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Morphological and functional characterizations of Schwann cells
stimulated with Mycobacterium leprae
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Nerve damage, a characteristic of leprosy, is the cause of patient deformities and a consequence of Schwann
cells (SC) infection by Mycobacterium leprae. Although function/dysfunction of SC in human diseases like leprosy
is difficult to study, many in vitro models, including SC lines derived from rat and/or human Schwannomas, have
been employed. ST88-14 is one of the cell lineages used by many researchers as a model for M. leprae/SC interaction. However, it is necessary to establish the values and limitations of the generated data on the effects of M. leprae
in these SC. After evaluating the cell line phenotype in the present study, it is close to non-myelinating SC, making
this lineage an ideal model for M. leprae/SC interaction. It was also observed that both M. leprae and PGL-1, a mycobacterial cell-wall component, induced low levels of apoptosis in ST88-14 by a mechanism independent of Bcl-2
family members.
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The function/dysfunction of Schwann cells (SC) in
human disease is difficult to study. In an attempt to bypass some of these difficulties, tissues obtained during
different phases of experimental and naturally occurring
peripheral neural system diseases in animals or those
employed using in vitro models can efficiently serve as
a basis for study. The latter include dissociated primary
human and animal SC as well as SC lines derived from
rat and/or human Schwannomas (Yan et al. 1995).
Both in vivo and in situ approaches, however, have inherent limitations. SC/nervous system interdependence
leads to mutual disturbances. For example, experimental and genetically determined SC diseases often result
in axonal pathology (Ryan et al. 1994). Mycobacterium
leprae, the causative agent of leprosy, presents a unique
characteristic among human pathogens in its ability to
invade and survive inside SC (Rambukkana et al. 1997).
Although the pathogenesis of leprosy neuropathy is far
from being fully understood, this event is the basis of
the sensory and motor loss leading to the disabilities
and deformities commonly associated with this disease
(Agrawal et al. 2005).
The non-myelinating SC is the target of M. leprae
entry and survival in escaping from the bactericidal
activity of macrophages. M. leprae is easily seen inside
vacuoles in the non-myelinating SC cytoplasm in nerve
specimens of leprosy patients, but the direct effects of
this have yet to be clarified (Aung et al. 2007). It has
been proposed that the cell wall of pathogenic mycobac-
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teria contains most of the elements associated with disease pathogenesis. Recent data have shown that, in order
to adhere and activate SC, M. leprae and its glycolipid
component PGL-I utilize molecules on the basal lamina
and membrane of SC (e.g., laminin α2 and the neuregulin receptor Erb2, respectively). These events result in
demyelination in rat SC co-cultures (Vincent et al. 2000,
Tapinos & Rambukkana 2005).
SC change their phenotype during development and
after nerve injury. These phenotypes are capable of undergoing dedifferentiation, transdifferentiation, and
apoptosis depending on the stimulus (Barry & Beaman
2006). These changes are orchestrated by a range of neurons and cytokines secreted into the damaged environment and SC autocrine factors. In adult life, myelinating
and non-myelinating SC share some common markers
but also exhibit molecules that identify each of the mature SC (Bhatheja & Field 2006, Mirsky & Jessen 2007).
Malignant Schwannoma occur frequently in neurofibromatosis type 1 (NF-1, von Recklinghausen’s diseases) in
conjunction with germ line alterations in the NF-1 gene
at 17q11.2 (Yan et al. 1995).
ST88-14 was one SC line among these Schwannomas
immortalized by Yan et al. (1995). Over the last decade,
it has been used by researchers as a model for M. leprae/
SC interaction. (Im et al. 2006). The resulting studies
have shown that M. leprae can invade SC (Marques et al.
2001b) by a specific laminin-binding protein of 21kDa
(Marques et al. 2001a) in addition to PGL-I (Ng et al.
2000). Furthermore, Oliveira et al. (2003) have demonstrated the expression of Toll-like receptors within
ST88-14 that can be activated by M. leprae lipoproteins
and, consequently, lead to apoptosis and cytokine release by SC. More recently, the mannose receptor, which
facilitates M. leprae entry into SC in this cell line, has
been identified (Cruz 2006). Although ST88-14 has been
characterized as an SC cell lineage and used as a model
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of M. leprae/SC interaction, a better characterization of
the range of its biological and pathological responses to
M. leprae infection is still needed to establish the value
and limitations of the effects of M. leprae in these cells.
Data from the present study suggested that the ST8814 phenotype is close to non-myelinating SC, thereby
making it an ideal model of M. leprae/SC interaction.
M. leprae and PGL-I also induced low levels of apoptosis
in cells independent of Bcl-2 family member activation.
MATERIALS AND METHODS

Reagents - For immunohistochemistry and flow cytometry analyses (FCA), the following primary antibodies were used: rabbit anti-S100 (1:100), rabbit anti-myelin
basic protein (MBP) (1:50), rabbit anti-glial fibrillary
acidic protein (GFAP) (1:50), mouse anti-ninjurin (1:50),
rabbit anti-laminin (1:100), and mouse anti-CD44 (1:50)
polyclonal antibodies (DakoCytomation, Denmark).
The secondary antibodies used were goat anti-mouse
fluorescein isothiocyanate (FITC) conjugate affinitypurified IgG1 and goat anti-rabbit FITC-conjugate
affinity-purified IgG (DakoCytomation, Denmark).
Respective IgGs (mouse IgG1 and rabbit IgG) were adopted as negative controls.
Irradiated armadillo-derived M. leprae was provided
by Dr. Brennan (Department of Microbiology, Colorado State University, Fort Collins, USA). Freeze-dried
AraLAM from rapid-growing Mycobacterium smegmatis and ManLAM from Mycobacterium tuberculosis
strain H37Rv were provided by Dr. John T. Belisle (CST,
Fort Collins, USA). They were reconstituted in RPMI
(1 mg/ml) and stored at 4°C. PGL-I was provided by John
S. Spencer (CST, Fort Collins, USA) and reconstituted in
PBS (1 mg/ml, stored at 4°C). The purification of PGL-1
has been previously described by Ng et al. (2000). The
concentration of PGL-I used in this study was based on
a dose-response curve performed by Ng et al. (2000).
All reagents used in the in vitro cultures were shown to
contain less than 0.1 U/ml endotoxin as measured by the
Limulus amebocyte lysate assay (Whittaker Bioproducts, Walkersville, USA).
SC line culture - The ST88-14 tumor cell line, established from malignant Schwannomas (neurofibrosarcoma) of patients with NF-1 (Oliveira et al. 2003), was
generously donated by J. A. Fletchter (Dana Farber Cancer Institute, Boston, USA). Cells were grown in RPMI
1640 medium supplemented with 100 U of penicillin/ml,
100 μg of streptomycin/ml, 2 mM L-glutamine, and
15% fetal calf serum (FCS, HyClone, Logan, USA) in
a humidified CO2 incubator at 37ºC. For in vitro assays,
the attached ST88-14 cells were released with trypsin/
EDTA (0.25% /1 mM) for 1 min, washed, and suspended
in culture medium for culturing 7x104 cells/well in 24well plates (Falcon, Franklin Lakes, USA) for in vitro
stimulations.
For morphological evaluation, control cells were
seeded on glass coverslips for 24 h incubation. The cells
were removed and immunolabeled. For FCA, SC were
cultured onto 24-well plates for 24 h at 37ºC either in
the presence or absence of one of the following stimuli:
M. leprae at a multiplicity of infection (MOI) of 50:1

or PGL-I, ManLAM and AraLAM at a final concentration of 10 µg/ml. For gene expression analysis, cells were
cultured in 6-well plates in the presence or absence of
stimulus for 3 h and 6 h at 37ºC.
Immunolabeling - SC were cultured in 24-well plates
containing glass coverslips covered with 4% silane (Sigma Chemical Company; St. Louis, USA). The samples
were washed with PBS and fixed in 1% paraformaldehyde for staining with anti-MBP, anti-GFAP, anti-Laminin, and anti-ninjurin or with methanol for anti-S100 and
CD44. The samples were blocked and permeabilized in
0.5% Triton X-100/10% goat serum/10% FCS in PBS
(anti-MBP, anti-GFAP, anti-laminin, and anti-CD44).
Alternatively, they were permeabilized in 0.05% NP40
and blocked in 10% AB Human serum in PBS (antiS100, anti-ninjurin). They were subsequently incubated
with primary antibodies (anti-MBP, anti-GFAP, and
anti-S100). Secondary antibodies (fluorescein isothiocyanate-goat anti-rabbit IgG) were added and incubated
for 30 min at room temperature (rt). Cellular DNA was
stained with bisbenzimide, and coverslips were mounted
with Vectashield mounting medium (Vector Laboratories). The images were obtained using LSM510 METAZEISS laser scanning microscope.
FCA - Analysis of NGF-R (nerve growth factor receptor), MBP, S100, GFAP, and Bcl2 expression was assessed by FCA. S100 and Bcl2 intracellular staining was
performed after cell fixation with 4% PFA for 10 min.
Cells were washed in PBS and permeabilized in 0.1%
saponin in PBS containing 0.1% sodium azide for 20 min
at 4ºC. Cells marked for NGF-R, MBP, and GFAP were
subsequently washed in 0.1% saponin PBS solution and
incubated with rabbit primary antibodies (anti-MBP, anti-GFAP, or Bcl2) or with mouse (anti-NGF-R) for 30 min
at 4ºC. Cells were washed again and incubated with secondary antibody (i.e., FITC conjugate goat anti-rabbit or
anti-mouse) for 30 min at 4ºC. Cells were washed with
PBS buffer and resuspended in 1% PFA before analysis
on a FACSCalibur flow cytometer. Positivity thresholds were set using irrelevant anti-rabbit IgG for MBP
and GFAP or Bcl2 and anti-mouse NGF-R as negative
controls. All data are expressed as median fluorescence
intensity (MIF). Gating was set on large granular cells,
and 10,000 gated events were collected from each sample. Data were analyzed by WinMDI 2.8 software for
Windows (Joseph Trotter, Scripps Research Institute,
San Diego, USA).
AnnexinV staining - AnnexinV is an anticoagulant
protein that preferentially binds negatively charged
phospholipids, such as phosphatidylserine, which are
exposed on the outer leaflet of the cytoplasmic membrane early in the apoptotic process. Apoptotic cells
were determined by staining with annexin V-FITC
conjugate using the TACSTM AnnexinV-FITC apoptosis
detection kit (R&D Systems, Minneapolis, USA). Cells,
at a concentration of 7x104 cells/ml, were incubated in
the presence or absence of M. leprae (MOI 50:1), PGL-I
(10 µg/ml), ManLAM (10 µg/ml), or AraLAM (10 µg/
ml) for 24 h at 37ºC. Cells were then washed once with
cold PBS pH 7.4 and incubated with 100 μl of binding
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buffer (10 mM HEPES/ NaOH pH 7.4, 140 mM NaCl, and
2.5 mM CaCl2) (7x104 cells/ml) containing 1 μl of annexin
V-FITC (R&D Systems) and 10 μg/ml propidium iodide
(PI, Sigma) in the dark for 15 min/ rt; after which, 400 μl
of binding buffer was added. Stained cells were analyzed
by FCA on a FACScalibur Flow Cytometer (Becton &
Dickinson, San Jose, USA). Data on a minimum of 104
cells were analyzed using WinMDI 2.8 software (Joseph
Trotter, San Diego, USA). Cells that stained neither with
PI nor with annexinV were considered viable cells. Cells
stained for annexinV were considered apoptotic cells.
Cells stained only with PI were considered necrotic.
Viability and cell cycle analysis - The cell cycle distribution was determined by staining DNA with PI of
Triton X-100 permeabilized cells. Briefly, 7 x 104 cells
were incubated in the presence or absence of M. leprae,
PGL-I, ManLAM, or AraLAM for 24 h. Cells were
washed in 1x HBSS and incubated with PI solution (1 μg
PI, 1 mg/ml RNAse and 0.02% Triton X-100) for 30 min/
rt. The percentage of cells in the different phases of the
cell cycle was measured immediately by FCA in a FACScalibur flow cytometer. Data analysis was performed
by WinMDI 2.8 software for Windows. The percentage
sub-G0/G1 peak in the hypodiploid distribution below a
DNA index of one (< 2n) and the percentage of proliferating cells (S phase) were calculated. Because the nucleus
becomes fragmented during apoptosis and numerous individual chromatin fragments may be present in a single
cell, the percentage of objects with a fractional DNA content is represented by the sub-G0/G1 peak (Castellino et al.
2007). For each analysis, 10,000 cells were acquired.
RNA isolation and semi-quantitative RT-PCR - For
analysis of the mRNA expression, cultured SC were suspended in 1 ml Trizol, and RNA was extracted according to the manufacturer’s instructions. One microgram
of total RNA was used to prepare cDNA in a reverse
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transcription reaction, and the samples were stored at
-20°C until use. Specific oligonucleotide primer pair
sequences for β-actin, Bax, and Bak were used as described (Sampaio et al. 1998) and synthesized (Gibco
BRL). Sequences are described in the Table. The primers were designed to avoid genomic DNA amplification.
PCR in a total volume of 25 µl was performed as previously detailed (Sampaio et al. 1998), and the samples amplified in a DNA thermocycler using the following program for 25 cycles (β-actin) or 35 cycles (Bax and Bak):
denaturation at 95ºC/ 45 s, annealing at 60ºC/ 45 s, and
extension at 72ºC/ 90 s. PCR products were subjected
to electrophoresis on 1.7% agarose gels. Specificity of
the amplified bands was validated by their predicted size
(β-actin, 267 bp; Bax, 581 bp and Bak, 528 bp). The amplified fragments were stained with ethidium bromide.
For quantification, Image Master software was used.
Values were normalized against the β-actin density of
the same sample.
Statistical analysis - The data were analyzed by the
Wilcoxon non-parametric test using SPSS 10.0 software
for Windows. A p value < 0.05 was considered to be
statistically significant.
TABLE
Primer sequences used in PCR assays
Human		
genes
Primer
b-actin F
b-actin R
Bax F
Bax R
Bax F
Bax R

Base
Pair

5’CCGGCTTCGCGGGCGACGA-3’
267
5’CGGGAGCCACACGCAGCTCA-3’
5’GTTTCATCCAGGATCGAGCAG-3’
581
5’CTTCCAGATGGTGAGCGAGG-3’
5’GCCCAGGACACAAGAGGAGGTTTTC-3’ 528
5’AAACTGGCCCAACAGAACCACACC-3’

Fig. 1: immunophenotype characterization of ST88-14 line cultures. The human Schwann cell line expressed (A) S100 (green), (B) GFAP
(green), (C) MBP (green) insert negative control, (D) Ninjurin (green), (E) laminin (red) and (F) CD44 (green) antibodies. Superimposed
images of fluorescence bizbenzinidin blue (A, B and C) or Evans blue (F).
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Fig. 2: Mycobacterium leprae induces apoptosis of Schwann cells (SC) in vitro. ST88-14 cultured onto glass coverslips and maintained in the
absence (A, B) or presence of M. leprae for 24 h (C, D). SC were Ziehl-Nielsen stained (100X). Mycobacteria were found in abundance in SC
cytoplasm (arrows). Apoptotic cells can by seen carrying M. leprae inside (arrow head).

cell line expressed important molecules that are characteristic of non-myelinating SC (Corfas et al. 2004). Even
though ST88-14 cells presented a non-myelinating phenotype, a low level of MBP was detected in these cells
(Fig. 1C). In addition, the ninjurin protein previously described in SC (Cardoso et al. 2007) was also detected in
the ST88-14 lineage (Fig. 1D). Immunolabeling patterns
varied according to the markers analyzed: S100, GFAP,
MBP, Ninjurin and Laminin (Fig. 1) had a cytoplasmic
distribution. CD44, a known transmembrane glycoprotein, was strongly expressed on this SC membrane (Fig.
1F). By FCA, no modulation of the S100, MBP, GFAP, or
NGF-R signal was observed when M. leprae was added
to culture (data not shown).
M. leprae effect on SC culture - The non-stimulated SC
culture reaches confluence, presenting a bipolar or tripolar morphology with oval nuclei characteristic of SC (Figs
2A, B). After incubating these cells with M. leprae, the
majority lost their characteristic bipolar fusiform shape
and became rounded with vacuolated cytoplasm containing M. leprae. Morphological changes also occurred including an increase in cell shrinkage and nuclear condensation (Fig. 2C, D) compatible with apoptotic cells.

Fig. 3: effect of mycobacterial components and M. leprae on apoptosis
levels in 24h ST88-14 cultures. Cells were incubated without (unt) and
with M. leprae (Ml) (50:1), PGL-I (10μg/ml), ManLAM (10 μg/ml),
AraLAM (10µg/ml), and Act D (15 μg/ml) for 24h. A: apoptosis
levels assayed by AnnexinV; B: apoptosis levels by cell cycle analysis
of Sub-G1 phases. Bar graph insert: the quantification of PGL-I was
assessed in the culture by cell cycle analysis of Sub-G1 phases. The
normalized data are shown relative to that of untreated cells. Data are
the means ± SEM from five independent experiments.

RESULTS

Phenotype markers of SC - In order to develop an
in vitro model to investigate M. leprae/SC interactions,
the SC lineage ST88-14 was characterized by immunohistochemistry and FCA. Immunostaining with S-100,
CNPase (data not shown), and laminin mAbs confirmed
expression of these SC markers by all cells in culture
(Fig. 1A, E). The expression of the GFAP, CD44 (Fig.
1B, F) and NGF-R (data not shown) indicated that this

Effect of M. leprae and PGL-I on ST88-14 viability ST88-14 SC were incubated with M. leprae at a MOI of
50:1 in the presence or absence of PGL-I, ManLAM, or
AraLAM at a concentration of 10 µg/ml in the culture
medium for 24 h. Apoptosis levels were accessed by two
distinct methods: observation of phosphatidylserine externalization stained with annexinV-FITC conjugate, and
hypodiploid fractionation of cells stained with PI by cellcycle analysis (Fig. 3A, B). Cells with condensed nuclei,
characteristic of apoptosis, comprised 14.86 ± 1.34% of
annexinV-positive cells in the cultures in the absence of
stimulus, and the frequency of apoptotic cells increased
to 20.33 ± 2.9% (p ≤ 0.05, in relation to non-stimulated
cells) in the presence of M. leprae and to 25.4 ± 6.8% in
the presence of the PGL-I (p ≥ 0.05) (Fig. 3A). Cell-cycle
analysis also revealed a mild increase in DNA fragmentation by M. leprae and PGL-I stimulus (Fig. 3B). In culture
stimulated with AraLAM and ManLAM, apoptosis was
observed, but no significant difference was found compared to the control (Fig. 3B). These data indicate that
M. leprae induced low levels of apoptosis and reduced
cell proliferation in this human SC line.
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Fig. 4: Bcl-2, Bax and Bak expression in ST88-14 cell line cultures.
A: cells were treated without (unt) or with M. leprae (Ml, MOI 1:50),
PGL-I (10μg/ml), ManLAM (10μg/ml), and AraLAM (10μg/ml) for
24h and analyzed by flow cytometry to determine Bcl-2 protein
expression. Expression of Bcl-2 was measured by the difference
between mean fluorescence intensity (MIF) of stained and isotype
control. Data are expressed as means ± SEM from three independent
experiments. B: RT-PCR was performed for Bax and Bak in ST88-14
cells untreated (unt) or treated with M. leprae (50:1), PGL-I (10ug/
ml), ManLAM (10ug/ml), and AraLAM (10ug/ml) for 3h. Semiquantitative PCR for 35 cycles was performed with the appropriate
primers and β-actin as a control.

Apoptosis pathway: Bcl2 family - In order to investigate the participation of Bcl2 family members in apoptosis induced by M. leprae on SC, mRNA expression of
Bax and Bak was assessed in stimulated ST88-14 culture.
In addition, the expression of the Bcl2 protein was also
analyzed by FCA. No difference was observed between
the Bcl2 expression in the controls when compared to
that in the cultures stimulated with M. leprae, PGL-I,
AraLAM or ManLAM (Fig. 4A). A kinetic range to 25
to 40 cycles was performed on the Bax and Bak genes to
verify the exponential phase of the both genes. The Bax
and Bak genes have low mRNA expression levels and
were detected only after 30 cycles. Densitometry analysis of the bands in Fig. 4B showed a similar level of Bax
and Bak expression in comparison to the control when
stimulated either by M. leprae or PGL-I.
DISCUSSION

The peculiar propensity of M. leprae to survive inside SC is one of the most intriguing events in infectious diseases and may account for the impossibility
to address preventive or therapeutic measures to avoid
nerve damage secondary to the infection. Difficulties
in studying this subject arise from the inability to grow
the bacillus in vitro (Truman 2005). This difficulty can
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be overcome by using an in vitro model of SC in the
presence of M. leprae. A continuous cell line has the
advantage of avoiding confounding effects due to cellular contaminants and the genetics of cell donors, which
are common inconveniences in dissociated SC (Jessen
& Mirsky 2002). However, the best model to study SC
function is the SC/axon co-culture, in which the effect of
axon on SC can be assessed.
Dead M. leprae and its components can provide important information on how M. leprae affects SC biology
(Rambukkana et al. 1997). However, nerve lesions occur
in leprosy even in the absence of live bacilli, indicating
that the dead bacilli and their components liberated into
the nerve milieu perpetuate the nerve lesion (Rambukkana et al. 1997). It has recently been reported that PGLI was expressed in motor neurons of the spinal cord for
more than ten years of 10 cured leprosy patients. M. leprae
DNA has also been seen in SC (Aung et al. 2007).
The present study demonstrated that ST88-14 expresses many of the molecules predominantly present
in non-myelinating SC (e.g., GFAP, NGF-R, CD44) and
may be useful in mimicking M. leprae natural infection
(Roh et al. 2006). Surprisingly, ST88-14 also expressed
very low levels of MBP, suggesting that, although myelin was not produced, the gene was transcribed in
this lineage. The expression of laminin also indicated
a certain degree of SC maturation. However, the other
components of the basal lamina did not appear to have
been produced since no basal lamina could be identified.
This observation confirmed previous data showing that
ST88-14 expresses mRNA of α1β1 and γ1 of laminin 2
and α-dystroglycan molecules that mediate M. leprae
adherence to SC (Rambukkana et al. 1997). Another integrin family member, ninjurin-1, was also constitutively expressed in SC. Analysis of these molecules in the
nerve biopsies of leprosy patients showed upregulation
in the neuritic lesions (Cardoso et al. 2007).
The most interesting data derived from the high expression of CD44 in this cell line. This is a membrane
glycoprotein that, besides playing a key role in SC-neuron
interaction, is also involved in organ development, neuronal axon guidance, numerous immune responses, and
apoptosis modulation (Sherman et al. 2000). It is highly
expressed in the neonatal nerve when SC proliferate.
CD44 appears to mediate Erb2/Erb3 heterodimerization
in response to neuregulin, an essential feature in SC differentiation (Ponta et al. 2003). However, low expression
is seen in adults, and CD44 is primarily found in nonmyelinating SC (Yasuda et al. 2002). It has also been
recently reported that M. leprae is able to activate Erb2
in SC via mechanisms other than those associated with
neuregulin (Tapinos et al. 2006). It could, therefore, be
speculated that the CD44 present in SC may be involved
in the M. leprae/SC interaction.
The data indicating that M. leprae induced SC apoptosis corroborate previous reports (Oliveira et al. 2005).
However, the induction of apoptosis in this cell line by
PGL-I remains a controversial issue since previous studies failed to induce apoptosis in rat SC co-cultures challenged by PGL-I (Ng et al. 2000). In this study, however,
PGL-I-coated polystyrene beads attached to and crossed
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the basal lamina/SC seen within non-myelinated SC.
While inducing profound effects on SC, these beads did
not induce apoptosis. In this system, the growth survival
factor secreted by the neurons might be able to overcome
the apoptotic effects induced by PGL-I, similar to the SC
culture. It has been demonstrated, however, that apoptosis can be induced through p75 signaling after NGF
binding (Soilu-Hänninen et al. 1999). Previous studies
have demonstrated that p75-induced cell death constitutively (Rabizadeh et al. 1993). In this particular system,
mechanisms involving apoptosis did not involve the Bcl2
family (Soilu-Hänninen et al. 1999).
In the present work, we showed that the mechanisms
leading to apoptosis in ST88-14 either by M. leprae or
PGL-I did not apparently include Bcl2 family members.
The role of the extrinsic apoptosis pathway involving
Fas/FasL is also under investigation, and our preliminary results suggest that this is not the pathway used by
M. leprae. In previous reports, PGL-I was seen to inhibit
human mononuclear blood cell proliferation in a concentration-dependent manner. This inhibition seems to be a
general property of mycobacterium phenolic glicolipids
working similarly to the growth modulating properties
of gangliosides (Fournie et al. 1989). PGL-I exerts a nonspecific modulatory effect on the membranes of proliferating cells (i.e., Jurkat and Mott-4), perhaps analogous to
the effect of gangliosides on growth and differentiation
(Charlab et al. 2001).
The high variability observed in apoptosis rate with
PGL-I administration could be explained by the difficulties encountered in obtaining a homogenous solution
of these components as well as other stress conditions
endured by SC cultures. Both TNF and NGF apoptosis induction is strongly influenced by cell density and
stress conditions. Although none of these variables were
analyzed in the present study, it cannot be ruled out that
they must have affected the final results in some way
(Boyle et al. 2005)
In conclusion, the data presented in this study suggested that the ST88-14 phenotype is close to non-myelinating SC, which would make it an excellent model
for studying the M. leprae/SC interaction. It was also
demonstrated that M. leprae and PGL-I induced low
levels of apoptosis in cells by a mechanism not mediated
by the activation of Bcl-2 family members.
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