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Mediators of inflammation induced by macrophages are
critical for a variety of human inflammatory disorders, such
as sepsis-related multiple organ dysfunction/multiple organ
failure, microbial infection, acute brain/lung/hepatic/renal
injuries, neurodegenerative disorders, tumorigenesis, osteo-
porosis/osteonecrosis, cardiovascular and metabolic dis-
eases, and autoimmune diseases. Most of these cases are
proinflammatory and pathogenic for disease progression,
once activated macrophages actively secrete and cause an
imbalance of cytokines, chemokines, and mediators of
inflammation. The primary focus of this special issue is on
the current and updated knowledge of macrophage-mediated
inflammatory disorders, particularly on the pathogenesis of
the macrophage activation syndrome, mediators of inflam-
mation and anti-inflammation, and strategies against such
effects. Lots of papers were submitted and reviewed by Editors
and Reviewers, and twenty-four papers are accepted for
publication. The brief introductions of these papers are as
follows.

Due to the profile of released mediators (such as cy-
tokines, chemokines, and growth factors), neoplastic cells
modulate the activity of immune system, directly affecting
its components both locally and peripherally. A. Eljaszewicz
et al. reviewed, in the paper entitled “Collaborating with
the enemy: function of macrophages in the development of
neoplastic disease,” the specific functions of macrophages in
the development of neoplastic disease.

The study called “Regulatory role of GSK-3/3 on NF-xB,
nitric oxide, and TNF-« in group A streptococcal infection,”
investigates the interaction between GSK-3f, NF-«B, and
possible related inflammatory mediators in vitro and in a

mouse model. The results revealed that GAS could activate
NF-«B, followed by an increased expression of inducible
nitric oxide synthase (iNOS) and NO production in a murine
macrophage cellline. Y.-T. Chang et al. demonstrated that the
inhibition of GSK-3f to moderate the inflammatory effect
might be an alternative therapeutic strategy against GAS
infection.

During the early and short inflammatory phase, ma-
crophages exert proinflammatory functions like antigen-
presenting phagocytosis and the production of inflammatory
cytokines and growth factors that facilitate the resolution
of inflammation. However, persistence of proinflammatory
activity and altered function of macrophages result in the
development of chronic inflammatory diseases such as AD. In
“Role of macrophages in the pathogenesis of atopic dermatitis,”
S. Kasraie and T. Werfel highlight the new findings on
dysregulated function of macrophages, the importance of
these cells in the pathogenesis of AD in general, and the
contribution of these cells in enhanced susceptibility against
microbial infections in particular.

C. E. Boorsma et al. in “Macrophage heterogeneity in res-
piratory diseases” provided an overview of what macrophage
phenotypes have been described, what their known functions
are, what is known about their presence in the differ-
ent obstructive and restrictive respiratory diseases (asthma,
COPD, and pulmonary fibrosis), and how they are thought
to contribute to the etiology and resolution of these diseases.

In asthma, an important role for innate immunity is
increasingly being recognized. Key innate immune cells in the
lungs are macrophages. In “Characterization of macrophage
phenotypes in three murine models of house-dust-mite-induced



asthma” C. Draijer et al. demonstrated the balance between
macrophage phenotypes changes as the severity of allergic
airway inflammation increases. Influencing this imbalanced
relationship could be a novel approach to treat asthma.

Neuropathic syndromes which are evoked by lesions
to the peripheral or central nervous system are extremely
difficult to treat, and available drugs rarely joint an an-
tihyperalgesic effect with a neurorestorative effect. N-Pal-
mitoylethanolamine (PEA) exerts antinociceptive effects in
several animal models and inhibits peripheral inflammation
in rodents. In “Palmitoylethanolamide is a disease-modifying
agent in peripheral neuropathy: pain relief and neuroprotection
share a PPAR-alpha-mediated mechanism” these results from
L. D. C. Mannelli et al. strongly suggest that PEA, via a PPAR-
a-mediated mechanism, can directly intervene in the nervous
tissue alterations responsible for pain, starting to prevent
macrophage infiltration.

Several studies have provided evidence with regard to
the neuroprotection benefit, so hyperbaric oxygen (HBO)
therapy incases stroke, and HBO also promotes bone marrow
stem cells (BMSCs) proliferation and mobilization. In the
paper entitled “Long course hyperbaric oxygen stimulates neu-
rogenesis and attenuates inflammation after ischemic stroke”
Y.-S. Lee et al. find that mobilization of BMSCs to an ischemic
area is more improved in long course HBO treatments,
suggesting the duration of therapy is crucial for promoting
the homing of BMSCs to ischemic brain by HBO therapies.
HBO also can stimulate expression of trophic factors and
improve neurogenesis and gliosis.

Indoleamine 2,3-dioxygenase 1 (IDO1), the L-trypto-
phan-degrading enzyme, plays a key role in the immunomod-
ulatory effects on several types of immune cells. Originally
known for its regulatory function during pregnancy and
chronic inflammation in tumorigenesis, the activity of IDO1
seems to modify the inflammatory state of infectious diseases.
Y. Murakami et al., in “Remarkable role of indoleamine 2,3-
dioxygenase and tryptophan metabolites in infectious diseases:
potential role in macrophage-mediated inflammatory diseases,”
offer insights into new therapeutic strategies in the modula-
tion of viral infection and several immune-related disorders.

Effective repair of damaged tissues and organs requires
the coordinated action of several cell types, including infil-
trating inflammatory cells and resident cells. In “Macrophage
plasticity and the role of inflammation in skeletal muscle
repair;’ Y. Kharraz et al. summarize how ordered changes
in macrophage polarization, from M1 to M2 subtypes, can
differently affect muscle stem cell (satellite cell) functions. In
addition, they highlight some of the new mechanisms under-
lying macrophage plasticity and briefly discuss the emerging
implications of lymphocytes and other inflammatory cell
types in normal versus pathological muscle repair.

As a facultative intracellular pathogen, Staphylococcus
aureus invades macrophages and then promotes the cytopro-
tection of infected cells thus stabilizing safe niche for silent
persistence. This process occurs through the upregulation
of crucial antiapoptotic genes, in particular, myeloid cell
leukemia-1 (Mcl-1). In “The role of Mcl-1 in S. aureus-induced
cytoprotection of infected macrophages,” J. Koziel et al. report
that S. aureus is hijacking the Mcl-1-dependent inhibition of
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apoptosis to prevent the elimination of infected host cells,
thus allowing the intracellular persistence of the pathogen, its
dissemination by infected macrophages, and the progression
of staphylococci diseases.

The P2X7 purinergic receptor is a ligand-gated cation
channel expressed on leukocytes including microglia. This
study aimed to determine if P2X7 activation induces the
uptake of organic cations, reactive oxygen species (ROS)
formation, and death in the murine microglial EOCI3 cell
line. In “P2X7 receptor activation induces reactive oxygen
species formation and cell death in murine EOCI3 microglia,”
R. Bartlett et al. demonstrate P2X7 activation induces the
uptake of organic cations, ROS formation, and death in
EOCI3 microglia.

In “Pivotal roles of monocytes/macrophages in stroke” the
reports from T. Chiba and K. Umegaki suggest that inflamma-
tion might directly affect the onset of stroke. Microglial cells
and blood-derived monocytes/macrophages play important
roles in inflammation in both onset and aggravation of stroke
lesions.

Macrophages play crucial roles in atherosclerotic im-
mune responses. Recent investigation into macrophage au-
tophagy in atherosclerosis has demonstrated a novel path-
way through which these cells contribute to vascular in-
flammation. In “Macrophage autophagy in atherosclerosis,”
M. C. Maijuri et al. discuss the role of macrophages and
autophagy in atherosclerosis and the emerging evidence
demonstrating the contribution of macrophage autophagy to
vascular pathology. Finally, they show how autophagy could
be targeted for therapeutic utility.

Dexamethasone (Dex) has been used to reduce inflam-
mation in preterm infants with assistive ventilation and to
prevent chronic lung diseases. In “The role of glucocorticoid
receptors in dexamethasone-induced apoptosis of neuropro-
genitor cells in the hippocampus of rat Pups,” C.-I. Sze et
al. indicate early administration of Dex results in apoptosis
of neural progenitor cells in the hippocampus, and this is
mediated through glucocorticoid receptors.

Macrophages are innate immune cells derived from
monocytes, which, in turn, arise from myeloid precursor cells
in the bone marrow. Macrophages have many important roles
in the innate and adaptive immune response, as well as in
tissue homeostasis. In “Alternatively activated macrophages
in types 1 and 2 diabetes,” A. Espinoza-Jiménez et al. review
the advantages and disadvantages of two macrophage popu-
lations with regard to their roles in types 1 and 2 diabetes.

Macrophage migration inhibitory factor (MIF) is a proin-
flammatory cytokine, and the predictive role and pathogenic
mechanism of MIF deregulation during kidney infections
involving acute kidney injury (AKI) are not currently known.
In “Urinary macrophage migration inhibitory factor serves as
a potential biomarker for acute kidney injury in patients with
acute pyelonephritis,” M.-Y. Hong et al. showed that elevated
urinary MIF levels accompanied the development of AKI
during kidney infection in patients with acute pyelonephritis
(APN). An elevated urinary MIF level, along with elevated IL-
1 B and KIM-1levels, is speculated to be a potential biomarker
for the presence of AKI in APN patients.
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Peroxisome proliferator-activated receptors (PPARs) are
shown to modulate the pathological status of sepsis by
regulating the release of high mobility group box 1 (HMGBI),
a well-known late proinflammatory mediator of sepsis. In
“Activation of peroxisome proliferator-activated receptor y
by rosiglitazone inhibits lipopolysaccharide-induced release of
high mobility group box 1" J. S. Hwang et al. showed PPARs
play an important role in the cellular response to inflamma-
tion by inhibiting HMGBI release.

In the paper entitled “Macrophages, inflammation, and
tumor suppressors: ARF, a new player in the game,” P. G. Través
et al. provide an overview of the immunobiology of tumor-
associated macrophages as well as what is known about tumor
suppressors in the context of immune responses. Recent
advances regarding the role of the tumor suppressor ARF as
aregulator of inflammation and macrophage polarization are
also reviewed.

Monocytes express many cell surface markers indicative
of their inflammatory and activation status. Whether these
markers are affected by diabetes and its complications is not
known and was investigated in this study. In “Alterations in
monocyte CDI6 in association with diabetes complications,” D.
Min et al. provide the evidence suggesting that the circulating
monocyte phenotype is altered by diabetic complications
status. These changes may be causally related to and could
potentially be used to predict susceptibility to diabetic com-
plications.

Inflammation is implicated in the development and
rupture of atheromatous plaques, and there is considerable
evidence supporting the involvement of adipocytokines in
this inflammatory process. In “Increased expression of visfatin
in monocytes and macrophages in male acute myocardial
infarction patients,” C.-A. Chiu et al. provide another expla-
nation about leukocytes mediated visfatin that may play a
pathogenesis role in coronary vulnerable plaques rupture.

The lung is exposed to a vast array of inhaled antigens,
particulate matter, and pollution. Cells present in the airways
must therefore be maintained in a generally suppressive
phenotype so that excessive responses to nonserious irritants
do not occur; these result in bystander damage to lung
architecture, influx of immune cells to the airways, and
consequent impairment of gas exchange. In “Macrophage-
mediated inflammation and disease: a focus on the lung” E. G.
Findlay and T. Hussell discuss the mechanisms behind this
macrophage-mediated pathology, in the context of a number
of inflammatory pulmonary disorders.

Most tissues harbor resident mononuclear phagocytes,
that is, dendritic cells and macrophages. In “Tissues use
resident dendritic cells and macrophages to maintain home-
ostasis and to regain homeostasis upon tissue injury: the im-
munoregulatory role of changing tissue environments,” M.
Lech et al. report that organ- and disease phase-specific
microenvironments determine macrophage and dendritic
cell heterogeneity in a temporal and spatial manner, which
assures their support to maintain and regain homeostasis in
whatever condition. Mononuclear phagocytes contributions
to tissue pathologies relate to their central roles in orchestrat-
ing all stages of host defense and wound healing, which often

become maladaptive processes, especially in sterile and/or
diffuse tissue injuries.

Different monocytic subsets are important in inflamma-
tion and tissue remodeling; although heart failure (HF) is
associated with local and systemic inflammation, their roles
in HF are yet unknown. In “Changes in the monocytic subsets
CD14"™CD16" and CDI4"*CDI6™ in chronic systolic heart
failure patients,” O. Amir et al. indicate the inverse association
between EDD values and the expansion of CD14%™ CD16"
monocytes that can produce IL-13 which could be explained
as a measure to counterbalance adverse remodeling, which is
a central process in HE.

Traditional risk factors for metabolic disorders, including
the waist circumstance, body mass index (BMI), triglyceride
(TG), and ratio of TG to high density lipoprotein (HDL)
cholesterol, were closely correlated with homoeostasis model
assessment (HOMA) index in patients with nondiabetic RA.
In “Increased toll-like receptor 2 expression in peptidoglycan-
treated blood monocytes is associated with insulin resistance
in patients with nondiabetic rheumatoid arthritis” S.-W. Wang
et al. show the expressions of TLR2 in peripheral blood
monocytes, following stimulation with peptidoglycan which
is known as a TLR2 agonist, were closely correlated with the
HOMA index, TNF-« and IL-6 concentrations. Accordingly,
TLR-2 receptor and its related inflammatory cytokines could
be potential therapeutic targets in managing insulin resis-
tance in RA patients.
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Due to the profile of released mediators (such as cytokines, chemokines, growth factors, etc.), neoplastic cells modulate the activity
of immune system, directly affecting its components both locally and peripherally. This is reflected by the limited antineoplastic
activity of the immune system (immunosuppressive effect), induction of tolerance to neoplastic antigens, and the promotion of
processes associated with the proliferation of neoplastic tissue. Most of these responses are macrophages dependent, since these
cells show proangiogenic properties, attenuate the adaptive response (anergization of naive T lymphocytes, induction of Treg
cell formation, polarization of immune response towards Th2, etc.), and support invasion and metastases formation. Tumor-
associated macrophages (TAMs), a predominant component of leukocytic infiltrate, “cooperate” with the neoplastic tissue, leading
to the intensified proliferation and the immune escape of the latter. This paper characterizes the function of macrophages in the
development of neoplastic disease.

1. Introduction adaptive immunity (induction of T and B lymphocytes). In
order to eliminate neoplastic cells, the cells of the immune
system must recognize them as “foreign” The principles

of recognition and the mechanisms of the immunological

Human body is exposed to a continuous influence of car-
cinogenic factors (physical, chemical, and biological), rep-

resenting one of the reasons for the development of genetic
mutations. Cells possess an array of mechanisms able to
prevent mutations, as well as to repair DNA defects and
eliminate genetically altered cells, for example, by the means
of apoptosis [1, 2]. Disorders of this complicated protective
system lead to the development of neoplastic cells, which, in
turn, may be eliminated by an array of immunological mecha-
nisms, including those affected by the innate immune system
(monocytes, macrophages, NK cells, cytokines, etc.) and the

response are similar to those induced by foreign (bacterial,
viral) or own antigens (autoantigens). Foreign antigens are
highly immunogenic; that is, they induce immune response
aimed at the rapid elimination of the infectious factors. These
processes lead to the selection of a pool of immunocompetent
cells, specialized in the destruction of a given factor. As pre-
viously mentioned, neoplastic cells originate from genetically
altered cells of own tissues and therefore contain components
that induce various degrees of immune tolerance, protecting



them against the elimination by immunological mechanisms.
On the other hand, neoplastic cells are characterized by
a genetic instability [3], which manifests by changes in
antigenic profile, which are not observed in the normal tissue.
In some cases, this is accompanied by the overexpression
of genes that remain inactive or exhibit low-level activity
under normal conditions; many of the factors produced in
this manner act as immunomodulators. It is widely known
that neoplastic tissue can directly modulate its growth envi-
ronment as a result of the activity of secreted cytokines and
chemokines. This may be due to the following:

(a) chemotactic effect on leukocytes, including mono-
cytes and macrophages;

(b) suppression of the activity of the immune system;

(c) regulation of neovascularization processes [4].

2. Chemotactic Factors for
Monocytes/Macrophages Released by
Neoplastic Cells

Some factors synthesized and released by neoplastic cells can
induce leukocyte chemotaxis, including peripheral mono-
cytes and macrophages located in the surrounding tissues.
These cells represent the predominant component of leuko-
cytic infiltrate of many tumors and, due to their pleotropic
biological activity control, the majority of immunological
processes proceeding in the region of neoplastic growth.
Chemotaxis of monocytes and macrophages is a receptor-
dependent process [5], directly associated with the polariza-
tion of these cells towards pro- or anti-inflammatory cells.
Monocyte chemotactic protein-1 (MCP-1/CCL2), show-
ing affinity to CCR2 receptor, constitutes one of the principal
monocyte/macrophage chemokines [6, 7]. Moreover, the
concentration of CCL2 correlates positively with the stage
of the tumor in cancer of urinary bladder and breast. High
level of this cytokine is associated with poor prognosis; it
is observed in patients with higher clinical stages of the
tumor [8, 9]. In contrast, a proportional decrease in the
concentration of CCL2 is observed with increasing stages of
gastric malignancies, both in the serum and in neoplastic
tissue. Perhaps, this phenomenon results from enhanced
“consumption” of MCP-1 and concurrent unchanged level
of synthesis [10]. Interestingly, MCP-1 can be released also
by macrophages located in the region of neoplastic growth
[11]. This suggests direct involvement of these cells in the
recruitment of peripheral monocytes. It should be noted,
however, that the impaired expression of CCR2 receptor
on the surface of tumor-associated macrophages leads to
the reversal of the effect exerted on these cells by the
discussed chemokine. Plausibly, this is one of the mechanisms
enabling the maintenance of rich macrophage infiltrate in
the region of neoplastic growth [12]. Expression of MCP-
1 correlates positively with the level of vascular endothe-
lial growth factor (VEGF), TNF-«, and IL-8, which sug-
gests its involvement in the processes of neovascularization
[11]. The migration of peripheral monocytes to the site of
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neoplastic growth can be also induced by monocyte chemo-
tactic protein-2 (MCP-2/CCL-8) and monocyte chemotactic
protein-3 (MCP-3/CCL-7). These cytokines show both a
structural similarity to MCP-1 and an affinity to the CCR2
receptor [13]. The chemotaxis of monocytes is also induced
by CCL5 (RANTES), whose level of expression correlates
with the degree of macrophage infiltration and lymph node
metastases of neoplastic cells [14]. RANTES and CCL2 stim-
ulate monocytes to secrete metalloproteinase-9 (MMP-9)
and metalloproteinase-19 (MMP-19), which suggests indirect
involvement of the discussed chemokines in the degradation
of basal membrane, and hence in the process of neovascu-
larization [15, 16]. Furthermore, high concentration of CCL5
increases the probability of metastases in patients with gastric
malignancies [17]. Also, factors released by the neoplastic
cells, such as VEGE, IL-8, and angiopoietin-2 (Ang-2), exert
chemotactic effect on monocytes/macrophages; additionally,
they are involved in the processes of angiogenesis.

3. Regulation of the Process of
Neovascularization

Angiogenesis, although physiologically necessary, underlies a
number of diseases. Formation of new blood vessels is critical
for neoplastic growth and results from the predominance of
proangiogenic factors over those inhibiting angiogenesis [18].
Enhanced angiogenesis can be observed in very early stages
of malignant growth [19, 20]. Molecules such as (VEGEF),
interleukin-8 (IL-8/CXCLS8), basic fibroblast growth factor
(bFGF), angiopoietin-1 (Ang-1), and angiopoietin-2 (Ang-2)
are the main mediators of neovascularization released by the
neoplastic cells, including the cells of gastric malignancies.

VEGF is synthesized and secreted by many types of neo-
plasms [21-23] and although high levels of this molecule can
be observed both in the plasma and in the serum of patients,
the serum concentration of VEGF is higher. This results from
the secretory activity of thrombocytes, which release high
amounts of this factor during the coagulation of blood [17].
The production of VEGF in human macrophages is regulated
by NF«xB [24]. VEGF acts in the receptor-dependent manner
[25], inducing the chemotaxis of peripheral monocytes as a
result of interacting with VEGF-R1 [26]. In response to VEGE,
activated monocytes/macrophages synthesize molecules, for
example, metalloproteinase-9 [27, 28], which, as previously
mentioned, is involved in the processes of angiogenesis.
Although tumor-associated macrophages (TAM’s) constitute
the principal source of MMP9 in the zone of neoplastic
growth, it should be noted that this molecule may be also
synthesized by neoplastic cells, stromal neutrophils, fibrob-
lasts, and mastocytes [29]. Moreover, the activity of VEGF
leads to an increased permeability of blood vessels within
the neoplastic tissue [30], proliferation of vascular endothelial
cells [31], and the inhibition of dendritic cell maturation
[32]. The majority of these processes are associated with
the activation of VEGF-R2 receptor [33]. Therefore, the
VEGF/VEGF-R2 system is connected with the initiation of
neovascularization processes.

Similarly to VEGE interleukin-8 is a chemokine with pro-
angiogenic activity. High expression levels of this molecule
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have been observed in various types of neoplasms, directly
correlated with the vascularization of proliferating tissue and
poor prognosis, being the highest in the advanced stages
of tumor development. Gastric cancer cells also show the
expression of A (CXCR1) and B (CXCR2) receptors for IL-
8. During in vitro IL-8 stimulation, they show increased
expression of epidermal growth factor receptor (EGFR),
MMP-9, VEGE and IL-8 [34]. Similarly to VEGE, interleukin-
8 induces the migration of monocytes/macrophages to the
site of neoplastic growth.

Basic fibroblast growth factor (bFGF) is one of the
strongest stimulators of angiogenesis [35], acting via FGF-
Rl and FGF-R2 receptors. Its expression is observed in
many types of neoplasms [36]. High level of bFGF corre-
lates positively with poor prognosis, and its expression in
neoplastic cells is associated with the vascularization of the
tumor. Moreover, this factor stimulates the chemotaxis of
macrophages [37], which acquire the potential to synthesize
and secrete this molecule in response to mediators released by
neoplastic cells [38]. This suggests indirect TAMs-dependent
influence of bFGF on the processes of tumor neovasculariza-
tion.

Angiopoetin-1 (Ang-1) and angiopoetin-2 (Ang-2) are
the main representatives of angiopoietin family. The activity
of Ang-2 during the development of neoplastic disease is
associated with the progression of the disease and the neovas-
cularization of the tumor [39]. Angiopoietin-1 activates Tie-
2 receptor (angiopoietin receptor), in this way stimulating
in vitro migration of endothelial cells; moreover, it recruits
pericytes into the newly formed vessels in order to stabi-
lize their structure. In contrast, angiopoietin-2 is a natural
antagonist of Tie-2 receptor. Ang-2 inhibits the maturation of
vessels resulting from Ang-1 activity in a VEGF-independent
manner and causes their regression. Therefore, it plays a
regulatory function [34]. The activity of Ang-2 leads to
the destabilization of vessels, which is necessary for the
initiation of neovascularization process [40]. Angiopoietin-
2 exerts positive effects on the processes of angiogenesis
through VEGF involvement [34]. Interestingly, VEGF causes
an increase in Ang-1 expression, but it does not modulate the
synthesis of Ang-2 [41]. The level of Ang-2 expression cor-
relates significantly with the clinical stage of disease (lymph
node and organ metastases) while the expression of Ang-1 is
significantly higher in poorly differentiated tumors [40]. The
angiopoietin/Tie-2 system is involved in the remodeling and
maturation of blood vessels and is, therefore, complementary
to the activity of VEGF [34]. Moreover, the evaluation of Ang-
1, Ang-2, and Tie-2 serum concentrations seems to be useful
in preoperative differentiation of malignant thyroid tumors
[42]. Additionally, angiopoietins are able to stimulate the
chemotaxis of Tie-2-positive peripheral monocytes, which,
constituting cells with pro-angiogenic potential, support the
proliferation of neoplastic tissue [43].

4. Immunosuppressive Effect

Cancer cells and tumor-infiltrating leukocytes (primarily
macrophages) modulate the activity of the immune system,
also by means of immunosuppression, via the profile of

released factors (cytokines and chemokines). IL-10 and TGF-
B are released by these cells and show an array of immuno-
suppressive effects, for example:

(a) blockade of the activity of cytotoxic NK cells [44],
macrophages, and cytotoxic T lymphocytes (CD8")
[45];

(b) reduced expression of class II MHC molecule on the
surface of antigen presenting cells [46];

(¢) polarization of immune response towards Th2 [47];
(d) inhibition of dendritic cell maturation [48];
(e) inhibition of certain functions of T lymphocytes [49];

(f) stimulation of tumor cell B7-H3 expression [50].

Together with a strong anti-inflammatory signal, neo-
plastic cell-released chemotactic factors for monocytes
and macrophages induce their differentiation into MII
macrophages, and hence into cells showing an array of
functions promoting the proliferation of neoplastic tissue.
Consequently, it should be noted that aside from direct
immunosuppressive activity, growing neoplasm induces anti-
inflammatory activity of infiltrating cells, thus escaping from
the control of the immune system.

Macrophages are terminally differentiated cells of bone
marrow origin that reside in tissues and are derived from
peripheral monocytes (Figure 1). Depending on the activat-
ing factor, monocytes and macrophages can be involved in
an array of biological processes, such as:

(a) presentation of antigen;

(b) cytotoxicity;

(c) phagocytosis;

(d) secretion of biologically active molecules;
(e) control of inflammatory processes;

(f) rearrangement and reconstruction of destroyed tis-
sues [51].

As previously mentioned, the proliferation of neoplastic
tissue modulates the activity of immune cells, including the
function of monocytes and macrophages. It is widely known
that macrophages residing at the site of neoplastic growth,
referred to as TAMs, constitute the predominant component
of infiltrate in many neoplasms, including gastric malignan-
cies [52-54]. Due to their pleotropic biological properties,
TAMs can have both progressive and regressive effects on
the development of neoplastic tissue. Moreover, they control
primary and secondary immune responses. The pro- or anti-
neoplastic activity of macrophages is directly associated with
their pro- or anti-inflammatory activity, respectively, and
tightly depends upon monocyte-activating factors, which
define the relevant polarization of these cells (Figure 1).

5. Activity of Monocytes

As peripheral cells, monocytes do not have direct contact
with a neoplastic tissue. Indirectly, however, they are subject
to its immunomodulatory effect, responding to chemotactic
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factors and neoplastic antigens present in peripheral blood, as
well as to circulating neoplastic cells. All these factors directly
induce the differentiation of monocytes to macrophages and
their polarization towards pro- or anti-inflammatory cells.
In the case of some malignancies, such as colorectal cancer,
elevated monocyte count is considered as an independent
prognostic factor [55].

Monocytes are heterogeneous population of cells in terms
of morphology, phenotype, and effector properties. On the
basis of the level of expression of lipopolysaccharide (LPS)
receptor (CD14) and Fcy receptor III (CD16), they can be
classified into three well-characterized subpopulations

(a) those showing strong expression of CDI14 recep-
tor and lacking the expression of CDI16 receptor
(CD14"*CD167);

(b) those showing strong expression of CDI4 and the
presence of CDI6 receptor (CD14"*CD16");

(c) those showing weaker expression of CD16 receptor
than in the above-mentioned groups expression of
CD14 receptor, with simultaneous (CD14*CD16")
[56].

Monocytes with CD14""CD16~ phenotype are referred
to as classical monocytes and correspond to 85-95% of all
peripheral monocytes under physiological conditions. The
remaining two populations showing strong expression of

CD16 receptor differ from each other in terms of CDI14
expression level and, under physiological conditions, repre-
sent up to 15% of peripheral monocytes [57, 58]. Despite
phenotypic similarities associated with the expression of
CD16 receptor, stronger, as compared to classical monocytes,
expression of HLA-DR, CD86, and CD54, and lower level
of CD64 expression, both of the aforementioned subpopula-
tions of monocytes show different biological activities [59].
An increase in the fraction of CD14"CD16"subpopulation
of peripheral monocytes was observed during infections
and inflammatory processes [60, 61], in septic states [62],
and in some types of neoplasms [63, 64]. CDI14"CD16"
cells are referred to as proinflammatory monocytes, because
in contrast to classical monocytes upon stimulation they
synthesize and release high amounts of tumor necrosis
factor-alpha (TNF-«) without concomitant secretion of IL-
10 or with low secretion of this cytokine [65]. The cells
from this population show an array of similarities to tis-
sue macrophages, and they are, therefore, postulated to be
more mature and macrophage-like cells than the classical
monocytes [66, 67]. Higher fraction of monocytes from
CD14*"*CDI16" subpopulation has been observed in a number
of conditions, including septic neonatal states [68] and
gastric malignancies [69]. Additionally, compared to the pro-
inflammatory subpopulation and classical monocytes, these
cells show a higher expression of CD1lb and TLR4 [59].
Moreover, they differ from the CD14"CD16" subpopulation
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in terms of characteristics such as higher phagocytic activ-
ity [70] and the presence of anti-inflammatory properties,
constituting the principal source of IL-10 amongst peripheral
monocytes. The presence of this subpopulation in peripheral
blood is thought to constitute an intermediate stage in the
differentiation of monocytes to macrophages [59].

In spite of the lack of direct contact with neoplastic tissue,
peripheral monocytes represent an interesting object during
the assessment of the developmental stage of the disease. As
previously mentioned, they undergo a continuous stimula-
tion by chemokines and cytokines released by neoplastic cells
and tumor-infiltrating cells, as well as by neoplastic antigens
and circulating neoplastic cells.

CD14*CDI16" cells are the main subpopulation of mono-
cytes showing in vitro antineoplastic activity, which is directly
associated with the enhanced synthesis and secretion of
cytokines such as TNF-«, IL-12p40, and IL-12p70, lack of
synthesis and release of IL-10, enhanced synthesis of reactive
nitrogen species, and higher cytotoxic and cytostatic activities
[71]. Obviously, IL-12p40 and IL-12p70 do not exert direct
anti-neoplastic effect. The influence of IL-12p70 is associated
with the activation of IFN-y synthesis in lymphocytes, which
in turn contributes to the polarization of immune response
towards Thl, that is, a proinflammatory response against
neoplastic cells. Additionally, IL-12p70 activates cytotoxic
T lymphocytes (CD3"CD8") and NK cells, both showing
an array of antineoplastic properties [72]. IL-12p40 is a
chemotactic factor for monocytes, which differentiate into
macrophages and migrate to the tissue. Therefore, IL-12p40
enhances the infiltration of macrophages into the site of neo-
plastic proliferation [73], where, as pro-inflammatory cells,
they can exert many antineoplastic effects. The results of in
vitro studies suggest that increased fraction of CD16" mono-
cytes in patients with malignancies can represent a natural
consequence of immune response against neoplastic tissue
as well as against circulating neoplastic cells. Spontaneous
increase in this population of peripheral monocytes was
also observed in vivo, including gastrointestinal malignancies
[64].

Additionally, a decrease in the fraction of the subpopula-
tion 1 of T-helper lymphocytes (Thl) was observed in periph-
eral blood of cancer patients in relation to the subpopulation
2 ('Th2); this was associated with lower plasma concentration
of molecules such as IL-2 and IFN-y, and higher level of
cytokines, such as IL-4, IL-10, and IL-13, as compared to
healthy individuals [74]. In view of the elevated concentration
of anti-inflammatory factors, circulating monocytes should
gain anti-inflammatory properties and differentiate into MII
macrophages, which are involved in the processes of neo-
vascularization, among others. Proangiogenic activity is also
characteristic for monocytes that show the surface expression
of angiopoietin receptor (Tie-2), although this receptor is
mostly expressed on epithelial cells and is considered as
a specific feature of vascular epithelial cells [75]. Tie-2"
monocytes represent a separate population of cells referred
to as the Tie-2-expressing monocytes (TEMs). Even though
their physiological fraction in peripheral blood is low and
corresponds to only 1-2% of peripheral leukocytes, approx-
imately 20% of circulating monocytes are Tie-2" [43, 76].

An increase in the fraction of Tie-2-expressing monocytes,
even up to 10% of all peripheral blood mononuclear cells
(PBMCs), has been observed in cancer patients. Murine
model studies revealed strong pro-angiogenic properties of
TEMs during the processes of neoplastic tissue neovascular-
ization. Moreover, these cells are considered the precursors of
pro-angiogenic tissue macrophages [76], which correspond
to up to 30% of all TAMs in certain parts of the neoplastic
tissue [77].

6. Macrophage Activity

Macrophages are the predominant cells of the leukocytic
infiltrate of many neoplasms and are able to polarize their
immune response in both a pro- or anti-inflammatory direc-
tion. Monocytes, activated by microorganisms or their parts,
certain pro-inflammatory cytokines (e.g., IFN-y), GM-CSE,
and M-CSE migrate into tissues and differentiate into pro-
inflammatory cells, referred to as MI macrophages, which are
involved in the destruction of microorganisms and neoplastic
cells, among others (Table 1). Their function includes the
activation of immune system and the support of adaptive
response by means of:

(a) enhanced synthesis and secretion of pro-inflamma-
tory cytokines such as TNF-«, IL-1, IL-6, IL-12, and
IL-23 [78-80];

(b) enhanced synthesis and secretion of chemokines such
as CCL5, CCL8, CXCL2, and CXCL4 [81-83];

(¢) polarization of immune response towards Thl and/or
Th17 [84];

(d) high capacity for presentation of antigen to antigen-
naive T lymphocytes;

(e) cytotoxic potential [85].

Monocytes activated by factors such as IL-4, IL-13, IL-
10, and M-CSF show typical activities of anti-inflammatory
cells; when present in tissues, they are referred to as MII
macrophages (Table 1). These cells are characterized by:

(a) enhanced synthesis and secretion of anti-inflamma-
tory cytokines such as IL-10, TGF- 3, and IL-1RA;

(b) enhanced synthesis and secretion of chemokines such
as CCLI16, CCL18, and CCL22;

(¢) polarization of immune response towards Th2;

(d) induction of T-regulatory (Treg) lymphocyte forma-
tion;

(e) low capacity for the presentation of antigen to
antigen-naive T lymphocytes;

(f) strong expression of arginase-1 (its activity alters
the metabolism of L-arginine into ornithine and
polyamines, which results in the blockade of inducible
nitric oxide synthase (iNOS));

(g) lack of cytotoxic activity;

(h) higher expression of certain membrane receptors,
including type 2 Fc receptor for IgG (Fc-R2, CD23),
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TABLE 1: Macrophage subsets.
Populations Inducing agents Functions
(i) High capacity for antigen presentation
(ii) Thl polarization
MI GM-CSF; . )
IFN-y + LPS; (iii) Defense against bacteria
TNF-a (iv) Tumor suppression
(v) Immunostimulation
(vi) Ability to induce a cytotoxic effect
MII
MlIla 1L-4; IL-13 (i) Th2 polarization
Immune complex: (ii) Down-regulation of adaptive
MIIb piex; immunity
IL-1R agonists; TLR ligands (iii) Tumor growth promotion
Mile IL-10; TGF-p; (iv) Proangiogenic
glucocorticoids (v) Tissue remodeling and repair

mannose receptor (MR), and receptor for LPS (CD14)
[85].

The principal tasks of MII include the suppression
of adaptive response, inhibition of cytotoxic cell activity,
rearrangement and reconstruction of destroyed tissues, and
their neovascularization. Therefore, MII macrophages play
a regulatory function in pro-inflammatory response via the
control of MI cell-dependent activities [86]. Consequently,
the maintenance of body homeostasis requires maintain-
ing a proper ratio of both discussed subpopulations of
macrophages, namely, MI and MII. This balance is disturbed
during such pathological conditions as the proliferation of
neoplastic cells, leading to the impaired activity of immune
system and uncontrolled progression of the disease. This
is unambiguously associated with the immunomodulatory
effect of proliferating neoplasm. However, the secretory
activity of macrophages residing within the tumor should
not be forgotten. The activity of macrophages in the course
of neoplastic disease has been studied extensively as they
can exert both progressive (MII macrophages) and regressive
(MI macrophages) effects on the development of neoplastic
tissue. The balance between MI and MII macrophages seems
to be controlled by NF«xB signaling, because targeting of this
transcription factor switched macrophages from an MII to an
MI phenotype. The consequence of which is the regression of
tumor tissue in vitro [87].

As pro-inflammatory cells, macrophages are involved in
stromal remodeling releasing a slate of pro-inflammatory
factors that constitute a signal of danger for immune cells.
This macrophage activity may result in the following:

(a) activation of cytotoxic T lymphocytes and NK cells;
(b) influx of dendritic cells;
(c) migration and differentiation of monocytes in a pro-

inflammatory direction.

Activated MI macrophages synthesize and release IL-12,
which, as was mentioned previously, shows indirect antineo-
plastic activity. Additionally, it exerts stimulatory effect on

NK cells, inducing the synthesis and secretion of IFN-y [88]
and enhancing their cytotoxic potential. Stimulated with this
cytokine, macrophages release factors such as ROIL IL-1, IL-
6, arginase, and TNF-a, that is, pro-inflammatory factors
exerting cytostatic and cytotoxic effects upon neoplastic cells.
Moreover, these cells show a strong cytotoxic activity in both
the antibody-dependent (ADCC) and antibody-independent
(MTC) mechanisms [89].

Unfortunately, the majority of macrophages infiltrating
neoplastic tissue have phenotype characteristic for MII [85],
and thus they present an array of activities promoting the
growth of neoplastic tissue. Consequently, tumor-associated
macrophages are considered to constitute MII-like cells. The
level of their infiltration is used as an independent prognostic
factor in many tumor types. However, it should be noted
that in the case of some malignancies, for example, colorectal
and gastric cancers, higher fraction of these cells does not
necessarily correlate negatively with patients’ survival. The
activity of TAMs in gastric malignancies can vary depend-
ing on tumor region. For example, higher infiltration of
TAMs to the region of tumor cell nests is associated with
improved survival. Despite the small fraction of nest TAMs,
as compared to their overall count in the other regions of the
tumor, enhanced apoptosis of neoplastic cells was observed
along with a higher activity of cytotoxic T lymphocytes.
Consequently, it should be emphasized that antineoplastic
activities controlled by macrophages with MI phenotype can
be induced in certain regions of neoplastic tissue [52]. How-
ever, they represent a minority of pro-neoplastic activities of
MII macrophages, associated with the following:

(a) suppression of adaptive response;

(b) promotion of tumor growth;

(c) promotion of the metastases of neoplastic cells;

(d) involvement in the recruitment of peripheral mono-

cytes and macrophages from the surrounding tissues.

The MII macrophages release an array of anti-inflam-
matory factors, such as IL-10 and prostanoids, causing the
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attenuation of type Thl immune response, as well as an
impaired activity of cytotoxic T lymphocytes and NK cells.
Moreover, they secrete a variety of specific cytokines (e.g.,
CCL17 and CCL22), inducing the inflow of regulatory T
cells and Th2 subpopulation of helper lymphocytes. These
effects are reflected by the suppression of pro-inflammatory
activities of the immune system, that is, by the inhibition
of activities oriented against neoplastic cells [86]. Moreover,
tumor-associated macrophages are capable of modifying ¢
subunit of TCR receptor (TCR-{) of T-helper lymphocytes
[90-92], which plays a crucial role in the activation of
the latter cells [93]. The disorders of TCR-{ expression or
inactivation of this subunit are reflected by the anergy of T
lymphocytes, leading to their apoptosis.

Intensified proliferation of neoplastic tissue is associated
with an increased requirement for nutrients and growth
factors and leads to the hypoxia of the tumor. High effi-
ciency of pro-neoplastic MII macrophage activity is asso-
ciated with their ability to accumulate within the oxygen-
deficient regions of the tissue. TAMs synthesize and release an
array of growth and pro-angiogenic factors that are concur-
rently chemotactic factors for monocytes and macrophages,
including VEGE, bFGE, CXCL8, PDGEF, EGE, and TGF-f
[89, 94]. PDGF promotes the proliferation of neoplastic
tissue; additionally, it acts as a pro-angiogenic factor and
recruits pericytes stabilizing the newly formed vessels [95].
EGF stimulates neoplastic cells to synthesize and release
M-CSE. Aside from the chemotaxis of macrophages from
the surrounding tissues, M-CSF induces the differentiation
and migration of peripheral monocytes. This constitutes
one of the mechanisms behind the enhanced infiltration of
macrophages into the tumor, which is in turn reflected by an
enhanced synthesis of EGE. EGF/M-CSF feedback cycle leads
to macrophage-dependent, growth factor-induced intensive
proliferation of neoplastic tissue [96].

Macrophages present at the invasive front of the tumor
(margin TAMs) participate in the creation of promoting
environment for neoplastic cells, enabling them to reach
vascular and lymphatic system. As previously mentioned,
TAMs constitute a source of metalloproteinases (such as
MMP-2 and MMP-9) and an urokinase-type plasminogen
activator (uPA) [97], which facilitate tumor invasion due to
their involvement in the degradation of basal membrane and
extracellular matrix. This process seems to a large extent to
be EGF and M-CSF dependent. The blockade of EGF and M-
CSF activities is reflected by inhibited migration of neoplastic
cells and macrophages, respectively [98, 99]. Therefore, the
M-CSFE-stimulated TAMs induce the migration of neoplastic
cells on EGF-dependent pathway [100]. Most likely, this pro-
cess is also modulated by IL-4, which polarizes macrophages
towards promoting the invasiveness and spread of the tumor;
these functions are blocked in the lack of IL-4 [101, 102].
The invasiveness of neoplastic cells can be also modulated
in TNF-a-dependent manner [103], with macrophages being
the principal source of TNF-« [104, 105]. The migration of
neoplastic cells through the stroma is markedly more efficient
if supported by collagen fibers (type I collagen) [106], formed
with the involvement of TAMs. These fibers expand towards
blood vessels [107], significantly facilitating the migration of

neoplastic cells and thus promoting the formation of distant
metastases. In summary, due to their pro-angiogenic activity,
synthesis of collagen fibers, and the induction of neoplastic
cell migration, TAMs actively promote the invasion and
spread of the tumor.

7. Conclusion

The process of neoplastic tissue proliferation is directly
related to the modulatory effect on the immune system.
Monocytes/macrophages are particularly susceptible to this
effect. This results in a switch from a protective function
into one that promotes neoplastic proliferation. In the case
of many malignancies (e.g., breast, prostate, or endometrial
cancer), high percentage of TAMs is associated with poor
prognosis. In practice, high percentage of tumor-associated
macrophages may be an independent prognostic factor, pro-
viding a thorough examination of all the regions of the tumor
and a precise assessment of the phenotype of these cells.
TAMs also seem to be a promising target for antineoplastic
therapy, the aim of which should be, for example, the reversal
of the unfavorable balance between MI and MII macrophages
[87]. On the other hand, monocytes/macrophages can be
used as a delivery system of anticancer agents to tumors [108].
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Group A streptococcus (GAS) imposes a great burden on humans. Efforts to minimize the associated morbidity and mortality
represent a critical issue. Glycogen synthase kinase-3f (GSK-33) is known to regulate inflammatory response in infectious diseases.
However, the regulation of GSK-3 in GAS infection is still unknown. The present study investigates the interaction between GSK-
33, NF-«B, and possible related inflammatory mediators in vitro and in a mouse model. The results revealed that GAS could
activate NF-xB, followed by an increased expression of inducible nitric oxide synthase (iNOS) and NO production in a murine
macrophage cell line. Activation of GSK-38 occurred after GAS infection, and inhibition of GSK-3 reduced iNOS expression and
NO production. Furthermore, GSK-3 inhibitors reduced NF-xB activation and subsequent TNF-« production, which indicates
that GSK-3p acts upstream of NF-xB in GAS-infected macrophages. Similar to the in vitro findings, administration of GSK-3f3
inhibitor in an air pouch GAS infection mouse model significantly reduced the level of serum TNF-« and improved the survival rate.
The inhibition of GSK-3 to moderate the inflammatory effect might be an alternative therapeutic strategy against GAS infection.

1. Introduction diseases are still responsible for at least 163,000 deaths each
year in the world [2, 7, 8]. These facts highlight the urgent
need for therapeutic strategies beyond effective antibiotic
treatment. In patients with acute invasive GAS infection, the
magnitude of elevation of IL-6 and TNF-« is closely related
to the severity of systemic manifestations of the disease.
Severe invasive cases suffering from toxic shock and/or
necrotizing fasciitis have significantly higher frequencies of
IL-2-, IL-6-, and TNF-a-producing cells in their circulation

as compared to nonsevere invasive cases [9, 10]. Evidence

Group A streptococcus (GAS; Streptococcus pyogenes) is
an important clinical pathogen in humans and induces a
wide spectrum of clinical presentations including pharyn-
gitis, erysipelas, necrotizing fasciitis, toxic shock syndrome,
sepsis, and even mortality [1]. Numerous virulence factors
of GAS, including surface molecules such as M protein,
hyaluronic acid capsule, and C5a peptidase, or exotoxins,
such as pyrogenic exotoxins, streptokinase, hyaluronidase,
and streptolysins O and S, enable bacteria to resist phago-

cytosis in macrophages, escape from complement-mediated
destruction, retard the influx of inflammatory cells, or trigger
overreaction of immune system [2-6]. Despite advanced sup-
portive care and effective antibiotic treatment, invasive GAS

suggests that the induction of cytokine production is, at least
in part, due to superantigens of GAS. After the activation
by superantigens, production of cytokines (e.g., IL-1, TNF-
a, IL-6, and IFN-y), which mediate shock and tissue injury,



is initiated. Streptococcal pyrogenic exotoxin (SPE) B is able
to cleave pre-IL-1f3 to release active form IL-1f3 [11]. Besides,
peptidoglycan, lipoteichoic acid, and killed organisms are
capable of inducing TNF production by mononuclear cells
in vitro [12, 13]. Thus, clinical management to control the
exacerbated inflammatory response caused by GAS infection
may diminish collateral tissue damage and further reduce
morbidity and mortality.

Glycogen synthase kinase-3 (GSK-3), a serine/threonine
protein kinase, is involved in the regulation of many intra-
cellular functions, including cell division, apoptosis, cell fate
during embryonic development, signal pathways stimulated
by insulin and many growth factors, and even the dysregula-
tion of disease processes of cancer, diabetes, and neurodegen-
erative diseases [14-17]. In addition, GSK-3 is critical in either
promoting [18] or repressing [19] the activity of NF-«B which
indicates its possible regulatory role in inflammation. Either
GSK-3 inhibitors or siRNA could reduce the production of
TNF-« and IL-6 and enhance IL-10 production in monocytes
after stimulation by lipopolysaccharide (LPS) [20]. GSK-
3 was also shown to regulate the STAT3-mediated IL-6
production in LPS-stimulated glial cells [21]. Furthermore,
GSK-3 negatively regulated mycobacterium-induced IL-10
production and the subsequent IFN-y secretion in monocytes
[22]. In animal model of sepsis, treatment with GSK-3
inhibitors could suppress NF-xB-dependent proinflamma-
tory cytokine expression and provide protection from organ
injury and endotoxin shock [20, 23, 24]. However, most
of the previous studies investigating the role of GSK-3 in
infection involved a LPS-induced sepsis model. Few studies
have investigated the role of GSK in live bacterial infection,
which is more representative of the clinical condition [25-28].
Also, less is known about the role of GSK in Gram-positive
bacterial infection.

The macrophage is one of the frontline components
in human innate immunity. It plays an important role in
clearance of invasive pathogens through phagocytosis. Inter-
ference with macrophage function results in higher mortality
rate in the GAS-infected animal model [29]. This implies
an essential role of macrophages against GAS infection.
In search of the possible role of GSK-3f in GAS-induced
inflammatory response, we evaluated the activity of GSK-
3B and subsequent inflammatory mediators in a mouse
macrophage cell line and in the mouse model. Our results
demonstrate that GAS infection induces GSK-3f activity,
NF-«B nuclear translocation, iNOS expression, and NO and
TNF-« production. Inhibition of GSK-3f can negatively
regulate the activity of NF-xB and the production of NO and
TNF-a. The effects of GSK-3 inhibitor were also observed in
GAS-infected mice.

2. Material and Methods

2.1. Mice. BALB/c mice were purchased from the Jackson
Laboratory, Bar Harbor, Maine, and maintained on standard
laboratory food and water ad libitum in our animal center.
Their progeny, ranging from 8 to 10 weeks of age, were used
for experiments. The animal use protocol had been reviewed
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and approved by the Institutional Animal Care and Use
Committee (IACUC).

2.2. Bacterial Strain. S. pyogenes NZ131 (type M49, T14) was
obtained from Dr. D. R. Martin, New Zealand Communicable
Disease Center, Porirua. This strain does not contain phage-
specific speA and speC genes.

2.3. Air Pouch Model of Infection. In our previous studies,
we have established a mouse model of GAS infection using
an air pouch [30, 31]. Mice were anesthetized by ether
inhalation and then injected subcutaneously with 2mL of
air to form an air pouch on their back. Bacterial suspension
was inoculated into the air pouch. Mice infected with GAS
developed bacteremia and disseminated into the kidney, liver,
and spleen. Mice died within few days (usually 3-7 days)
after GAS infection. This model therefore serves as an animal
model of sepsis.

2.4. GAS Infection of Macrophages. Mouse macrophage cell
line RAW 264.7 was cultured in DMEM with 10% FBS in 5%
CO, at 37°C. RAW 264.7 cells were seeded at 2 x 10°/well
in 24-well plate containing medium without antibiotics. The
next day, NZ131 cultures grown in TSBY were harvested at
midlogarithmic phase and added to RAW 264.7 monolayers
at different multiplicity of infection (MOI) of 10, 50, and 100.
After 60 min of incubation at 37°C, nonadherent extracellular
bacteria were eliminated by removing the culture medium
and washing by PBS. Adherent extracellular bacteria were
subsequently killed by incubation with fresh medium con-
taining 10 ug/mL penicillin G. At specific time points after
infection, supernatants were collected for ELISA, and whole
cell extracts were prepared for Western blot analysis.

2.5. ELISA. The levels of TNF-« in serum or cell culture
supernatant were measured by ELISA kits (R&D system),
according to the manufacturer’s instructions. All measure-
ments were carried out in triplicates.

2.6. Western Blot Analysis. Whole cell extracts were separated
using SDS-PAGE and transferred to polyvinylidene difluo-
ride (PVDF) membrane. After blocking, blots were developed
with rabbi