Cell Mol Neurobiol (2007) 27:909-921
DOI 10.1007/s10571-007-9215-4

ORIGINAL PAPER

Induction of TNF-a by LPS in Schwann Cell is Regulated
by MAPK Activation Signals

Chun Cheng ‘- Yongwei Qin - Xiaoyi Shao - Haibo Wang -
Yongjing Gao - Mengling Cheng - Aiguo Shen

Received: 1 June 2007/ Accepted: 31 August 2007/ Published online: 28 September 2007
© Springer Science+Business Media, LLC 2007

Abstract Mitogen-activated protein kinases (MAPKSs) are important mediators of cytokine
expression and are critically involved in the immune response. The lipopolysaccharide (LPS)
of gram-negative bacteria induces the expression of cytokines and proinflammatory genes via
the toll-like receptor 4 (TLR4) signaling pathway in diverse cell types. In vivo, Schwann cells
(SCs) at the site of injury may also produce tumor necrosis factor— o (TNF-«). However, the
precise mechanisms of TNF-a synthesis are still not clear. The purpose of the present study
was to elucidate the underlying molecular mechanisms in the cultured SCs for its ability to
activate the MAPKs and TNF-o gene, in response to LPS. Using enzyme-linked immuno-
sorbent assay (ELISA), it was confirmed that treatment with LPS stimulated the synthesis of
TNF-« in a concentration- and time-dependent manner. Intracellular location of TNF-a was
detected under confocal microscope. Moreover, LPS activated extracellular signal-regulated
kinase (ERK1/2), P38 and stress activated protein kinase/c-Jun N-terminal kinase (SAPK/
JNK) and induced their phosphorylation. LPS-elicited SCs TNF-a production was also dras-
tically suppressed by PD98059 (ERK inhibitor), SB202190 (P38 inhibitor), or SP600125
(SAPK/JNK inhibitor). Additionally, the expression of CD14 and TLR4 was examined by
RT-PCR. It was demonstrated that the expression of CD14, TLR4 was crucial for the SCs
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responses to LPS. In conclusion, the results provide novel mechanisms for the response of SCs
to LPS stimulation, through MAPKSs signaling pathways.

Keywords Lipopolysaccharide - Schwann cell - Tumor necrosis factor-alpha -
Mitogen-activated protein kinase

Introduction

Schwann cells (SCs) are glia of the peripheral nervous system (PNS). Besides their roles in
myelination, trophic support, and regeneration of axons, SCs exhibit potential for some
immune functions, similarly to non-myelinating glia of the central nervous system (CNS). SCs
can be induced to produce cytokines and chemokines, express major histocompatibility
complex (MHC) class II molecules, adhesion molecules, and serve as antigen presenting cells.
They produce chemokines and macrophage inflammatory protein-1o (Orlikowski et al. 2003),
which recruit macrophages from the blood vessels and induce local inflammation. In vivo, SCs
at the site of injury may also produce tumor necrosis factor-o. (TNF-«), as SCs are activated
and/or damaged following nerve injury, produce cytokine and neuroactive factors, and have
recently been described to possess an increasing number of macrophage-like characteristics
(Wagner and Myers 1996). In addition, SCs in the course of experimental autoimmune neu-
ritis, the murine model for the human Guillain—Barré syndrome (GBS), or Wallerian
degeneration following an axonal injury are producing TNF-a, interleukin (IL)-1c, and IL-1/
(Shamash et al. 2002).

It is known that lipopolysaccharide (LPS) is one of the major constituents of the outer
membrane of gram-negative bacteria and LPS recognition and signal transmissions are among
the key events in the host—defense reaction toward gram-negative bacteria. Many different cell
types such as neutrophils and macrophages can respond to LPS by releasing potent inflam-
matory cytokines to destroy invading bacteria (Arndt et al. 2004). These cytokines, such as
TNF-a, IL-1f, IL-6, interferon (IFN), likely to the neurotoxicity observed in neurodegenera-
tive diseases such as GBS, amyotrophic lateral sclerosis (ALS), and multiple sclerosis (MS) in
PNS inflammation (Czlonkowska et al. 2005).

TNF-« is a pleiotropic cytokine, the regulation of TNF-o gene expression in cells of the
monocytic lineage stimulus-dependent and quite complex, involving controls at both tran-
scriptional and post-transcriptional levels. Many studies of the transcriptional regulation of
TNF-o have focused on the investigation of transcription factors that bind to the responsive
element sites within the TNF-a promoter, such as nuclear factor-xB (NF-xB) (Suzuki et al.
2006), activating protein-1 (AP-1), cAMP response element-binding (CREB) protein, signal
transducer and activator of transcription (STAT6) (Tang et al. 2005), and LPS-induced TNF-«
factor (LITAF) (Tang et al. 2006). However, the relative contributions of these various reg-
ulatory elements in transcriptional activation of the TNF-« gene in SCs are poorly understood.

A variety of signaling pathways have been elucidated in the response to LPS (Diks et al.
2004). LPS binds to toll-like receptor 4 (TLR4) and induces a gene expression program almost
identical to that induced by a whole bacteria (Jenner and Young 2005). TLRs are specialized
surface molecules that recognize a variety of pathogenic molecules and initiate signaling
cascades leading to the activation of the innate immune system (Uematsu and Akira 2006).
TLR4 recognizes the majority of bacterial lipoproteins and is expressed on a variety of
immune cells, including antigen presenting cells and CD4" T cells (Caramalho et al. 2003).
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The best described of which is the pathway leading to mitogen-activated protein kinases
(MAPKS) activation through TLR4. MAPKSs are important mediators of cytokine expression;
in particular, p38 and extracellular signal-regulated kinase (ERK) play a key role in LPS-
induced signal transduction pathways leading to cytokine synthesis. Recently, an adaptor
molecule homologous to myeloid differentiation factor 88 (MyD88) has been shown to be
involved in the activation of the MAPKs by TLR4. In a fashion similar to that of MyD88
knockout mice, Tirap knockout mice demonstrate delayed activation of the MAPKs after LPS
exposure (Schaefer et al. 2005). These findings suggest the presence of pathways independent
of MyD88 and Mal/Tirap, which lead to the activation of the MAPKSs after LPS stimulation.

In our experiments, we investigated the signaling mechanism by which the activation of
SCs CD14, TLR4, and MyD88 regulated TNF-« synthesis via ERK, stress activated protein
kinase/c-Jun N-terminal kinase (SAPK/JNK), and P38MAP kinase, and specific inhibitors of
MAPK subgroups could block SCs expression of TNF-o involving transcriptional control
mechanism.

Materials and Methods
SC Culture and Treatment

SCs were cultured from excised dorsal root ganglion (DRG), brachial plexus, and sciatic
nerves from SD rat as described previously. Briefly, cells were cultured with dulbecco’s
modified eagle’s medium (DMEM) containing 10% calf serum. In order to reduce the number
of dividing fibroblasts, SCs cultures were treated with monoclonal antibody anti-thy 1.1 and a
rabbit complement (Brockes et al. 1979). Fibroblast contamination was minimal after this
stage (~1.5%). For cell culture use, LPS (Escherichia coli, 0127:B8, Sigma) should be
reconstituted by adding cell culture medium to a vial and swirling gently until the powder
dissolves. The LPS concentration was 1 pg/pl. SCs cultures were primed for indicated times or
indicated concentrations with LPS. In some experiments, PD98059, SB202190, and SP600125
were applied 1 h prior to LPS stimulation.

Detection of Intracellular and Extracellular TNF-o by ELISA

The concentrations of TNF-u released in the culture medium and present in cell lysates (i.e.,
intracellular) were quantified by specific rat TNF-o enzyme-linked immunosorbent assay
(ELISA) according to the instruction of the manufacturer.

Cell Death Assay

For quantitative analysis of cell viability, 10 pl of WST-8 (Cell Counting Kit-8, CCK-8,
Dojindo, Japan) solution was added to each well, and, after incubation at 37°C for 3 h in a
humidified CO, incubator, absorbance at 450 nm was monitored with a microplate reader
(ELx800" Absorbance Microplate Reader, USA). The cell viability was calculated by the
normalization of optical densities (OD) to those of control cells incubated with vehicle only.
The terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL) assay kit
was used to detect apoptotic cells (Roche, Germany). Immunohistochemistry of TUNEL-
positive cells was completed by anti-fluorescein antibody Fab fragments, conjugated with
alkaline phosphatase. After substrate reaction, stained cells can be analyzed under light
microscope.
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RNA Isolation and Reverse Transcriptase PCR (RT-PCR) Analysis

Total cytoplasmic RNA of SC was extracted using Trizol extraction kit according to the man-
ufacturer’s protocol. Total RNA was reverse-transcribed using ThermoScript reverse
transcriptase PCR (RT-PCR) system (Invitrogen, USA). Primer sequences used in this report
were listed as follows: TNF-o primers: sense, CGTCGTAGCAAACCACCAAG:; antisense,
CACAGAGCAATGACTCCAAAG; TLR4 primers: sense, GACATCCCTTATTCAACCA;
antisense, TTTGTCTCCACAGCCACC; CD14 primers: sense, TGCTCGGCTTGTT GCTGTT;
antisense, AACTTGGAGGGTCGGGAAT; MyDS88 primers: sense, AGCCTTGTTA
GACCGTGAG:; antisense, GCAGATAGTGATGAACCGTAG. The GAPDH was used as an
internal control and was detected using the following primers: sense, TGATGACATCAA-
GAAGGTGGTGAAG:; antisense, TCCTTGGAGGCCATGTGGGCCAT. PCR was performed
in a Mastercycler personal with the following parameters: TNF-«, CD14, and MyD88 (dena-
turation at 94°C for 45 s, annealing at 55°C for 45 s, and extension at 72°C for 1 min each step),
26 cycles for TNF-u, 30 cycles for MyD88, 29 cycles for CD14; 30 amplification cycles for TLR4
(94°C for 45 s, at 58°C for 45 s, 72°C for 1 min); 24 cycles for GAPDH (94°C for 45 s, at 55°C
for 45 s, 72°C for 1 min). The signal intensities of RT-PCR products were quantified by
calculating the integrated volume of the band with a computing laser densitometer.

Immunoblot Analysis

After appropriate stimulation, cell lysates were obtained by scratching cell in a lysate buffer.
Protein were loaded into wells of a 10% acryl/bisacrylamide gel, and after separation, proteins
were transferred to a polyvinylidene fluoride (PVDF) membrane. After saturation in Tris-
Buffered Saline Tween-20 (TBST) containing 5% milk, primary antibody and secondary
horseradish peroxidase-conjugated antibody diluted in TBST were sequentially added to and
incubated with the membranes for overnight and 2 h, respectively. Revelation was obtained by
enhanced chemiluminescence (ECL).

Immunocytochemistry

The cells were fixed with 4% formaldehyde for 30 min, then treated with 0.1% TritonX-100/
PBS for 5 min, and incubated with phosphate buffered saline (PBS) containing 3% normal
goat serum for 1 h. The cells were incubated overnight at 4°C with polyclonal anti-TNF-o
antibody (Santa Cruz, USA), rabbit anti-p-ERK, p-P38, p-SAPK/JNK (cell signal, 1:500), and
monoclonal anti-S-100 (Sigma, USA). After the cells were rinsed with PBS, they were
incubated with fluorescein isothiocyanate (FITC)-conjugated anti-goat (TNF-«) or rabbit IgG
(p-ERK, p-P38, p-SAPK/JNK) in blocking solution and tetramethyl rhodamine isothiocyanate
(TRITC)-labeled anti-mouse IgG (Jackson, USA) to visualize monoclonal antibody (S-100).
The cells were rinsed and mounted onto slides, which were then analyzed and imaged by
confocal laser scanning microscopy.

Results
LPS Induces the Expression of TNF-o mRNA and Protein in SCs

SCs were treated with various concentrations of LPS (1, 10, 100 pg/ml) for 2 h and we found
that LPS-induced TNF-o biosynthesis in a concentration-dependent manner (Fig. 1A).
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Fig. 1 LPS induces the expression of TNF-o mRNA and protein in cultured SCs. LPS induces TNF-o synthesis
in a (A) concentration- and (B) time-dependent manner. (A) Cultures were untreated or treated with various
concentrations of LPS for 2 h in triplicate. Data were expressed as mean + SEM of the maximum response
observed. *Significant difference between untreated cultures and cultures treated with 10 pg/ml LPS (n = 3;
*¥#P < 0.01); 100 pg/ml (n = 3; ***P < 0.05). (B) Cultures were treated with 10 pg/ml LPS for various times
(0, 1, 2, 3, 4, 6 h) in triplicate. *Significant difference between untreated cultures and cultures treated for 3 h
(n =3; *P < 0.05). (C) Time-course of TNF-2 mRNA expression in LPS cultured SCs. (D) Integrated band
densities were obtained by scanning using a densitometer. Plotted mean = SEM of three independents
experiments. (E) LPS induces TNF-a release in a time-dependent manner. TNF-o release and total protein in
each well were determined as described in Experimental Procedures. Cultures were treated with 10 pg/ml LPS
for various times (0, 2, 4, 6 h) in triplicate. Data were collected from three independent experiments and
expressed as mean + SEM of the percentage of the maximum response observed at 4 h treatment

Significant biosynthesis was observed at 10 pg/ml LPS (**P < 0.01). Of note, treatment with
100 pg/ml LPS appeared to induce less TNF-o biosynthesis than treatment with 10 pg/ml LPS;
this may reflect a loss of cell viability or numbers at the highest LPS concentration. We also
conducted time course studies at 10 pg/ml LPS. Significant TNF-o biosynthesis was observed
at 1 h (P <0.01) and the maximum response occurred at following 2-3 h (*P < 0.001)
induced by 10 pg/ml LPS (Fig. 1B). But there was no significant difference between the
response at 2 h and 3 h. Exposure of the cells to LPS also induced the expression of TNF-o
mRNA as well as TNF-« protein (Fig. 1C, D). The kinetic profile of the expression of TNF-«
mRNA by RT-PCR analysis revealed a time-dependent induction of TNF-o mRNA by LPS.
TNF-o mRNA was detected as early as 1 h, peaked at 2 h, and then started to decline by 3 h.
To detect the release of TNF-a from the LPS-treated SCs, we analyzed the supernatant of
medium at indicated times. Significant TNF-« release was observed at 2 h (*P < 0.01) and the
maximum release occurred following 4 h treatment (**P < 0.001) (Fig. 1E). Analysis through
immunofluorescent staining also showed a cytoplasmic staining of TNF-« in the SCs after
stimulation with LPS. TNF-a was significantly co-localized with S-100 (SCs marker) in the
LPS treated cytoplasm of SCs (Fig. 2b, d). In nonstimulated SCs, TNF-a was scarcely
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observed in the cytoplasm (Fig. 2b0, d0). Although there were few fibroblasts among our
acquired SCs, they did not express TNF-« (Fig. 2d, arrows).

Effects of LPS on Cell Viability

The cytotoxic effects of LPS on mouse leukocytes have been examined. In addition, LPS was
cytotoxic for macrophages (Peavy et al. 1978). Cytotoxic factor can be triggered by LPS, but a
low LPS concentration is less toxic. However, cytotoxic of LPS at high concentrations has not
been reported in SCs. Therefore, we examined the cytotoxic of LPS in SCs. During experi-
ments, we first observed the effect of various concentrations of LPS (1, 10, and 100 pg/ml) on
cell viability for 3 h or 24 h. Interestingly, higher doses of LPS (100 pg/ml) did result in loss
of cell viability either 3 h or 24 h, and OD decrease rapidly (Fig. 3A). Apoptotic cell death
was also assessed at 24 h by TUNEL. We treated the SCs at 100 pg/ml LPS for 24 h. There
was a significant increase in the number of apoptotic cells in LPS-treated cells (Fig. 3B), as a
high concentration and a long time treatment of LPS had a predominant cytotoxic effect. These
results may elucidate that treatment with 100 pg/ml LPS appears to induce less TNF-o bio-
synthesis than treatment with 10 pg/ml LPS.

LPS Modulates the Expression of CD14, TLR4, and MyD88 in SCs

The cellular recognition of and response to LPS stimulation depend on the interplay of CD14
and TLR4/MyD88 compounds. Our results showed that SCs exhibited a relatively high level of
expression of TLR4 mRNA and MyD88 mRNA after treatment of LPS. However, SC
expressed CD14 mRNA no matter they were treated with LPS or not (Fig. 4A, B). These data
demonstrate that SCs bind to LPS by cell membrane LPS receptors such as CD14 and TLR4
and then activate the MAPK signaling pathway.

LPS Activates the MAPKSs and Effect of MAPKSs Inhibitors on LPS-induced
Phosphorylated MAPKs in SCs

The activation of MAPKs is also important to transmit LPS-induced signals in many cell types.
As illustrated in Fig. 4C, the activities of ERK, P38, and SAPK/JNK were significantly
increased in the LPS-treated SCs. Specifically, significant phosphorylation of P38 and SAPK/
JNK was observed at 30 min, followed by a gradual decline reaching basal levels after 45 min,
and the maximum response occurred again following persistent stimulation of LPS for
120 min. These indicate that TNF-«, which synthesis in SCs, has the ability to induce its own
biosynthesis through p38 and SAPK/INK pathway in SCs. Therefore, utilizing a longer
treatment time can activate the phosphorylation of P38 and SAPK/JNK due to autocrine effects
of TNF-u itself.

To detect the effect of PD98059, SB202190, and SP600125 on the inhibition of phos-
phorylated ERK (pERK), phosphorylated P38 (pP38), and phosphorylated JNK (pJNK)
activity in SC, respectively, SCs were pretreated with the PD98059, SB202190, and SP600125
for 1 h and stimulated with 10 pg/ml LPS for 30 min. As shown in Fig. 5, the inhibited effect
of pERK, pP38, and pJNK were displayed by using 50 uM PD98059, 20 uM SB202190, and
30 uM SP600125 and the inhibited effect of pERK, pP38, and pJNK was striking by using
70 uM PD98059, 40 uM SB202190, and 50 uM SP600125 in SCs, respectively.

Analysis with immunofluorescent staining also showed a cytoplasmic staining for pERK,
pP38, and pSAPK/JNK in the SCs after stimulation with LPS. As illustrated in Fig. 6a”, ¢”,
and e”, the phosphorylated-ERK, P38, and SAPK/INK were significantly co-localized with
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Fig. 2 TNF-u expression in cultured SCs after LPS challenge. Double fluorescence staining is performed using
SCs marker S-100 (red) and polyclonal antibody against TNF-o (green). Pseudocolor in yellow indicates
colocalization (d). Nucleus of SCs and fibroblasts were stained with Hoechst (a0, a), TNF-« in the cytoplasm of
SCs were stained with green fluorescence, LPS induce expression of TNF-« in SCs, but not in some fibroblasts
(b, arrow), S-100 positive of SCs were stained with red fluorescence (c0, ¢). The remaining unstimulated dish
was used as a control (a0, b0, c0, d0). Merged images were shown in dO and d
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Fig. 3 Effect of LPS on SCs viability. Cell viability was assessed by using a Cell Counting kit (CCK-8). Cells
were pretreated without or with 1, 10, and 100 pg/ml LPS for 3 h or 24 h, as indicated. *P < 0.05, compared
with cultures treated with 10 pg/ml LPS (A). Apoptotic cell was detected using TUNEL. Brown-stained nuclei

are considered apoptosis in LPS (100 pg/ml)-treated group. There was no significant apoptotic cell in control
group (B)

S-100 in the LPS treated cytoplasm of SCs. We also used specific inhibitors of MAPKSs, and
pretreatment cell with these inhibitors weakened the intensity of fluorescence, as shown in
Fig. 6b”, d”, and f".

The Effects of MAPK Inhibitors on TNF-a Synthesis Induced by LPS

It has been demonstrated that LPS can significantly activate ERK, p38, and SAPK/JNK. To
assess whether MAPKSs play an important role in LPS-induced TNF-a synthesis, we used
specific inhibitors of MAPKs cascades: PD98059 (Fig. 7A, B), SB202190 (Fig. 7C, D), and
SP600125 (Fig. 7E, F). All the three reagents inhibited TNF-o and TNF-o mRNA production
induced by LPS. They exert inhibitory effects in a concentration-dependent manner. These
results suggest that LPS stimulation induces the activation of the MAPKSs cascade, leading to
the synthesis of TNF-a. So it is reasonable to conclude that the production of TNF-o is
regulated by ERK, P38, and SAPK/INK at transcriptional level.
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Fig. 4 Activation of MAPKs in LPS-stimulated SCs through binding with CD14, TLR4. (A, B) Expresses
CD14, TLR4, and MyD88 mRNA after treated SCs with 10 pg/ml LPS for 1 h (A: lane 1, water, as a negative
control; lane 2, SCs; lane 3, SCs with LPS treatment). (C) The phosphorylated, total ERK (P44/42), P38, and

SAPK/INK detected by Western blot

Fig. 5 Inhibition of LPS-induced
phosphorylated-ERK (pERK), pP38,
and pSAPK/INK activation by

inhibitor of MAPKSs in SCs. Cell were pP44/42
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70 uM), SB202190 (10, 20, and

40 uM), and SP600125 (10, 30, and
50 uM). Cell extracts were
subsequently prepared and subjected
to Western blotting using antibody
specific for pERK, pP38, pSAPK/
JNK and total-ERK (tERK), tP38, and
tSAPK/JNK
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The overall aim of this study is to investigate the way that MAPKSs regulate TNF-o processing.
We have identified a novel signaling pathway in the LPS-stimulated SCs, which induces the
activation of MAPK. From the results presented here, we can draw a general scheme of
coordinated events. The immune challenge of SC by LPS, through interaction with CD14 and
TLR4 on the surface of the membrane, triggers the intracellular synthesis of TNF-o. CD14 is a
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Fig. 6 The immunofluorescence analysis of phosphorylated-ERK (pERK), pP38, and pSAPK/INK expressionp-
after LPS stimulation in SCs. Cell were incubated with LPS for 30 min or pretreated with indicated inhibitor for

1 h. Immunofluorescence reveals that LPS increases pERK, pP38, and pSAPK/JNK-IR extensively in the SCs
(@”, ¢”, €”). Double immunofluorescence reveals that pERK, pP38 and pSAPK/INK-IR (a, ¢, e, green) co-
localizes with S-100 (a’, ¢/, €/, red) in the cytoplasm of SCs. Pretreatment cell with indicated inhibitor PD98059
(50 uM), SB202190 (20 uM), and SP600125 (30 uM) weaken LPS-induced activation of ERK, P38, and
SAPK/INK (b”, d”, f)

cell surface receptor binding with LPS and transferring signals to TLR4 (Jiang et al. 2005) and
the CD14-LPS complex activates TLR4 and MyD88. Upon activation of TLR, MyD88 is
recruited to TLR domains and links TLR with the downstream intracellular signaling cascades,
leading to the induction of many key cytokines.

Now, we have first demonstrated the expression of CD14, TLR4, and MyD88 mRNA in the
rat SCs. TLR4 is specifically activated by the endotoxin LPS and its stimulation leads to the
activation of MAPKs, which regulate the expression of TNF-a as well as several other immune
response genes. Therefore, cultured SCs express membrane receptors and do possess the
needed intracellular mechanism to trigger an innate immune response to bacterial LPS.

TNF-o is the most important cytokine in the process of immune regulation and inflam-
mation. The precise mode of action of MAPK in SCs TNF-o production is not yet known. It
has been reported that gram-negative bacterial LPS is a potential inducer of TNF-o gene
expression, that the transcriptional activation of TNF-o is regulated in an NFxB-dependent
manner in monocytes and macrophages. Based on our results, the production of TNF-o was
significantly increased in SCs treated with LPS and ERK, P38, and SAPK/JNK mediated TNF-
o synthesis through transcriptional regulation. Moreover, TNF-« is a pleiotropic cytokine that
can cause either beneficial or detrimental properties through its proinflammatory and proa-
poptotic effects in various cell types (Aggarwal 2003). It is still not entirely clear whether SCs
protect or harm neurons and whether TNF-« is beneficial or toxic. Recent reports indicate that
the dual actions of TNF-o are mediated via different TNF receptors (TNFR), with the TNFR1
eliciting neurotoxic effects and the TNFR2 eliciting neuroprotection (Yang et al. 2002).
Interestingly, these two receptors have been shown to have similar specific roles in oligo-
dendrocytes, with TNFR1 being implicated in demyelination and TNFR2 in remyelination
(Arnett et al. 2001).

Traditionally, it seems that PNS is protected by the blood—nerve barrier from bacterial
assault. However, the PNS is not completely sheltered from bacteria. As a prototypical
example, Mycobacterium leprae, the causative agent of leprosy, acts specifically on SCs to
induce their apoptosis and causes nerve damage. M. leprae has a remarkable affinity to SCs,
the molecular basis of which has been elucidated recently: M. leprae binds specifically to the G
domain of the extracellular matrix protein laminin-2, which ligates to o/f-dystroglycan
receptor-complexes on myelinating SCs (Ng et al. 2000). Thus, M. leprae has illustrated the
interactions between matrix- and cytoskeletal-linked glycoproteins to target and infect SCs.
Very interestingly, SCs express TLR2, which seems to be responsible for the ability of M.
leprae to induce SCs apoptosis (Oliveira et al. 2003). The infancy of the knowledge of the
mammalian TLR family as key molecules of the innate immunity probably narrow our vision
of the relevance of these molecules in SCs. However, further studies are still needed to
determine whether TLRs are expressed on SCs in vivo, as they are regarded as important items
of the panoply used by SCs to regulate local inflammatory responses.

In summary, we demonstrated that SCs responded to LPS stimulation, involving the acti-
vation of MAPK activity and TNF-« expression, induction of CD14, TLR4, and MyD88. More
studies are needed to clarify whether the transcriptional activation of TNF-« is regulated in an
NF-kB or AP-1-dependent manner. It is notable that our investigation was carried out by cell
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Fig. 7 Effects of inhibitors of MAPKs on TNF-o synthesis in SCs. The cells were pretreated with various
concentrations of PD98059 (30, 50, and 70 pM), SB202190 (10, 20, and 40 pM), and SP600125 (10, 30, and
50 uM) for 60 min and then stimulated with LPS for 2 h. The intracellular TNF-« (A, C, E) and TNF-o mRNA
(B, D, F) contents were measured by ELISA and RT-PCR, respectively

culture in vitro. However, in vivo, the results should be further confirmed, ideally with human
SCs, in order to signify the importance of SCs response to inflammation of peripheral nerve
after injury. Activation of MAPKs pathways might be a precondition for the inducement of
TNF-o expression. Reducing the biosynthesis of TNF-o and other cytokines by blocking the
cell signal pathway may give us a new strategy against inflammatory and immune reaction
after injury of peripheral nerve.

Acknowledgments This work was supported by the National Natural Science Foundation of China (NSFC);
grant numbers: 30300099, 30500153, 30770488.

References

Aggarwal BB (2003) Signalling pathways of the TNF superfamily: a double-edged sword. Nat Rev Immunol
3:745-756

Arndt PG, Suzuki N, Avdi NJ, Malcolm KC, Worthen GS (2004) Lipopolysaccharide-induced c-Jun NH2-
terminal kinase activation in human neutrophils: role of phosphatidylinositol 3-kinase and Syk-mediated
pathways. J Biol Chem 279:10883-10891

Arnett HA, Mason J, Marino M, Suzuki K, Matsushima GK, Ting JP (2001) TNF-o promotes proliferation of
oligodendrocyte progenitors and remyelination. Nat Neurosci 4:1116-1122

Brockes JP, Fields KL, Raff MC (1979) Studies on cultured rat Schwann cells. Establishment of purified
populations from cultures of peripheral nerve. Brain Res 165:105-118

Caramalho I, Lopes-Carvalho T, Ostler D, Zelenay S, Haury M, Demengeot J (2003) Regulatory T-cells
selectively express toll-like receptors and are activated by lipopolysaccharide. J Exp Med 197:403—411

Czlonkowska A, Ciesielska A, Gromadzka G, Kurkowska-Jastrzebska I (2005) Estrogen and cytokines
production—the possible cause of gender differences in neurological diseases. Curr Pharm Des 11:1017—
1030

Diks SH, Richel DJ, Peppelenbosch MP (2004) LPS signal transduction: the picture is becoming more complex.
Curr Top Med Chem 4:1115-1126

Jenner RG, Young RA (2005) Insights into host responses against pathogens from transcriptional profiling. Nat
Rev Microbiol 3:281-294

@ Springer



Cell Mol Neurobiol (2007) 27:909-921 921

Jiang Z, Georgel P, Du X, Shamel L, Sovath S, Mudd S, Huber M, Kalis C, Keck S, Galanos C, Freudenberg M,
Beutler B (2005) CD14 is required for MyD88-independent LPS signaling. Nat Immunol 6:565-570

Ng V, Zanazzi G, Timpl R, Talts JF, Salzer JL, Brennan PJ, Rambukkana A (2000) Role of the cell wall phenolic
glycolipid-1 in the peripheral nerve predilection of Mycobacterium leprae. Cell 103:511-524

Oliveira RB, Ochoa MT, Sieling PA, Rea TH, Rambukkana A, Sarno EN, Modlin RL (2003) Expression of toll-
like receptor 2 on human Schwann cells: a mechanism of nerve damage in leprosy. Infect Immun 71:1427—
1433

Orlikowski D, Chazaud B, Plonquet A, Poron F, Sharshar T, Maison P, Raphael JC, Gherardi RK, Creange A
(2003) Monocyte chemoattractant protein 1 and chemokine receptor CCR2 productions in Guillain-Barre
syndrome and experimental autoimmune neuritis. J Neuroimmunol 134:118-127

Peavy DL, Baughn RE, Musher DM (1978) Strain-dependent cytotoxic effects of endotoxin for mouse peritoneal
macrophages. Infect Immun 21:310-319

Schaefer L, Babelova A, Kiss E, Hausser HJ, Baliova M, Krzyzankova M, Marsche G, Young MF, Mihalik D,
Gotte M, Malle E, Schaefer RM, Grone HJ (2005) The matrix component biglycan is proinflammatory and
signals through toll-like receptors 4 and 2 in macrophages. J Clin Invest 115:2223-2233

Shamash S, Reichert F, Rotshenker S (2002) The cytokine network of Wallerian degeneration: tumor necrosis
factor-alpha, interleukin-1alpha, and interleukin-1beta. J Neurosci 22:3052-3060

Suzuki S, Singhirunnusorn P, Nakano H, Doi T, Saiki I, Sakurai H (2006) Identification of TNF-alpha-
responsive NF-kappaB p65-binding element in the distal promoter of the mouse serine protease inhibitor
SerpinE2. FEBS Lett 580:3257-3262

Tang X, Marciano DL, Leeman SE, Amar S (2005) LPS induces the interaction of a transcription factor, LPS-
induced TNF-alpha factor, and STAT6 (B) with effects on multiple cytokines. Proc Natl Acad Sci USA
102:5132-5137

Tang X, Metzger D, Leeman S, Amar S (2006) LPS-induced TNF-alpha factor (LITAF)-deficient mice express
reduced LPS-induced cytokine: evidence for LITAF-dependent LPS signaling pathways. Proc Natl Acad
Sci USA 103:13777-13782

Uematsu S, Akira S (2006) Toll-like receptors and innate immunity. J Mol Med 84:712-725

Wagner R, Myers RR (1996) Schwann cells produce tumor necrosis factor alpha: expression in injured and non-
injured nerves. Neuroscience 73:625-629

Yang L, Lindholm K, Konishi Y, Li R, Shen Y (2002) Target depletion of distinct tumor necrosis factor receptor
subtypes reveals hippocampal neuron death and survival through different signal transduction pathways. J
Neurosci 22:3025-3032

@ Springer



	Induction of TNF-&agr; by LPS in Schwann Cell is Regulated by MAPK Activation Signals
	Abstract
	Introduction
	Materials and Methods
	SC Culture and Treatment
	Detection of Intracellular and Extracellular TNF-&agr; by ELISA
	Cell Death Assay
	RNA Isolation and Reverse Transcriptase PCR (RT-PCR) Analysis
	Immunoblot Analysis
	Immunocytochemistry

	Results
	LPS Induces the Expression of TNF-&agr; mRNA and Protein in SCs
	Effects of LPS on Cell Viability
	LPS Modulates the Expression of CD14, TLR4, and MyD88 in SCs
	LPS Activates the MAPKs and Effect of MAPKs Inhibitors on LPS-induced Phosphorylated MAPKs in SCs
	The Effects of MAPK Inhibitors on TNF-&agr; Synthesis Induced by LPS

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


