dans e contrdle et
laréhabilitation, malgré la présence de thérapies de plus en plus efficaces. Le grand nombre
des mécanismes postul és, identifiés et démontrés depuis les 3 derniéres décennies, n’ aregue
que peu de reconnaissance de la part de lacommunauté scientifique en général. Cette revue
est donc une tentative de rassembler ces nombreuses études sur les mécanismes de |’ altéra-
tion neurale au sein d' une analyse cohérente, dont le but est d’ aider al’ élaboration de futures
études. Cette revue a pour mission de ne se focaliser que sur les études qui permettent d'il-
lustrer les mécanismes d’ altération nerveuse.

RESUMEN

Las observaciones histopatol6gicas de Khanolkar e lyer que indicaron que M. leprae
tiene una predileccion por nervios, subrayaron el papel central de los nervios periféricos en
lapatologia de lalepra. Ahora esta bien reconocido que el dafio anervios en lalepra contin-
uara siendo un importante problema para el control y la rehabilitacion de la lepra, no ob-
stante la existencia de nuevas y més eficientes formas de terapia. La multiplicidad de los
mecanismos postulados, identificados, y demostrados en las Ultimas tres décadas ha
recibido, sin embargo, poco reconocimiento por parte de la comunidad cientifica. Estare-
vision es por |o tanto, un intento de unir, de alguna manera, estos multiples estudios sobre
los mecanismos de dafio a nervios, en un andlisis cohesivo que pudierafacilitar el disefio de
futuros estudios. Por |o tanto, estarevision se enfoca solo alos estudios orientados ailustrar
los mecanismos de dafio a los nervios.
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Anatomical and mechanical factors in-
volved in leprous neuropathy have been re-
viewed extensively by Wadia (3°%). On the
other hand, Dastur (*¢18), Palande (¢%), and
Antia (*) concluded that raised intraneural
tension was an important contributing fac-
tor, and that fibrous tunnels at the joints
may further excacerbate the nerve damage
which resultsin sites of predeliction usually
being located at the entrapment site.

Maintenance of the peripheral nervous
system is the result of a complex balance
between the two functions of the immune
system viz. assistance in maintenance of
nerve physiology/ regeneration (®*) and de-
fense against infections. Leprosy serves as
a unique model where, due to the insidious
nature of the infecting organism, Mycobac-
terium leprae and its predilection for pe-
riphera nerve Schwann cells, the two func-
tions of the immune system co-exist at |east
during theinitial stages.

The nerve damage following M. leprae
infection of the peripheral nerve can be di-
vided into two stages. The initial phase is
common to both lepromatous and tubercu-
loid patients and occurs despite the absence
of inflammatory cells (% 8% %), In the exper-
imental mouse model, the onset and initial
progress of M. leprae-induced nerve dam-
age remained unchanged in thymectomized
irradiated mice and mice treated with anti-
Thy 1.2 or Cyclosporin A, further empha-
sizing that the early events are not immuno-
logically mediated (82). A recent study by
Rambukkana, et al. using Rag 1-knockout
mice also demonstrated that nerve damage
can be initiated by M. leprae infection in
the absence of an immune response (7).
The studies of Brand, et al. (°) suggested
that M. leprae survived better within the
cooler regions of the body. Therefore, the
metabolic aterations in Schwann cells
and/or axon as a consequence M. lepraein-
fection have been implicated as the major
factor in this phase of nerve damage (- *).
In the later phase, there is an influx of
mononuclear cells, which is predominantly
lymphocytic in tuberculoid patients and
macrophagic in the lepromatous (5?).

Initial phase of nerve damage. Theini-
tial phase of nerve damage observed in pa-
tients across the leprosy spectrum and in a
proportion of contacts is characterized by
an absence of inflammatory cells (-8). The
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predominant histopathological features com-
mon in lepromatous and tubercul oid patients
("®#) include: 1) sub-perineural oedemacon-
sisting of a proteinaceous granular matrix,
interspersed with small pockets of collagen;
ii) axona atrophy and secondary demyelina
tion; iii) loss of unmyelinated fibers; iv) ac-
tivation of resident macrophages and fibrob-
last within the endoneurial space.

In lepromatous patients, M. leprae were
detected mainly in the Schwann cells of the
unmyelinated fibers (5 ). Though no acid-
fast bacilli (AFB) are seen in nerves of tu-
berculoid patients, osmiophilic structures
suggestive of bacteria are observed in the
electron micrographs (?). In addition, viable
M. leprae were recovered from homogenates
of skin biopsiesfrom tuberculoid patientsin-
noculated into the mouse footpad (%°).

Accompanying these degenerative changes
listed above, regenerative activity was also
observed across the spectrum (78), thus
implying that there is a balance between
regeneration and degeneration with the out-
come depending on the predominating ac-
tivity.

These features in the initial phase of
nerve damage have also been studied in the
mouse model (¥%). The mgjor limitation in
the mouse model has been the absence of
inflammatory cells and granulomatous reac-
tions mimicking the spectral disease of the
human, as well as the inability to demon-
strate bacilli in Schwann cells of the af-
fected nerves. However, the presence of
nerve abnormalities in the absence of in-
flammatory cells reiterates the concept of a
non-immunological mode of nerve damage
in the initial stages, possibly due to aberra-
tions in Schwann cell functions. On the
other hand, the absence of bacilli in
Schwann cells may merely reflect differ-
ences in the affinity or the nature of neural
barriers in the human and mouse models.
The Swiss White (SW) mouseisastrainin
which the response of host cellsto M. lep-
rae infection paralels those observed in
lepromatous patients as opposed to the
C57BL/6 strain in which the response to M.
leprae is similar to that observed in tuber-
culoid patients or normal individuals (3).
The histopathological features of early
nerve damage parallel the observation in
patients and are similar in experimentally
infected SW and C57 mice ().
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Entry of M. leprae into the nerve, medi-
ated by the endoneurial endothelial cells,
has been suggested by Mehta (“6); Dastur, et
al. (**20); Boddingues, et al. ("), and Scol-
lard (”®) who have documented the presence
of M. leprae in the endothelial cells. Scol-
lard (™) has proposed that no difference ex-
ists in the mechanism of initial infection
across the leprosy spectrum. Bacteremia
has also been reported in leprosy patients
across the spectrum (*>*°). Thisisin keep-
ing with the histopathological features of
early nerve damage.

M. leprae entry into Schwann cellsisthe
most important event in the induction of
nerve damage. Based on studies utilizing
murine dissociated Schwann cell cultures,
early entry of M. leprae (within 6 hours) is
observed only with viable bacteria (*). Such
forced entry into macrophages has also been
reported for M. leprae as well as (*°) Leish-
mania donovani (%). Recent studies by
Rambukkana, et al. (°%) have suggested that
o2 laminin and a dystroglycan are responsi-
blefor the specific predeliction of M. leprae
for Schwann cells. However, since both
components are present in the basal lamina
of myelinating and non-myelinating fibers,
this hypothesis fails to explain the ultra-
structural observations that, at least in the
initial stages the M. leprae, are predomi-
nantly observed in Schwann cells of non-
myelinating fibers (). The studies by
Choudhary, et al. (**) did not find evidence
for a unique bacterial surface component
for bacterial entry.

An important feature of infection of host
cells by M. leprae is the down regulation
cell-cell communication channels of the
host cell from lepromatous patients (38 &),
Once M. leprae have colonized the Schwann
cells, expression of nerve growth factor
(NGF) receptor and fibronectin secretion
are down regulated (5 %9). This has been
demonstrated in vitro in Schwann cellsfrom
SW and C57BL/6 mice. Receptor down reg-
ulation would result in decreased utilization
of NGF resulting in axonal atrophy, and the
decrease in fibronectin secretion would
hamper regeneration. Both of these features
are characteristic of the initial phase of
nerve damage and are seen in patients across
the spectrum ("8 &%) and in the nerves of ex-
perimentally infected SW and C57BL/6
mice (°).
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However, while in SW mice the damage
progresses and increased demyelination is
observed, in C57BL/6 the damage is
arrested or delayed (*®). A possible ex-
planation is provided by the effect of M.
leprae infection of Schwann cells in vitro
on neura glia cell adhesion molecule
(NgCAM) expression (%), Schwann cell
proliferation (87), and production of colla
gen (*). Since none of the three parameters
were affected by M. leprae infection of
Schwann cells from C57BL/6 mice, the re-
generative capacity in thisstrain is not ham-
pered. In contrast, M. leprae infection of
SW Schwann cell cultures resulted in di-
minished expression of NgCAM (%), which
isrequired for efficient Schwann cell-axon
interaction and is normally enhanced during
regeneration. The aberrant myelination ob-
served in infected nerves (") may beare-
flection of adecreasein NQCAM expression.
Schwann cell proliferation, an important pre-
requisite for peripheral nerve regeneration,
was also decreased. In addition, SW Schwann
cells secreted increased levels of collagen
in vitro (%), which correlated with observa
tions in sciatic nerves from experimentally
infected SW (> ) mice and nerves of lep-
rosy patients ().

In summary, the initial nerve pathology
observed in the sciatic nerves of SW and
C57BL/6 mice infected with M. leprae in
the footpad are similar and resemble the
early changes in the nerves of lepromatous
and tuberculoid patients. Therefore, it was
hypothesized that the response of Schwann
cells to the presence of M. leprae would be
similar. In keeping with this hypothesis,
some common aberrations were noted in the
two strainsin their Schwann cell response to
M. leprae infection, which included down
regulation of NGF-R expression and pro-
duction of fibronectin. Neverthel ess, anum-
ber of Schwann cell responsesto M. leprae
infection were also diverse in the two
strains. SW Schwann cells showed decrease
in proliferation, production of fibronectin,
and expression of NGF-R and NgCAM,
while an increase was noted in the produc-
tion of collagens and laminin. Such differ-
ing responses of Schwann cellsto M. leprae
infection in the two strains in the early
stages may have important implications for
the later stages of nerve damage. First, it
may result in differing degrees of Schwann
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cell mediated regenerative activities in the
two strains and this may explain the pro-
gression of early pathology to extensive
damage only in SW strain (5). Secondly,
such a response in patients' nerves would
probably provide signals to different popu-
lations of inflammatory cells and conse-
quently contribute to the differing composi-
tion of the infiltrating cell population in lep-
romatous and tuberculoid nerves (“1%4),

Concurrent with the metabolic damage
induced, the bacteria continue to multiply
intracellularly within the Schwann cells. It
appears that M. leprae growth is equally
supported across the leprosy spectrum and
in Schwann cells of SW and C57BL/6 mice
(unpublished observations). However, the
immune response generated by the host is
decisive in determining the later sequence
of events.

Later phase of nerve damage. The hall-
mark of the later phase of nerve damage is
the presence of inflammatory cells. Studies
by Dastur, et al. (*¢1°29; Job, et al. (3-%2);
and Ridley (%®), among others, have at-
tempted to elucidate the pathology of the
later phase of nerve damage across the
spectrum. The central question that arises
is, “What isthe signal for the inflammatory
cell influx and how isit regulated?’

One of the earliest theories put forward
was that the inflammatory response espe-
cidly in tuberculoid patients was the result
of autoimmunity (*?). Auto-antibodies in
leprosy have been reported against several
nerve components (** 1%). In addition, hu-
man nerves and skin have anumber of anti-
genic determinants in common with M. lep-
rae (%8 ¢ %), Many of these epitopes are
heat-shock proteins (hsp) (*% ). In animal
models, it has been shown that M. leprae-
primed macrophages attack the Schwann
cells, not only in the presence, but also in
the absence of detectable M. leprae (*), and
M. leprae sensitized T cells also react with
Schwann cell components (%2). However,
studies by Mshana, et al. (**) and Ghas-
walla, et al. (¥) failed to consistently find
antibodies against neural antigens. Lym-
phocyte proliferation in response to neural
antigens was also absent (2> %°). Thus, it is
suggested that autoimmunity may only con-
tribute to the exacerbation of the lesion.

On the basis of the studies cited in the
previous section, Schwann cells can be

International Journal of Leprosy

2003

viewed as more than just supportive cells
for M. leprae multiplication, or as mere
antigen depots. Instead, the initial response
of Schwann cells to M. leprae infection
may have important and divergent influ-
ences on the immunological profile of lep-
romatous and tuberculoid nerves.

An adlterative hypothesis is that the
mononuclear cells crossing the barrier in
the course of normal surveillance (*8) en-
counter antigen presented by antigen-
presenting cells (APC) leading to their acti-
vation, which in turn signals the influx of
fresh cells.

Though the Schwann cell is capable of
presentation of mycobacterial antigens on
its cell membrane, this expression on the
membrane is probably a result of integra-
tion of bacterial antigen with host mem-
brane components during bacterial entry
rather than active processing by Schwann
cells (5).

Nevertheless, M. leprae-infected Schwann
cells from both strains of mice are capable
of sensitizing lymphoid cells in the murine
dissociated Schwann cell culture system
(*°). However, this ability was dependant on
the sensitization level of the lymphocytes
prior to co-culture with Schwann cells, the
antigen used, and the reguirement of acces-
sory cells (*). In addition, anincreasein the
fibroblast population in culture enabled dis-
sociated Schwann cells to induce lympho-
proliferation to M. leprae and 65K d antigen
even in the absence of adherent cells,
demonstrating that fibroblasts could under-
take the role of accessory cells, and in con-
junction with infected Schwann cells, pre-
cipitate an immunological attack (*°). This
is important since macrophages at the site
of old lesions are paralyzed/senescent.

The role of fibroblasts, as well as
Schwann cells, in leprous neuropathy was
aso indicated in studies using immune
modulated mice (®?). Progressive, late nerve
damage associated with demyelination was
significantly reduced in mice treated with
anti-thy 1.2 antibody where, along with the
depletion of T-helper cells, fibroblast—
which express thy 1.2 marker—would also
be affected. In contrast, thymectomized and
irradicated mice, where both T and B cell
populations would be affected leaving the
fibroblast population intact, showed similar
intensity of nerve damage as the untreated
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animals. This indicates an important role
for fibroblasts in leprous neuropathy.

The presence of MHC class | products
and mycobacterial antigens on the surface of
the Schwann cell (* %) may result in “by-
stander” damage due to direct cellular cy-
toxicity. Studies have demonstrated the lysis
of M. leprae-infected Schwann cells by sen-
sitized T cellsin vitro (*9).

In tuberculoid patients, the influx of in-
flammatory cells functions as a double-
edged sword. The influx of macrophages
enhances the regenerative process (%3). In
addition, the lymphocytes stimulated by M.
leprae-antigens presented on Schwann cells
are able to activate macrophages to kill in-
tracellular M. leprae (*°). Simultaneously
with these beneficial effects, the release of
protease results in collagen breakdown,
which excacerbates granuloma formation
(“9). Reactive oxygen intermediates (ROI),
produced by both Schwann cells (1) and
macrophages as a consequence of the in-
flammatory process, resultsin further nerve
damage at the site of the granuloma.

In lepromatous patients, the invading
macrophages further down regulate the
NGF-R (%), thus depriving the cell from uti-
lizing the available NGF, leading to slow
nerve damage. In addition, the NGF levels
have a so been reported by Facer, et al. (> %)
to be decreased in lepromatous patients.
Macrophages simultaneously  enhance
Schwann cell proliferation and NgCAM ex-
pression, thus aiding in the regenerative
process (*” ). The transforming growth
factor-B (TGF-B) is important in the devel-
opment and repair of the peripheral nerve
(*). Conversely, it isaso implicated in pe-
ripheral neuropathies, such as experimental
alergic neuropathy (EAN) and experimen-
tal Wallerian degeneration (). TGF-$ has
al so been reported to enhance Schwann cell
proliferation, up regulate NgCAM, and en-
hance collagen synthesis (¥). These func-
tions of TGF-3, along with itsimmunosup-
pressive action, allow us to propose that
TGF-B secreted by M. leprae-infected
macrophages from lepromatous patients/
SW mice may be responsible for the de-
creased regenerative activity in these nerves.
This is supported by the observation of
Khanolkar, et al. (*) that maximum TGF-3
was observed within lepromatous lesions.

In addition, further invasion by lympho-
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cytes is probably curtailed by the produc-
tion of suppressor factors by the infected
Schwann cells (*) and the invading M.
leprae-infected macrophages (* 7). The data
of Mehta, et al. (*'), indicate that M. leprae
infected murine Schwann cells, though ini-
tially stimulating lymphocytes (*), release a
factor that resultsin cell death probably due
to apoptosis. These lymphoid cells are then
engulfed by Schwann cells and slowly de-
graded in culture (*). Apoptosis of antigen-
specific T cellsin lesions of experimental
alergic encephalomyelitis (EAE) and EAN
has been identified as an effective mecha
nism in stopping neural inflammation. It
may be the consequence of production of a
glucocorticoid by M. leprae infected
Schwann cells (2% %), The possibility aso
existsthat M. leprae infected Schwann cells
like astrocytes (*) may be secreting atumor
necrosis factor (TNF)-like factor. The re-
fractoriness of factor production to cyclo-
heximide treatment of M. leprae-infected
Schwann cells (*7) implicates the release of
glucocorticoid resembling substances (°7),
which may explain the predominantly
macrophage infiltration in nerve granulo-
mas of |epromatous patients.

Silent nerve damage. The studies of
Shetty, et al. (* ™ #) and Srinivisan and
Gupte, et al. (*¥) on silent nerve damage,
which is a magjor concern in patient man-
agement, have extensively documented that
neuropathy progresses in patients after the
infection is cured and even in the absence
of inflammatory cells. Much less in known
about the mechanism by which this occurs.

Nevertheless, there is evidence that the
demyelination observed is a consequence of
atrophic changes in the axonal compart-
ment (78). It has been demonstrated that this
axonal atrophy is due to hypophosphoryla-
tion of the axonal neurofilaments (¥"). It is
of interest to note that the degenerative dis-
orders of the central nervous system are
characterized by the presence of hyperphos-
phorylation, whereas in leprous nerves
there is decreased phosphorylation of the
neurofilaments resulting in their degrada-
tion. The observation that mycobacterial
antigens persists in nerves long after clini-
cal cure (3) suggests that this persisting
antigen may be important for the continued
progression of nerve damage.

Preliminary findings by Shetty, et al. (%3)
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demonstrated that the decreased phosphory-
lation of neurofilaments was also seen in
mice inoculated in the footpads with either
viable or heat-killed M. leprae. Treatment
with the TGF-3 and heat shock proteins has
been shown to inhibit mammalian cyclin
dependent kinase (CDK) (3").

In a culture system using macrophages
Chan, et al. (*°) have shown that lipoarabi-
nomannan (LAM) from M. tuberculosisand
M. leprae inhibited the enzyme protein ki-
nase C (PKC). The neuron specific kinase,
responsible for phosphorylation of neurofil -
ament proteins, CDK5 and PKC are known
to share common inhibitors (). CDK5 may
therefore follow the same pattern of inhibi-
tion (“>™). Increase in phosphatase activity,
an indicator of dephosphorylation of NF,
has been reported in leprous nerves and
skin lesions by Dastur and Dabholkar (*7).
Thus, it is possible that the persisting anti-
gens may interfere with the functions of the
regulatory enzymes leading to hypophos-
phorylation.

Further evidence for therole of M. leprae
antigens being involved directly in silent
neuritis is obtained from the study of Croft
who reported that in 32% of al impaired
nerves studied, nerve function did not im-
prove despite prednisolone therapy (*°).
Since prednisolone would only decrease in-
flammation and has no effect on the bacte-
rial antigenic load, this further emphasizes
theimportance of M. leprae antigensin me-
diating silent neuritis.

Reactionsin leprosy. The acute inflam-
matory response in Type | reactions is of
specia concern sinceit significantly exacer-
bates nerve damage. Histopathologicaly,
the lesions show all the characteristics of a
delayed-type hypersensitivity reaction (> %)
with an influx of mainly CD4 lymphocytes,
especialy of the Thl class (5% 53 59 102,106, 207)
There is an increase in IL-2 and TNF-q,
which confirms a shift to the Thl subtype
during a reaction (3% 1), Possibly due to
this shift, the humoral immunity during
Type| reaction seemsto be diminished (*).
However, a shift to Th2 may also occur
sincethereisanincreasein mRNA for IL-4
in some of the lesions (33 102 107),

While reactional episodes can occur at
anytime during the course of the disease,
recent studies suggest that their incidence
has increased especially among leproma-
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tous patients in the first year of multidrug
therapy (MDT) (*®). This may be dueto the
cidal drugsin the MDT regimen which re-
sult in the suppressor factors which are de-
pendent on viability of M. leprae and are
therefore no longer being produced by in-
fected macrophages (* ? and Schwann
cells (*'), while the killed bacilli act as anti-
gen depots, which serve to stimulate an in-
flammatory response. The reduced levels of
TGF-B reported in reactional lesions further
supports this hypothesis (*).

An alternative mechanism has been pos-
tulated by Rook, et al. (™) who suggests a
neuroendocrine control of inflammation,
wherein destruction of C fibers would di-
minish the activity of neural feedback path-
ways due to decreased secretion of active
peptides. Thisin turn would prevent activa-
tion of the hypothalamus pituitary axis, re-
sulting in local deactivation of cortisol,
thereby precipitating an inflammatory re-
sponse. While the first hypothesis is re-
stricted to lepromatous patients where
suppressor factors play adominant role, de-
struction of C fibers, which is common to
lepromatous and tuberculoid patients (7 &)
suggests that the mechanism postulated by
Rook, et al. may explain reactions at both
ends of the spectrum. The involvement of
the Cortisol-Cortisone shuttle may also ex-
plain the clinical observations that reac-
tional episodes are more frequent during
pregnancy (%) since the enzymes of the
shuttle are affected by progesterone and
pregnancy (%°).

While specificity of lymphoid cells iso-
lated from nerves of non-reactional tuber-
culoid patients is against mycobacterial
antigens and not neural antigens (> %),
studies on antibody responses to neural
antigens have resulted in conflicting results
[reviewed by Desikan (?)]. The observation
that sera from all patients with erythema
nodosium leprosum (ENL) contain de
myelinating antibodiesis of particular inter-
est (N. F. Mistry, personal communication).
Nevertheless, since systemic manifestations
are rare and there is no evidence of a spe-
cific reaction precipitating mycobacterial
antigen (*°), the difference may lie in local
factors such as differential activation and
tissue distribution, as well as the status of
the host immune response and genetic re-
striction.



71,4

V.

Acknowledgment. The critical suggestions of Drs.
P. Shetty and N. F. Mistry in the preparation of this

manuscript are deeply appreciated.

10.

11.

12.

13.

14.

REFERENCES

. ANTIA, N. H. Surgery of nerves. In: Surgical Re-

habilitation in Leprosy. Baltimore: Williams and
Wilkins Company, 1971, pp. 31-51.

. BARROS, U., SHETTY, V. P, and ANTIA, N. H.

Demonstration of Mycobacterium leprae antigen
in nerves of tuberculoid leprosy patients. Acta.
Neuropathol. (Berlin) 73 (1987) 387—392.

. BiroI, T. J., and ANTIA, N. H. The macrophagein

leprosy: areview on the current status. Int. J. Lepr.
Other Mycobact. Dis. 57 (1989) 511-525.

. BIrDI, T. J.,, SALAGAME, P. R., MAHADEVAN, P R,

and AnTIA, N. H. Anindomethacin sensitive sup-
pressor factor released by macrophages of |eprosy
patients. J. Biosci. 6(1984) 25-134.

. Birol, T. J.,, SHETTY, V. P, and ANTIA, N. H. Dif-

ferences in M. leprae-induced nerve damage in
Swiss white and C57BI/6 mice. Int. J. Lepr. Other
Mycobact. Dis. 63 (1995) 573-574.

. Birpl, T. J., D'Souza, S, and AnTiA, N. H. Ex-

pression of mycobacterial antigens on murine dis-
sociated Schwann cellsinfected with viable M. lep-
rae. Microbial Pathogenesis 22 (1996) 181-185.

. Bopbbinaius, J. Ultrastructural changes in blood

vessels of peripheral nerves in leprosy neuropa-
thy: tuberculoid and borderline tuberculoid lep-
rosy patients. Acta. Neuropath. (Berlin) 35 (1976)
159-181.

. Boppinalus, J. Ultrastructural changes in blood

vessels of periphera nervesin leprosy neuropathy:
borderline lepromatous and lepromatous |eprosy
patients. Acta Neuropath. (Berlin) 40 (1977) 21-39.

. BrRAND, P W. Temperature variation and |eprosy

defomity. Int. J. Lepr. 27 (1959) 1-7.

CHAN, J., FaN, X., HUNTER, S. W., BRENNAN, P. J.,
and BLoowm, B. R. Lipoarabinomannan, a possible
virulence factor involved in persistence of Myco-
bacterium tuberculosis within macrophages. In-
fect. Immun. 59 (1991) 1755-1761.

CHANG, K. L. donovani promastigote—macro-
phage surface interaction in vitro. Exp. Parasitol.
48 (1979) 175-189.

CHATTERIEE, G., KAUR, S., SHARMA, V. K., VAISH-
Navi, C., and KAUR, |. Bacillaemia in leprosy:
correlation with dlit skin and nasal smears. Ind. J.
Lepr. 60 (1988) 535-541.

CHOUDHARY, A., MIsTRY, N. F, and ANTIA, N. H.
Blocking of M. leprae adherence to dissociated
Schwann cells by anti-mycobacterial antibodies.
Scand. J. Immunol. 30 (1980) 505-5009.
CHOUDHARY, A., MisTRY, N. F,, and ANTIA, N. H.
Effects of derivative of serotonin (deoxyfruc-
toserotonin) and other antileprosy drugs on attach-
ment and uptake of M. leprae by Schwann cellsin
vitro. Antimicrob. Agents Chemother. 33 (1989)
866-870.

Birdi and Antia: Review: Mechanisms Involved in Nerve Damage

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

351

CrorT, R. P. The epidemiology, risk factors and
response to treatment by corticosteroids of acute
nerve function impairment in leprosy. Thesis for
Doctor of Medicine, Oriel College, University of
Oxford.

DasTuR, D. K. Pathology and pathogenesis of
predilective sites of nerve damage in leprous neu-
ritis. Nerves in the arm and face. Neurosurg. Rev.
6 (1983) 139-152.

DAsTUR, D. K., and DABHOLKAR, A. S. Histo-
chemistry of leprous nerves and skin lesions: acid
phosphatase. J. Pathol. 113 (1974) 69-77.
DASTUR, D. K., PanDYA, S. S., and ANTIA, N. H.
Nervesinthearmin leprosy. Il. Pathology, patho-
genesis and clinical correlations. Int. J. Lepr. 38
(1970) 30-48.

DASTUR, D. K., RAMMOHAN, Y., and SHAH, J. S.
Ultrastructure of lepromatous nerves—neural
pathogenesis in leprosy. Int. J. Lepr. Other My-
cobact. Dis. 41 (1973) 47-80.

DASTUR, D. K., RAMMOHAN, Y., and SHAH, J. S.
Ultrastructure of the nervesin tuberculoid leprosy.
Neurol. Ind. Proc. Suppl. 1 (1972) 89-99.
DesikaN, P. Leprous neuropathy as an autoimmune
phenomenon. Indian J. Lepr. 68 (1996) 15-21.
D’Souza, S., MisTry, N. F, and AnTIA, N. H.
Specificity of lymphoid cells within peripheral
nerve lesions of paucibacillary leprosy patients.
Trop. Med. Parasitol. 41 (1990) 321-323.
Duncan, M. E. Pregnancy and leprosy neuropa
thy. Ind. J. Lepr. 68 (1996) 23-34.

Eustis-Turr, E. P, BENJAMINS, J. A., and LEF-
FORD, M. J. Characterization of the anti-neural an-
tibodies in the sera of leprosy patients. J. Neu-
roimmunol. 10 (1986) 313-330.

FACER, P, MATHUR, R., PANDYA, S. S., LADIWALA,
U., SINGHAL, B. S., and ANAND, P. Correlation of
quantitative tests of nerve and target organ dys-
function with skin. Immunohistology in leprosy.
Brain 121 (1998) 2239-2247.

FACER, P, MATHUR, R., PANDYA, S. S., LADIWALA,
U., SINGHAL, B. S,, HOoNGO, J. L., et al. (Abstract)
Decreased nerve growth factor immunostaining in
skin precedes sensory loss in leprosy. J. Neurol.
Neurosurg. Psychiatr. (1998)

GHASWALLA, P. S, MisTry, N. F,, and ANTIA, N. H.
Serum antibodies of normals and leprosy patients
show equal binding to peripheral nerve. Int. J.
Lepr. Other Mycobact. Dis. 57 (1989) 690-692.
IYER, C. G. S. Predilection of Mycobacteriumlep-
rae for nerves, neurohistopathological observa-
tions. Int. J. Lepr. 33 (1965) 634-645.

Jacoss, J. M., SHETTY, V. P, and ANTIA, N. H. A
morphological study of nerve biopsies from cases
of multibacillary leprosy given multidrug therapy.
Acta. Neuropathol. 85 (1993) 533-541.

JavAamL, V., and BHATIA, V. N. Bacillaemiain smear
negative leprosy. Indian J. Lepr. 58 (1986) 661.
Jog, C. K. Nerve lesions in leprosy—an ultra-
structural study. Lepr. Ind. 44 (1972) 29.



352

32.

33.

34.

35.

36.

37.

38.

39.

41.

42.

46.

Jog, C. K. Pathology of peripheral nerve. Lesion
in lepromatous leprosy—a light and electron mi-
croscope study. Int. J. Lepr. 39 (1971) 251-268.
KHANOLKAR, V. R. Studies in the histology of
early lesionsin leprosy. Indian Council of Medical
Research Special Report Series, New Delhi 19
(1951) 1-18.

KHANOLKAR-YOUNG, S., RAYMENT, N., BRiCcK-
ELL, P. M., VINAYAKUMAR, S., CoLsTON, M. J.,
and Lockwoob, D. N. Tumour necrosis factor
alpha (TNF-0) synthesis is assoicated with skin
and peripheral nerve pathology of leprosy rever-
sa reaction. Clin. Exp. Immunol. 99 (1995)
196-202.

KHANOLKAR-YOUNG, S., Snowbon, D., and
Lockwoob, D. N. J. Immunocyto-chemical lo-
calization of inducible nitric oxide synthetase and
transforming growth factor-beta (TGF-f) in lep-
rosy lesions. Clin. Exp. Immunol. 113 (1998)
438-442.

KHANOLKAR-Y OUNG, S., YOUNG, D. B., and CoL-
sToN, M. J. Nerve and skin damagein leprosy is
associated with increased intralesional heat
shock proteins. Clin. Exp. Immunol. 96 (1994)
208-213.

Korr, A., OHTSUKI, M., PoLyak, K., ROBERTS,
J. M., and MAssaGUE, J. Negative regulation of
Gl in mammalian cells: inhibition of cycline
E-dependent kinase by TGF-B. Science 260 (1993)
536-539.

LAssamMANN, H. Basic mechanisms of brain in-
flammation. J. Neural Transm. Suppl. 50 (1997)
183-190.

LASTER, S. M., Woop, J. G., and GoobpIng, L. R.
Morphological studies of TNF induced lysis. J.
Leuk. Biol. 42 (1987) 544.

. LEw, J., and WANG, J. H. Neuronal cdc2-like ki-

nase. Trends Biochem. Sci. 20 (1995) 33-37.
Lisak, R. P, SkunprIc, D., BEALMEAR, B., and
RAGHEB, S. Therole of cytokinesin Schwann cell
damage, protection and repair. J. Inf. Dis. 176
(1997) S173-179.

LumsDEN, C. E. Leprosy and the Schwann cell in
vico and in vitro. In: Leprosy in Theory and Prac-
tice. Bristol: John Wright and Sons, 1964, pp.
221-250.

. MAckINTOsH, C., and MAcKINTOsH, R. W. In-

hibitors of protein kinases and phosphatases. Trends
Biochem. Sci. 19 (1994) 444-448.

. MALONE, J. D., RICHARDS, M., and JEFFREY, J. J.

Recruitment of peripheral mononuclear cells by
mammalian collagenase digests of type 1 colla-
gen. Matrix 11 (1991) 289-295.

. MANGHANI, D. K., and DASTUR, D. K. Peripheral

neuropathology of leprosy—a brief historical re-
view. Indian J. Lepr. 64 (1992) 67-80.

MEHTA, L. N. Blood vesselsin leprosy and other
peripheral nerve disorders. In: The Peripheral
Nervesin Leprosy and Other Neuropathies. Dehli:
Oxford University Press, 1997, pp. 151-170.

International Journal of Leprosy

47.

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

2003

MEeHTA, R, BIrDI, T. J,, and ANTIA, N. H. Effect
of M. leprae infected Schwann cells and their su-
pernatant on lymphocyte neuroglia interaction. J.
Neuroimmunol. 22 (1989) 49-156.

MEHTA, R., MUKHERIEE, R., LANDON, D., VERGH-
ESE, G., and ANTIA, N. H. In vitro interaction of
M. leprae-infected Schwann cells and splenic
cells. Acta Neuropathol. 76 (1988) 407—410.
Mistry, N. F, Birol, T. J., and ANTIA, N. H. M.
|eprae phagocytosis and its association with mem-
brane changes in macrophages from leprosy pa-
tients. Parasite Immunol. 8(1986) 129-138.
MisTry, N. F.,, SHETTY, V., SHETTY, V. P, and AN-
TIA, N. H. The immunological role of the
Schwann cell in leprosy. In: The Peripheral Nerve
in Leprosy and Other Neuropathies. Dehli: Oxford
University Press, 1997, pp. 215-230.

MisTRY, N. F., SHETTY, V., SHETTY, V. P, and AN-
TIA, N. H. Therole of nerve tissue culture in the
study of the interrelationship of Schwann cells
with M. leprae. In: The Peripheral Nervein Lep-
rosy and Other Neuropathies. Dehli: Oxford Uni-
versity Press, 1997, pp. 171-184.

MobLIN, R. L., GEBHARD, J. F.,, TAYLOR, C. R., and
REeA, T. H. In-situ characterization of T lympho-
cyte subsets in the reactional states of leprosy.
Clin. Exp. Immunol. 53 (1983) 17-24.

MobLin, R. L., YAMAMURA, M., SALGAME, P, and
BLoom, B. R. Lymphokine patterns in leprosy
skin lesion. In: Dermatology: Progress and Per-
spectives. London: Parthenon Publishing Group,
1993, pp. 893-896.

. MsHANA, R., HARBOE, M., STONER, G. L., HUGHES,

R. A. C., KabLusowskl, M., and BELEHU, A. Im-
mune responses to bovine neurd antigensin leprosy
patients. 1—absence of antibodies to an isolated
myelin protein. Lepr. Rev. 54 (1983) 217-227.
MsHANA, R., HuMBER, D. P, HarBOE, M., and
BELEHU, A. Immune response to bovine neural
antigens in leprosy patients. |l—absence of in
vitro lymphocyte stimulation of periphera nerve
myelin proteins. Lepr. Rev. 54 (1983) 217-227.
MUKHEREE, R., MAHADEVAN, P. R., and ANTIA, N.
H. Organized nerve culture |I. DNA synthesisin
Schwann cellsin the presence of M. leprae. Int. J.
Lepr. Other Mycobact. Dis. 48 (1980) 189-192.
NaAFs, B. Reactions in leprosy. In: Biology of
Mycabacteria. London: Academic Press Ltd.,
1989, pp. 359-403.

NAAFs, B., KoLk, A. H. J,, CHIN, A., LIEN, R. A.
M., et al. Anti-Mycobacterium leprae mono-
clonal antibodies cross-reactive with human skin.
An alternative explanation for the immune re-
sponses in leprosy. J. Invest. Dermatol 94 (1990)
685—688.

NARAYANAN, R. B., LAAL, S., SHARMA, A. K., et
al. Differences in predominant phenotype and
distribution pattern in reactional lesions of tuber-
culoid and lepromatous leprosy. Clin. Exp. Im-
munol. 55 (1984) 623-628.



71,4

60.

61.

62.

63.

65.

66.

67.

69.

70.

71.

72.

73.

OTTENHOFF, T. H., KALE-AB, B., vAN EMBDEN, J.
D.,et al. Therecombinant 65 Kd heatshock pro-
tein of Mycabacterium bovis Bacillus Calmette
Guerin/M. tuberculosis is a major target mole-
cule for CD4+ cytotoxic lymphocytes that lyse
human monocytes. J. Exp. Med. 168 (1988)
1947-1952.

PaLANDE, D. D. Preventive nerve surgery in lep-
rosy. Lepr. India’52 (1980) 276-297.

Pearson, J. M. H., and Ross, W. F. Nerve in-
volvement in leprosy—pathology, differential di-
agnosis, and principles of management. Lepr. Rev.
46 (1975) 199-212.

PERRY, H. V., and Brown, M. C. Macrophages
and nerve regeneration. Curr. Opin. Neurobiol. 2
(1992) 679-682.

. PERRY, H. V., ANDERSSON, P. B., and GorpoN, S.

Macrophages and inflammation in the central
nervous system. Trends Neurosci. 16 (1993)
268-273.

RAMBUKKANA, A., BURGGRAAF, J. D., FABER, W.
R., et al. The mycobacterial secreted antigen 85
complex possesses epitopes that are differently ex-
pressed in human leprosy lesions and Mycaobacte-
rium leprae infected armadillo tissues. Infect. Im-
mun. 61 (1993) 1835-1845.

RAMBUKKANA, A., YAMADA, H., ZanAzzi, G.,
MATHUS, T., SALZER, J. L., YURCHENCO, P. D.,
CampBELL, K. P, and FiscHETTI, V. A. Therole of
dystroglycan as a Schwann cell receptor for Myco-
bacterium leprae. Science 282 (1998) 2076-2079.
RAMBUKKANA, A., ZANAZzI, G., TAPINOS, N., AND
SALZER, J. L. Contact-dependent demyelination
by M. leprae in the absence of immune cells. Sci-
ence 296 (2002) 927-931.

RiDLEY, D. S. Hypersengtivity and immuneresctions
and classification. Lepr. Rev. 47 (1976) 171-174.
RiDLEY, D. S., and RipLEY, M. J. Classification of
nerve is modified by the delayed recognition of
mycobacterium leprae. Int. J. Lepr. Other My-
cobact. Dis. 54 (1986) 596—606.

Rook, G. A, LiGHTMAN, S. L., and HEINEN, C. J.
Can nerve damage disrupt neuroendocrine im-
mune homeostasis? Leprosy as a case in point.
Trends Immunol. 23 (2002) 18-22.

RUFER, M., FLANDERS, K., and UNSICKER, K.
Presence and regulation of transforming growth
factor beta mMRNA and protein in the normal and
lesioned rat sciatic nerve. J. Neurosci. Res. 39
(1994) 412-423.

SALGAME, P. R., MAHADEVAN, P. R., and ANTIA, N.
H. Mechanism of immunosuppression in leprosy:
presence of suppressor factor(s) from macro-
phages of lepromatous patients. Infect. Immun. 40
(1983) 119-1126.

SAMANT, G., SHETTY, V. P, UPLEKAR, M. W., and
ANTIA, N. H. Clinical and electrophysiological
evaluation of nerve function impairment follow-
ing cessation of multi drug therapy in leprosy.
Lepr. Rev. 70 (1999) 10-20.

Birdi and Antia: Review: Mechanisms Involved in Nerve Damage

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

85.

86.

87.

353

SavEg, M. P, and SHETTY, V. P. A critique on com-
mentary “How Mycobacterium leprae infects pe-
ripheral nerves’ by Freeman, et al. (Letter to the
editor). Lepr. Rev. 72 (2001) 102-105.
ScoLLARD, D. M. Endothelial cellsand the patho-
genesis of lepromatous neuritis: insights from the
armadillo model. Microbes Infect. 2 (2000)
1835-1843.

SHETTY, V. P. Polyaxonal myelination in a human
leprous nerve. Int. J. Lepr. Other Mycobact. 63
(1995) 104-105.

SHETTY, V. P and ANTIA, N. H. Myelination
around multiple axons in the peripheral nerve: an
unusual ultrastructural observation. Acta. Neu-
ropathol. 50 (1980) 147-151.

SHETTY, V. P, Jacoss, J. M., and ANTIA, N. H.
The pathology of early leprous neuropathy. J.
Neurol. Sci. 88 (1988) 115-131.

SHETTY, K. T., Link, W. T., and PanT, H. C. cdc-2-
like kinase from rat spinal cord specifically phos-
phorylated KSPXK motifs in neurofilament pro-
teins: isolation and characterization. Proc. Natl.
Acad. Sci. U. S. A. 90 (1993) 6844—-6848.
SHETTY, V. P, MEHTA, L. N, IraNI, P. F, and AN-
TIA, N. H. Study of the evolution of nerve damage
in leprosy: Part |—lesions of the index branch of
the radial cutaneous nerve in early leprosy. Lepr.
Ind. 52 (1980) 5-18.

SHETTY, V. P, MEHTA, L. N, IrRANI, P. F.,, and AN-
TIA, N. H. Study of the evolution of nerve damage
in leprosy: Part Il—observations on the index
branch of theradial cutaneous nerve in contacts of
leprosy. Lepr. Ind. 52 (1980) 19-25.

SHETTY, V. P, MistrRyY, N. F, BirDl, T. J., and ANTIA,
N. H. Effect of T-cell depletion on bacterial multi-
plication and pattern of nerve damage in M. leprae
infected mice. Ind. J. Lepr. 67 (1995) 363-373.
SHETTY, V. P, SHETTY, K. T., SAvE, M. P, and An-
TIA, N. H. M. leprae induced alteration in the eu-
rofilament phosphorylation leads to demyelination
in leprous nerves: a hypothesis. Indian J. Lepr. 71
(1999) 121-135.

. SHETTY, V. P, UPLEKAR, M. W., and ANTIA, N. H.

Immunohistochemical |ocalization of mycobacte-
rial antigens within the peripheral nerves of
treated leprosy patients and their significance to
nerve damage in leprosy. Acta. Neuropathol. 88
(1994) 300-306.

SHETTY, V. P, VIDYASAGAR, P. B., and ANTIA, N.
H. Study of the evolution of nerve damagein lep-
rosy. Part |1l—sciatic nerve lesion in mice inocu-
lated with M. leprae with nerve conduction veloc-
ity correlates. Lepr. Ind. 52 (1980) 26-47.
SHETTY, V. P, WAKADE, A. V., and ANTIA, N. H. A
high incidence of viable Mycobacteriumlepraein
post MDT recurrent lesionsin tuberculoid leprosy
patients. Lepr. Rev. 72 (2001) 337-344.

SINGH, N., Birol, T. J,, and ANTIA, N. H. Differen-
tia in vitro modulation of Schwann cell prolifera-
tion by Mycobacterium leprae and macrophages



354

88.

89.

90.

91.

92.

93.

95.

96.

97.

98.

in the murine strains, Swiss White and C57BL/6.
J. Peripher. Nerv. Syst. 3(1998) 207-215.

SINGH, N., BirDI, T. J., and ANTIA, N. H. M. lep-
rae infection and macrophages secretory products
modulate the expression of NgCAM on Schwann
cell surface. Int. J. Lepr. Other Mycobact. Dis. 64
(1996) 449-451.

SiNGH, N., Birol, T. J,, and ANTIA, N. H. Nerve
growth factor production and expression of p75 by
Schwann cells and neurofibroblasts in response to
M. leprae infection and macrophage secretory
products. Neuropathol. Appl. Neurobiol. 23
(1997) 59-67.

SINGH, N., BirDI, T. J., CHANDRASHEKHAR, S., AND
ANTIA, N. H. Schwann cell ECM protein produc-
tion ismodulated by M. leprae and macrophage se-
cretory products. J. Neurol. Sci. 151 (1997) 13-22.
SkoFF, A. M., Lisak, R. P, BEALMEAR, B., and
Benaamins, J. A. TNF-o and TGF- act synergis-
tically to kill Schwann Cells. J. Neurosci. Res. 53
(1998) 747-756.

SPIERINGS, E., DEBOER, T., ZULIANELLO, L., and
OtTEHOFF, T. H. M. Therole of Schwann cells, T
cells, and M. leprae in immunopathogenesis of
nerve damage in leprosy. Lepr. Rev. 71 (2000)
5121-5129.

SRINIVASAN, H., and GupTg, M. D. Experiences
from studies on quiet nerve paralysis in leprosy
patients. In: The Peripheral Nervein Leprosy and
Other Neuropathies. Dehli: Oxford University
Press, 1997, pp. 30-35.

. STANLEY, J. N. A. Pathological changesin the sci-

atic nerves of mice with leprosy neuropathy—an
electronmicroscopic study. Ph.D. thesis, Univer-
sity of Oxford, 1988.

STEINHOFF, U., and KAUFMANN, S. H. E. Specific
lysisby CDS+T cells of Schwann cells expressing
M. leprae antigens. Eur. J. Immunol. 18 (1998)
967-972.

SuN, K., YANG, K., and CHALLIS, J. R. Regulation
of 11B-hydroxysteroid dehydrogenase type 2 by
progesterone, estrogen and the cyclic adenosine
5’-monophosphate pathway in cultured human
placental and chorionic trophoblasts. Biol. Re-
prod. 58 (1998) 1379-1384.

TrRoGANOWSKI, J. Q., and LEE, V. Expression of
neurofilament antigens by normal and neoplastic
human adrenal chromaffin cells. N. Engl. J. Med.
313 (1985) 101-103.

VAN BRAKEL, W., KHAwAS, |. B., and Lucas, S. B.
Reactionsin leprosy: an epidemiological study of

International Journal of Leprosy

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

100.

2003

386 patientsisWest Nepal. Lepr. Rev. 65 (1994)
190-203.

VAN DEN AKKER, T. W., NAAFs, B., KoLk, A. H.
J., et al. Similarity between mycobacteria and
human epidermal antigens. A study with human
sera and murine anti-M. leprae monoclonal anti-
bodies. Brit. J. Dermatol. 127 (1992) 352—358.
VERHAGEN, C. E., FABER, W. R., KLATSER, P R,, €t
al. Immunohistological analysesof in situ expres-
sion of mycobacterid antigensin the skin lesions
of leprosy patients across the histopathological
spectrum. Am. J. Path. 154 (1999) 1793-1804.
VERHAGEN, C. E., VAN DER Pauw KrAAN, T. C. T.
M., BUFFING, A. A. M., et al. Type-1- and Type-
2-like lesional skin derived M. leprae-responsive
T-cell clones are characterized by co-expression
of IFN-gamma/TNF-o and 1L 4/IL5/IL13 respec-
tively. J. Immunol. 160 (1998) 2380-2387.
VERHAGEN, C. E., WIERINGA, E. E. A., BUFFING,
A.A. M. et al. Reversal reaction in borderline
leprosy is associated with a polarized shift to
Type-1-like Mycobacterium leprae T-cell reac-
tivity in lesional skin. A follow-up study. J. Im-
munol. 159 (1997) 4474-4483.

WabiA, N. H. (Ep.) Neurological PracticeinIn-
dia. Under Publication.

WALLE, T. K., VARTIO, T., HELVE, T., VIRATEN, |.,
and Kurkl, P. Cellular fibronectin in rheumatoid
synovium and synovia fluid: a possible factor
contributing to lymphocyte infiltration. Scand. J.
Immunoal. 31 (1990) 535-540.

WRIGHT, D. J. M., HirsT, R. A., and WATERS, M.
F. R. Neural auto-antibodies in leprosy. Lepr.
Rev. 46 (1975) 157-169.

YAMAMURA, M., UYEMURA, K., DEANS, R. J., et
al. Defining protective responses to pathogens:
cytokine profilesin leprosy lesions. Science. 254
(1991) 277-279.

YAMAMURA, M., WANG, X. H., OHMEN, J. D., et
al. Cytokine patterns of immunologically medi-
ated tissue damage. J. Immunol. 149 (1992)
1470-1481.

ZetTL, U. K., GoLp, R., HARTUNG, H. P, and
Tovka, K. V. Apoptotic cell death of T lympho-
cytesin experimental autoimmune neuritis. Neu-
rosci. Lett. 176 (1998) 75-79.

ZetTL, U. K., GoLb, R., HARTUNG, H. P, and
Tovka, K. V. Intravenous glucocorticosteroid
treatment augments apoptosis of inflammatory T
cells in experimental autoimmune neuritis. J.
Neuropathol. Exp. Neurol. 54 (1995) 540-547.





