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The lipoteichoic acid (LTA) of Staphylococcus aureus (aLTA) and Lactobacillus plantarum (pLTA)
engage the same toll-like receptor 2 (TLR2) signaling pathway but exert different effects on innate
immunity and inflammation. The mechanisms underlying these differential effects are not yet
clear. Human oligonucleotide microarrays were used to investigate the transcriptome of human
THP-1 monocytes upon exposure to aLTA or pLTA, and differential gene expression profiles were
observed between the aLTA- and pLTA-treated cells. The expression level of 1,302 genes in aL.TA-
treated cells increased more than 2-fold; some of which have been implicated in immune or
inflammatory responses, cell adhesion, cell signal transduction, transcription factors, anion
transport, proteolysis, and oxidative processes. Particularly, a variety of genes that encode
cytokines and chemokines, and TLR signaling-related molecules belonging to the tumor necrosis
factor receptor-associated factor (TRAF), nuclear factor-kappa B, and signal transducer and
activator of transcription families were remarkably up-regulated by aLTA stimulation. In contrast,
PLTA treatment altered the expression of only 90 genes by more than 1.5-fold, and these genes
were not correlated with innate immunity, inflammation or other related processes. The different
effects mediated by aLTA and pLTA were further verified and compared by analysis of the
expression of a selected group of genes, including TRAFs and some cytokines and chemokines,
using real time-polymerase chain reaction and ELISA. These data suggest that aLTA and pLTA
have different immunomodulatory potentials. Compared with pLTA, aLTA is a stronger
stimulator and impacts the expression of many innate immunity- and/or inflammation-related
genes.
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Introduction

Although both Staphylococcus aureus and Lactobacillus
plantarum are Gram-positive bacteria, they have different
physiological effects on human innate immunity and
inflammation. S. aureus is a common pathogen and is a
known etiological agent of Gram-positive bacterial
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sepsis, whereas L. plantarum is nonpathogenic and is
regarded as a health-promoting probiotic that inhabits the
growth of harmful bacteria in the normal human intestine.
Many studies suggest that lactobacilli have anticarcinogenic
activities and play important roles not only in regulating
the immune system [Grangette et al., 2005; Mohamadzadeh
et al., 2005] but also in protecting against intestinal
infection and lowering total blood cholesterol level
[Bloksma et al., 1979; Ha et al., 2006; Lee and Lee,
2006]).

The immunostimulating component of Gram-positive
bacteria is lipoteichoic acid (LTA). LTA is the major
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pathogen-associated molecular pattern (PAMP) of Gram-
positive bacteria that mediates innate immunity and
inflammatory responses [Seo et al., 2008] in a fashion
similar to the recognition of lipopolysaccharide (LPS) in
Gram-negative bacterial sepsis [Ginsburg, 2002]. Toll-
like receptor (TLR) 2 is a cognate pattern recognition
receptor (PRR) for the LTA ligand in inflammatory
responses to Gram-positive bacteria [Takeuchi et al,
2000; Schroder er al., 2003]. Like LPS, LTA from
pathogenic Gram-positive bacteria such as S. aureus,
Streptococcus pneumoniae, and Staphylococcus epidermidis
have been shown to activate monocytes, macrophages,
and induce the secretion of proinflammatory cytokines
including tumor necrosis factor alpha (TNF-a), interleukin-1
beta (IL-1PB), IL-6, and IL-8 [Mattsson et al, 1993;
Standiford et al., 1994; Ellingsen et al., 2002]. While
strong immune responses are seen after challenge with
pathogenic Gram-positive bacteria, the probiotic L.
plantarum LTA (pLTA) only induces TNF-a production
at low levels compared to S. aureus LTA (aLTA).
Moreover, pLTA was shown to efficiently inhibit aLTA-
or LPS-induced TNF-a secretion, resulting in a high
survival rate among mice subjected to endotoxic shock
[Kim et al, 2008a; 2008b]. These results indicate
physiological and functional differences in the LTAs of
pathogenic and nonpathogenic Gram-positive bacteria,
even though they activate the common TLR2 signaling
pathway when interacting with innate immune and
inflammatory responses [Han ef al., 2003; Kim et al.,
2007].

Efforts to utilize probiotics in regulating the immune
system and treating gastrointestinal diseases have led to
clinical trials using various L. plantarum strains
[Georgieva et al., 2008]. The beneficial and protective
properties of certain probiotic Gram-positive bacteria
may be mainly due to the LTA present in their cell walls.
The key modulator necessary for monocyte stimulation is
the LTA anchor that contains two fatty acids and a
glycerophosphate backbone with D-alanine substituents
[Deininger et al., 2003]. Structural differences in the
LTAs from diverse species, particularly in D-alanine
content, have been shown to elicit different immunological
responses [Grangette et al., 2005; Velez et al., 2007]. In
light of these findings, it was proposed that differences in
the chemical structures of al.TA and pLTA contribute to
the differential immunostimulatory effects of S. aureus
and L. plantarum.

Although pLTA might have the potential to be used as a
therapeutic agent for LPS- or aL.TA-induced septic shock,
further investigation is needed to understand the molecular
events triggered by pLTA-TLR2 interaction on host
immune cells [Kim ef al., 2008a; 2008b]. Whereas LPS-

induced cell responses have been characterized [Malcolm
et al, 2003], the gene expression profile of human
monocytes exposed to al.TA remains incompletely defined.
Therefore, in the present study human oligonucleotide
DNA microarrays were used to identify genes that are
differentially expressed in human acute monocytic
leukemia cell line (THP-1) in response to aL.TA or pLTA
exposure, and the results revealed that aL’TA exposure
induced a more robust gene expression response than
pLTA exposure. These findings provide valuable clues as
to the differences in the cellular mechanisms by which
aLTA and pLTA execute their functions in innate
immunity and inflammation.

Materials and Methods

Cell culture. Human monocytic THP-1 cells were
maintained in RPMI 1640 medium supplemented with
5% fetal bovine serum, 2 mM L-glutamine, penicillin
(100 U/mL), and streptomycin (100 pg/mL) at 37°C in a
humidified 5% (v/v) CO, incubator. The cells were
passaged every 3 days.

Cell stimulation and RNA isolation. For total RNA
isolation, THP-1 cells were seeded at 5x10°/mL in 6-well
tissue culture plates and stimulated for 6 h with highly
purified and structurally intact al.TA (25 pg/mL) prepared
from S. aureus or pLTA (25 pg/mL) from L. plantarum,
as described previously [Kim et al, 2007; 2008a].
Untreated cells were seeded in three wells and used as the
control. In al.TA- or pLTA-treated cells, three replicates
were performed for each sample, and each replicate
consisted of three wells. After stimulation, total cellular
RNA was extracted from THP-1 cells using RNA
Isolation Solvent RNA-Bee (TEL-TEST, Friendswood,
TX), according to the manufacturer’s protocol. Equal
amounts of total RNA from each of the three wells of the
control or the alLTA- or pLTA-treated samples were
pooled. The amount and quality of RNA were determined
spectrophotometrically and assessed by agarose gel
electrophoresis. Samples with intact 18S and 28S rRNA
peaks were used for cDNA microarray and real time-
polymerase chain reaction (RT-PCR) analyses.

Preparation of the DNA microarray. A human
genome 70-mer oligonucleotide microarray was obtained
from CapitalBio Corporation (Beijing, China) [Guo et al.,
2005; Patterson et al., 2006]. Briefly, a human genome
oligonucleotide set (ver. 2.0) consisting of 70-mer probes
and representing 21,522 Homo sapiens genes was
purchased from Operon (Huntsville, AL). The
oligonucleotides were dissolved in EasyArray™ spotting
solution (CapitalBio Corp.) and printed on a
PolymerSlide (CapitalBio Corp.). The slide consisted of
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48 blocks, and each block had 22 columns and 22 rows.

Human oligonucleotide microarray analyses. Pooled
total RNA extracted from normal THP-1 cells (control
sample) or cells stimulated with aLTA or pLTA were
analyzed with the 22K human oligonucleotide DNA
microarray. Double-stranded cDNAs (containing the T7
RNA polymerase promoter sequence) were synthesized
from 1 pg total RNA using CbcScript reverse transcriptase
and the cDNA synthesis system, according to the
manufacturer’s protocol (CapitalBio Corp.), together with
the T7 Oligo (dT). The cDNA labeled with a fluorescent
dye (Cy5 and Cy3-dCTP) was prepared by the Eberwine
linear RNA amplification method and subsequent
enzymatic reaction as described previously [Guo et al.,
2005]. The labeled cDNAs were then used for hybridization
with the 22 K human oligonucleotide DNA microarray.
Two microarray analyses were performed per sample
using a dye-swap procedure to help minimize error due to
fluor-associated bias. The DNA microarrays were
scanned using a confocal LuxScan™ scanner, and the
obtained images were analyzed using the LuxScan™ 3.0
software (both obtained from CapitalBio Corp.). Space-
and intensity-dependent normalization of the data based
on the LOWESS program was performed [Yang et al.,
2002].

Real-time PCR. cDNA was generated from THP-1
cell total RNA using the ImProm-II'TM reverse transcription
system (Promega, Madison, WI) according to the
manufacturer’s instructions. Relative mRNA levels were
determined using the ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Carlsbad, CA),
and the PCR products were detected with SYBR Green
(BioRad, Hercules, CA). Mean relative mRNA expression
was calculated from three replicate assays and expressed
as the fold-increase relative to mRNA levels of untreated
cells. mRNA expression was normalized to that of -
actin.

ELISA assays. THP-1 cells were incubated in the
presence or absence of aLTA (25 nug/mL) or pLTA (25 ng/
mL) for 16 h. After treatment, the culture supernatants
were removed and assayed for cytokine production by
standard sandwich ELISA. All antibody pairs used to
measure TNF-o, IL-6, IL-8, and CCL20 levels were
purchased from R&D Systems (Minneapolis, MN).
Cytokine levels were determined according to the
manufacturer’s instructions. Cytokine concentrations
were calculated using standard curves generated from
recombinant cytokines, and the results were expressed in
ng/mL.

Statistical analysis. All experiments were performed in
triplicate and the presented data are representative results
of the means+ SD. An unpaired #-test was used to

determine the significance of the difference between two
datasets. A p <0.05 was considered statistically significant.

Results

Differential gene expression profiles in aLTA- and
pLTA-treated THP-1 cells. In the present study, two
highly pure and intact LTAs were used as stimulants;
aL’TA was extracted from pathogenic S. aureus and pLTA
prepared from the probiotic L. plantarum. THP-1 cells
were treated with either aLTA or pLTA, and the gene
expression profiles were analyzed using human oligo
microarrays. In al.TA-treated cells, the expression of
1302 genes differed from that in unstimulated controls by
more than 2-fold. Of these, 569 genes were up-regulated
and 733 were down-regulated in response to alTA.
Detailed gene expression profile information for aL’TA-
treated cells is provided in Table S1 (supplemental data).
In contrast, pLTA treatment resulted in a less robust gene
expression profile compared to aLTA. Only 90 genes
were expressed at greater than a 1.5-fold change over
control cells; 75 of these genes were up-regulated,
whereas 15 were down-regulated (Table S2). Hierarchical
cluster analysis clearly demonstrated the different gene
expression profiles of THP-1 cells stimulated with aLTA
or pLTA (Fig. 1), illuminating the striking effect of alL.TA
treatment on gene expression compared to pLTA.

Although most genes were differentially expressed
between aL.TA- and pLTA-treated cells, 4 genes were up-
regulated and 9 genes were down-regulated by both alL.TA
and pLTA; however, the expression levels of these genes
differed between the groups. In addition, 18 genes were
inversely regulated by the two LTA treatments. The
alpha-2A adrenergic receptor (ADRA2A), metalloproteinase
inhibitor 3 (TIMP3), a disintegrin and metalloproteinase
with thrombospondin motifs 1 (ADAMTSI), phos-
phatidylinositol-4-phosphate ~ 5-kinase type-1 beta
(PIP5K1B), dickkopf-related protein 2 (DKK-2), Rho
GTPase activating protein 26 (ARHGAP26), interleukin-1
receptor accessory protein (/L 1RAP), carnitine palmitoyl-
transferase [ (CPT1A4), cyclin-G1 (CCNGI), NP_006451,
T cell receptor gamma variable 9 (TRGV9), hypothetical
protein LOC147343 (homo sapiens), SWI/SNF related,
matrix associated, actin dependent regulator of chromatin,
subfamily a, member 2 (SMARCA2), and tribbles
homolog 3 (TRIB3) genes were up-regulated in response
to pLTA, but down-regulated by alTA treatment.
Similarly, zinc finger CCHC domain-containing protein 2
(ZCCHC(C2) and inhibitor of DNA binding 2B (/D2B)
were up-regulated in alTA-treated cells, but down-
regulated in pLTA-stimulated cells (Table S2). The
inverse regulation of these genes may impart the different
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Fig 1. Hierarchical cluster analysis of differentially expressed genes in THP-1 cells stimulated with aLTA (25 pg/mL) or
pLTA (25 pg/mL) for 6 h. Genes were categorized into two distinct groups: 1) regulated by al.TA treatment and contained three
repeats, i.e., al, a2, and a3; and 2) regulated by pLTA treatment and contained three repeats, i.e., p1, p2, and p3. Cluster analysis
was performed using the publicly available Cluster and TreeView software. Log2-calibrated ratios were clustered with uncentered
correlation coefficients and average intercluster linkages. Color in the cluster heat map represents the extent of differential
expression: red, induced; green, repressed; and black, unchanged. Branch length in the dendrogram denotes the degree of

similarity between clusters.

immunological effects of alLTA and pLTA on the innate
immune and inflammatory responses.

aLTA is a major agonist of the innate immune
response and inflammation. Analysis of the
oligonucleotide microarrays clarified that al.TA is the key
immune-stimulating component of pathogenic S. aureus.
The genes most highly up-regulated in aLTA-treated cells
were those associated with cytokines and chemokines and
other innate immune response-related molecules, including
IL1, nuclear factor-kappa B1 (NF-xB1), and signal
transducer and activator of transcription 4 (STAT4)
(complete list in Table 1). Compared with aLTA, pLTA
stimulation had little to no effect on the expression of
genes responsible for innate immunity and inflammation
(Table S2). These data suggest that L. plantarum, which
is known as a beneficial microbe for human health, could
not induce the expression of genes involved in innate
immunity or inflammatory responses.

Confirmation of microarray data by RT-PCR and
ELISA assays. To verify results of the microarray analysis,
RT-PCR was performed to confirm the differential
expression of TRAFs. Of the 6 TRAF family members,
TRAFI, 2, and 3 were up-regulated by aL.TA, but not by
pLTA. Moreover, TRAF1 was the most highly induced
gene in alLTA-treated cells (Fig. 2). These RT-PCR
analysis results were consistent with those obtained from
the microarray expression studies.

ELISA assays were used to validate the DNA chip
assay results, in which the gene expression of several
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Fig 2. Gene expression changes observed on microarray
analysis (Array) and those determined by RT-PCR. THP-
1 cells were stimulated with pLTA (25 pg/mL) or alLTA
(25 pg/mL) for 6 h prior to cell lysis. Total RNA was
extracted and reverse transcribed into cDNA. mRNA levels
of the TRAF family genes were quantitatively measured by
microarray analysis and RT-PCR, and results are expressed as
the fold induction relative to the control. The data shown for
RT-PCR represent the mean + SD of triplicate experiments
and were normalized to B-actin. *p <0.05, ***p<0.001
compared to pLTA-treated THP-1 cells.

cytokines and chemokines, including IL-1a, IL-1f, IL-
23a, IL-6, IL-8, TNF-a, CCL2, and CCL20, were
markedly induced by al.TA, but not by pLTA treatment
(Table 1, S2). Among these cytokines and chemokines,
TNF-a, IL-6, IL-8, and CCL20 were selected in order to
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Fig 3. Differential effects of pLTA and aLTA treatment on
the production of TNF-a, IL-6, IL-8, and CCL-20 in
THP-1 cells. THP-1 cells were stimulated with pLTA (25 pg/
mL) or aLTA (25 pg/mL) for 18 h. Untreated cells were used
as the control (CK). ELISA experiments were used to
measure TNF-a, IL-6, IL-8, and CCL-20 levels in the culture
supernatants. Data represent the mean=+SD of triplicate
experiments. ND, not detectable. ***p <0.001 compared to
CK- or pLTA-treated cells.

investigate the effects of aLTA and pLTA treatment on
their secretion in THP-1 cells via ELISA. The results
showed that al.TA treatment significantly induced the
secretion of TNF-a, IL-6, IL-8, and CCL20, whereas
pLTA treatment induced low levels of TNF-a, IL-8, and
CCL20 and barely affected IL-6 secretion (Fig. 3). The
ELISA data further confirmed that of the DNA chip
analysis, in which the mRNA levels of TNF-q, IL-6, IL-
8, and CCL20 were significantly elevated in the aLTA-
but not in pLTA-treated cells.

Discussion

LTA is a structural component in the cell wall of both
pathogenic and nonpathogenic Gram-positive bacteria;
however, LTAs from different Gram-positive species are
found to differ in the chemical composition of repeating
units in their polymeric backbone [Fischer et al., 1990;
Behr et al., 1992; Greengerg et al., 1996]. Recent reports
on discrepancies in the immunological behavior of LTAs

from different pathogenic Gram-positive species might
be explained on the basis of these differences in LTA
chemical structure [Bhakdi ef al., 1991; Han et al., 2003;
Schroder et al., 2003]. Our results indicate that two
different LTAs purified from the pathogenic S. aureus
(aLTA) and the probiotic L. plantarum (pLTA) have very
different effects on cellular responses. Compared to
pLTA, aLTA alters gene expression to a greater extent and
is a stronger inducer of proinflammatory cytokines. The
differentially expressed genes in aL’TA-treated cells were
shown to be involved in the immune and inflammatory
responses, cytoskeleton, cell adhesion, cell cycle, cell
signal transduction, transcription factors, anion transport,
proteolysis, and oxidative processes. These results shed
light on further research opportunities to investigate
genes involved in the pathogenesis of S. aureus.

Although studies indicate that LTAs from different
Gram-positive bacteria exhibit distinct immunostimulatory
effects [Han et al., 2003; Schroder ef al., 2003; Kim et al.,
2008a; 2008b], little is known about their underlying
mechanism(s). The differential gene expression profiles
observed in aLTA- and pLTA-treated cells illustrate the
diversity of the immunological properties of different
LTAs. As an analog of LPS, aL'TA is a much more potent
agonist than pLTA and induces a more robust and varied
gene expression. In al'TA-treated cells, genes that were
significantly up-regulated encode cytokines and chemokines
and other immune-related molecules, such as IL-1, IL-8,
TNF-o, CCL20, NF-xB1, NF-kB2, STAT4, STATSA,
TRAF1 and interleukin-1 receptor-associated kinase-like
(IRAK) 2. These results further confirm the observation
that aLTA is the main factor responsible for Gram-
positive bacteria-induced sepsis, similar to LPS from
Gram-negative bacteria [Ginsburg, 2002]. In comparison
with aLTA treatment, pLTA had a marginal effect on the
gene expression profile and had little effect on gene
expression of immune or inflammatory response-related
molecules in THP-1 cells. These studies support the
suggestion that LTA from the probiotic L. plantarum
could be used as a safe and promising therapeutic agent
for curing septic shock [Kim ef al., 2008a].

Like LPS, al.TA stimulated the secretion of cytokines
and chemokines through the regulation of many immune-
response molecules, such as NF-kB, activator protein 1
(AP-1),STAT, TRAF, and IRAK that are indispensable
and play important roles in the LTA-triggered TLR2
signaling pathway [Beutler, 2004; Fujioka et al., 2004;
Miggin and O’Neill, 2006]. The NF-xB family includes
members of inducible proteins that regulate gene expression
events involved in immune responses, cell survival,
differentiation, and proliferation. This family consists of
five members-V-rel reticuloendotheliosis viral oncogene
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Table 1. Some up-regulated genes mainly related with innate immune/inflammatory responses in the aLTA-treated THP-1
cells*

Gene Name

Description

Accession No

Fold Change

Cytokine/chemokine and receptor

ILla Interleukin 1 alpha precursor NM_000575 17.8
IL1B Interleukin-1 beta precursor NM_000576 42.8
IL6 Interleukin 6 precursor NM_000600 3.1
IL8 Interleukin 8 precursor M17017 34.1
IL23a Interleukin 23,alpha subunit p19 precursor NM_016584 34.7
CCL2 Small inducible cytokine A2 precursor NM_002982 32.1
CCL20 Small inducible cytokine A20 precursor NM_ 004591 19.5
TNF-a Tumor necrosis factor precursor NM_0005%4 9.2
TNFRSFS5 TNF receptor superfamily member 5 precursor NM 001250 11.2
CXCL1 Chemokine (C-X-C motif) ligand 1 NM_001511 5.5
ICAM1 Intercellular adhesion molecule 1 (CD54) NM_ 000201 13.7
IL10Ra Interleukin-10 receptor alpha chain precursor NM_ 001558 9.1
ILI5SRa Interleukin 15 receptor alpha isoform 1 precursor NM 172200 15.7
Signal transduction

STAT1 Signal transducer and activator of transcription 1 NM 007315 2.1
STAT4 Signal transducer and activator of transcription 4 NM 003151 13.2
STATSA Signal transducer and activator of transcription SA NM 003152 22.0
DUSP2 Dual specificity protein phosphatase 2 NM_004418 10.7
DUSP4 Dual specificity protein phosphatase 4 NM_001394 9.2
DUSP6 Dual specificity protein phosphatase 6 NM 001946 5.1
IFITM11 Interferon-induced transmembrane protein NM 003641 8.3
GADD45p Growth arrest and DNA-damage-inducible 45 beta NM 015675 4.6
Transcriptional regulation

NF-xB1 Nuclear factor NF-kappa-B p105 subunit NM_003998 23.7
NF-xB2 Nuclear factor NF-kappa-B p100 subunit NM 001077493 20.6
REL C-Rel proto-oncogene protein NM_002908 7.2
Rel B V-rel reticuloendotheliosis viral oncogene homolog B M83221 4.2
NFKBIA NF-kappaB inhibitor alpha NM_020529 6.5
IRF1 Interferon regulatory factor 1 NM 002198 23
IRF7 Interferon regulatory factor 7 NM_001572 10.8
Adaptor and other molecules

SH2B2 SH2 and PH domain-containing adapter protein APS NM_020979 23
TRAF1 SH2 and PH domain-containing adapter protein APS NM_005658 27.5
TRAF3 TNF receptor associated factor-3 AF110908 2.8
TNFAIP3 TNF alpha-induced protein 3 NM_ 006290 15.2
MyD88 Myeloid differentiation primary response protein NM_002468 2.5

*The data of genes changed more than 2.0-fold in the aLTA-treated cells are available in the supplemental material, Table

S1.

homolog (Rel) A (p65), NF-kB1 (p50), NF-kB2, C-Rel,
and RelB [Hayden and Ghosh, 2008]. In the present
study, the gene expression of all NF-kB family members,
except for RelA, was significantly up-regulated in aLTA-
treated cells in comparison with pLTA-treated cells (Table
1). Similarly, NF-xB activity was also markedly increased
by alTA treatment (data not shown). Higher NF-«B
expression level and activity in aLTA-treated cells result
in increased cytokine production, because the secretion of

many cytokines, such as IL-8 and TNF-a, is mostly NF-
kB-dependent [Matsusaka ef al., 1993]. Although NF-xB
activity is mainly regulated by the interaction of the
molecule with a family of NF-kB inhibitors known as
inhibitor of kappa B (IkB) [Baeuerle and Baltimore,
1998], transcriptional up-regulation of NF-kB could increase
their protein levels and promote cytokine secretion in
al TA-treated cells. Conversely, it is intriguing that alL.TA
also induces the expression of genes that encode negative
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regulators of NF-kB, such as tumor necrosis factor,
alpha-induced protein 3 (7NFAIP3: A20) and nuclear
factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, alpha (NFxBIA: IkBa), similar to LPS [Jang et
al., 2009]. Collectively, these data suggest that alLTA
stimulation could simultaneously activate pro- and anti-
inflammatory pathways, which may facilitate the maintenance
of the innate immune response or inflammation.

TRAF proteins are critical intermediates in almost all
NF-kB signaling pathways and are believed to be
important regulators of cell death and cellular responses
to stress [Bradley and Pober, 2001]. The present study
demonstrated that TRAF1 was only up-regulated in
alTA-treated cells. The remarkably increased expression
of TRAF1 in aLTA-treated cells suggests that TRAF1
could be an essential mediator in alTA-elicited TLR2
signaling and could possibly be involved in S. aureus-
induced septic shock. Since TRAF proteins are expressed
in a regulated fashion in normal and diseased tissues, and
each family member could play a distinctive role [Chung
et al., 2002; Oyoshi et al., 2008], it is important to
understand the mechanisms by which TRAF proteins are
regulated in physiological and pathological processes and
the involvement of these proteins in cytokine and
chemokine secretion.
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