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Microglia: the physiology and its role in the aging brain
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_________________________________________________________________________________
Microglia are resident immune cells of the CNS and have a distinct phenotype in the healthy
brain, induced by ‘off’ signals expressed by neurons and astrocytes. In reaction to disturbance
in the CNS, microglia change their morphology and phenotype towards a beneficial or
detrimental state, thereby regulating the disease pathology. Microglial activation is very
diverse and dynamic, regulated by ‘on’ signals, also released by neurons and astrocytes.
Normal aging of the brain is accompanied with increased microglial activation and enlarged
microglial subtypes, increasing the risk of neurogenerative diseases. A better comprehension of
microglial behavior will be necessary in understanding the pathogenesis of ischemia and
neurogenerative diseases, in order to develop effective therapies.
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Introduction
Microglia are resident tissue macrophages
of the central nervous system (CNS), including
the spinal cord and represent a part of the innate
immune response (Mariani et al., 2009). They
are abundant within the brain and represent
around 5-20% of the total glial population
(Yang et al., 2010). The highest density is found
in areas including hypothalamus, hippocampus
and basal ganglia (Figure. 1). The lowest
concentrations are found in areas such as
cerebellum and the brain stem (Savchenko et
al., 1997).
Microglia recognize a wide array of
infectious pathogens in the CNS, partly which
their Toll-like receptors (TLRs), that sense
highly conserved microbial pathogen associated
molecular patterns (PAMPs) (Kielian et al.,
2006). In contrast to PAMPs produced by
microorganisms, only a few proteins, like Heat
shock protein (HSP) 60, HSP70 and fibrogen,
are believed to act as ligand for TLRs during
neural damage. Recognition of these
endogenous ligands generates an immune
response, thereby creating an environment that

is more permissive of restricting the neural
damage and facilitating repair (Soulet & Rivest,
2008).
The phenotype of microglia is tightly
regulated in a normal healthy CNS. During
infection, microglia can rapidly change their
morphology and expression of various
molecules because of neural damage and the
presence of endogenously produced toxic
proteins, (Kreutzberg et al., 1996; Hanisch &
Kettenmann, 2007). Their phenotype depends
on the sequence and duration of their exposure
to diverse stimuli in different pathologies (Perry
et al., 2010). In the „resting‟ state microglia are
highly branched, also called ramified. Microglia
seem to lose their ramifications and become
more amoeboid during chronic immune
challenges (Kreutzberg et al., 1996).
Once activated, microglia upregulate their
major histocompatibility complex (MHC) class
I and class II expression and costimulatory
molecules, that contribute to both CD4-specific
and CD8-specific T cell responses (Aloisi et al.,
1999). There are two types of microglia activity:
neurotoxic and neuroprotectitive. Neurotoxic
activity is caused by TLR ligands, including
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bacterial lipopolysacharides (LPS) and might
occur after excessive and uncontrolled
stimulation of microglia or when microglia
function is declined (Badoer et al., 2010).
Neuroprotective activity, on the other hand,
might be induced by interleukin (IL)-4, which
stimulates cell renewal (Kim & de Vellis, 2005;
Badoer et al., 2010).
In disorders like Alzheimer and Parkinson‟s
disease, microglia activation is prominent
around areas of neurodegeneration (Glass et al.,
2010). Microglia participate in initiation and
progression in neurodegenerative diseases by
releasing cytotoxic molecules such as proinflammatory cytokines, reactive oxygen
species (ROS), proteinases and complement
proteins (Aloisi et al.,1999). There is also
evidence that neurons inform microglia about
their status and that neurons are capable of
controlling microglia function (Biber et al.,
2007).
In this review I highlight the activation and
deactivation mechanism of microglia and its
communication with other cells, and draw
attention to the fact that microglia are highly
plastic and have different phenotypes. I also
focus on microglia activity in the aging brain in
understanding
its
relationship
with
neurogenerative diseases.
Microglial phenotypes
The phenotype of microglia is different
from other tissue macrophages. For this reason
it took very long to establish the myeloid origin
of microglia (Ransohoff & Perry, 2009). Both,
perivascular and parenchymal microglial cells
derive from myeloid progenitors orginate from
the yolk sac (Figure 2). The progenitors
establish themselves in the developing brain and
in retina during embryonic stage, where they
develop in immature microglia (Herbomel et al.,
2001). Adult microglia might be maintained by
self replication, or by division of progenitor
cells which are present in the brain. Another

explanation is that circulating progenitor cells
are able to pass the blood-brain barrier (BBB)
and once in the CNS the progenitors
differentiate into microglia cells (Ransohoff &
Perry, 2009).
Several years ago it was found that there are
various subtypes of macrophages. These can
generally be divided into M1 (classically
activated via toll-like receptor or via interferongamma (IFN- ) and M2 (alternatively activated
macrophages), which further subdivided in M2a
(induced by IL-4 or IL-13), M2b (induced by
immune complexes in combination with IL-1
or LPS) and M2c (induced by IL-10, TGF or
glucocorticoids). It is known that these subtypes
have different effects within the immune
system. M1 have pro-inflammatory properties,
whereas M2 have anti-inflammatory properties
(Martinez et al, 2008; Raes et al., 2002; Song et
al., 2000). However, evidence for intrinsic
specialisation of microglia is very rare. It seems
that microglia can have different forms, each
syntheses different subsets of cytokines en
express different receptors. Microglial diversity
depends on the durance and intensity of the
exposure to external signals, which might lead
to a phenotype, but not necessarily to a M1 or a
M2 subtype (Hanisch en Kettenmann, 2007;
Perry, 2010).
The micro-environment of the CNS plays
an important role in the differentiation of the
microglial phenotype (Figure 3). In the healthy
brain microglia are highly ramified cells, also
called „resting‟ state. Many receptors on
ramified microglia are expressed at low levels
or even not at all (Pocock & Kettenmann, 2007).
Research using 2-Photon microscopy showed
that ramified microglia actively screen their
micro-environment searching for „danger‟signals, as well changes in these signals
(Nimmerjahn et al., 2005). Ramified microglia
are therefore no „resting‟ cells and should be
renamed as „surveying‟ cells (Hanisch and
Kettenmann, 2007).
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Figure 1. Brain regions and microglial expression. High
microglial expression in hypothalamus, hippocampus and
basal ganglia. Low microglial expression in cerebellum
and brain stem (altered figure from www.cnsforum.com).

In response to disturbance of nervous
system homeostasis and neural injury, microglia
can proliferate. Activated microglial cells highly
increase the expression of receptors, including
glutamate, gamma-aminobutyric acid (GABA)
cytokine, and purine receptors (Pocock &
Kettenmann, 2007). Microglia also seem to
become more phagocytic, macrophage like cells
and move towards the site of the injury
(Kreutzberg et al., 1996). This response depends
on purinoreceptor stimulation and may also
involve assistance from astrocytes (Haynes et
al., 2006; Hanisch & Kettenmann, 2007).
Microglial activation leads to different
response phenotypes. During bacterial invasion
the microglia release inflammatory mediators
and are involved in het phagocytosis of bacteria.
Interestingly, when apoptotic cells or myelin
debris are removed, microglia release antiinflammatory mediators. Two important
signaling pathways are involved in microglial
responsiveness. First one is the sudden
appearance of factors, such as TLRs, that

includes induced receptor signaling (Kielian et
al., 2006). Second is constructive signaling,
such as ligand pairs CX3CL1-CX3CR1 and
CD200-CD200R (discussed below), which have
a calming effect (Wang et al., 2007; Hoek et al.,
2000). Microglia also express neurotransmitter
receptors, like GABA or adrenalin. Its activation
causes an anti-inflammatory response (Pocock
& Kettenmann 2007).
Microglial activation by IFN- and IL-4
induces a T helper type 1 and 2 (TH1 and TH2)
response, respectively. High IL-4 and low IFNlevels
support
microglia-induced
adult
oligodendrogenesis and neurogenesis (Butovsky
et al., 2006). It also offers neuroprotection by
the regulation of insulin-like growth factor
(IGF)-I and tumor necrosis factor (TNF)-α.
Treatment with high concentrations of IFN- or
LPS treatment, on the other hand, reduces the
neutrophilic and TH1 attracting signals, and
might thereby reduce the microglia-induced cell
renewal. IL-4 activation of microglia can
reverse this reaction. This shows that microglia
actions are diverse and stimulus-related,
depending on the stimulus intensity and context.
Microglia also communicate via adaptive
immunity by exchanging soluble messengers,
including cytokines, and by physical contact,
including MHC-II, that present antigens
(Butovsky et al., 2006; Hanisch & Kettenmann,
2007).
Protective and detrimental activity
Microglial activation can lead to
detrimental or protective activity. Inflammation
can induce brain damage and might lead to the
activation of microglia, which is a protective
value. Inflammatory cytokines may be
neuroprotective via direct activation of NFin neurons, which initiate an innate immune
response (Glezer et al., 2007). By contrast, fully
activated microglia are believed to be toxic, by
releasing ROS, nitric oxide (NO) and cytokines
like IL-1 TNF- and IFN- that can damage
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Figure 2. Various phenotypes and morphologies of
microglia during development and adulthood under
both, normal and inflammatory conditions (Soulet &
Rivest, 2008).

the brain tissue. Microglial toxic activity often
includes stimuli eliciting defence-oriented
reactions like LPS (Block et al., 2007; Kim &
de Vellis, 2005).
In demyelinating disorders, like multiple
sclerosis (MS), reduction of microglial
activation
can
attenuate
the
disease
development.
Experimental
autoimmune
encephalitis, the primary animal model of MS,
is repressed by ganciclovir-induced microglial
paralysis (Greter et al., 2005; Heppner et al.,
2005). According to the authors microglial
paralysis might limit the CD4+ T cells
autoreactivity which might reduce inflammation
lesions and limit demyelinisation. Suppression
of microglia activation can impair remyelination
by facilitating oligodendrocyte progenitor cells
(OPCs) recruitment and altered growth factor

Figure 3. Activation process of microglia during different
stages of activation. Microglial cells in the surveillance
state („resting‟ state) actively scan the environment for
„danger‟-signals. The appearance of these „danger‟signals (e.g., in infection, ischemia or trauma) leads to
transition of microglia to an alert state. The signals and
their context are interpreted and can initiate an
„activation‟ response. Microglia differentiate into
different phenotypes, depending on the transcription
factors and enter their exclusive phase. Reactive
phenotypes may shift into a different phase (more than the
three phases that are shown). Some of the microglial cells
may emigrate to the bloodsystem or die, while other
microglia may return to a surveying state. Some microglia
may not return to a complete „resting‟ state and may
remain postactivated, as „memory‟ cells (Hanisch &
Kettenmann, 2007).

expression, promoting the myeline formation
(Kotter et al., 2005).
Neural damage might also be limited by another
microglial mechanism. Glutamate is a
neurotoxic substance, which is involved in
neurogenerative diseases and ischemia. LPS
activated microglia can express glutamate
uptake protein (GLT-1), induced by TNFstimulation (Persson et al., 2005). This implies
that microglia could be important for controlling
the glutamate levels and could thereby improve
neural survival (Hanisch & Kettenmann, 2007).
In Parkinson‟s disease (PD), microglial
activation seems to cause neural damage.
Profound loss of dopaminergic neurons is often
found in the substantia nigra accompanied by
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high numbers of microglia in this area (Amor et
al., 2010). The IFN- plasma levels of these
patients are increased. High IFN- concentration
induces dopaminergic neural death, by
regulating microglial activity. This effect can be
reduced by the immunosuppresive cytokine IL10. In the study of Qian et al, IL-10 significantly
decreased LPS-induced degeneration of
dopaminergic neurons, by inhibiting the
microglial production of TNF- and the
microglial induced oxidative stress (Qian et al.,
2006). This study shows that in PD activation of
microglia induces neural damage.
Microglia have a dual role in Alzheimer
disease. They can be neuroprotective by
degradating beta-amyliod (A )-plaques via
secreted nonmatrix matalloprotease (Qui et al.,
1997, Yan et al., 2003). Microglia and
macrophages have different abilities to
phagocyte A -plaques. Microglial lysosomes
are less acid compared to those of macrophages,
which impairs the fibrillary A degradation
(Simard et al., 2004). Proinflammatory
cytokines decrease the microglial phagocytic
activity, suggesting that microglia have reduced
phagocytotic capacity during inflammatory
response (Koenigsknecht-Talboo & Landreth,
2005; Hanisch & Kettenmann, 2007).
Minocycline, an anti-inflammatory drug,
improved the behavioral performance, by
reducing the numbers of activated microglia
(Fan et al., 2007). Reactive microglia in AD
brain also produce highly cytotoxic substances,
like proinflammatory cytokines, reactive oxygen
intermediates, proteinases, and complement
proteins, contributing to neural dysfuntion and
cell death (Griffin et al., 1998). Antiinflammatory mediators may partly antagonize
the neuroprotective functioning of microglia,
contributing to the disease progression and
chronicity (Henneka & 0‟Banion, 2007).
Microglia seem to be involved in
neurodegeneration, as well as neuroregeneration. Inflammation associated microglia
reduces neurogenesis, whereas T-cell activated

microglia promote the neurogenesis (Butovsky
et al, 2006). Enhanced microglial production of
TNF- can lead to neural apoptosis (Gonz‟alezScarano & Baltuch, 1999). Microglial cells can
remove denditic structures, probably through
microglial phagocytosis. In CXCR-3 deficient
mice no microglial migration towards lesion site
and no removal of dendritic cells is found
(Rappert et al., 2004). It was suggested that
removal of non-functional neural structures is
beneficial to the brain. It creates space for new
connections, which might help to the generation
of neural structures (Hanisch & Kettermann,
2007).
Ion channels and microglial activity
A wide variety of ion channels has been
identified and characterized in microglia. Most
studies have been performed in cultured primary
cells or in cell lines, only are carried out in brain
slices. Microglia can express ion channels,
including K+, H+, Na+, Ca2+ and Clˉ,
depending on the functional state of microglia
(Eder et al., 1998). For example, the expression
of voltage K+ channels is increased in activated
microglia (Eder et al., 1996). Voltage- and/or
Ca2+ activated K+ channels regulate the
proliferation, migration and the cytokine
production of microglia. Delayed rectifier (DR)
K+ channels might be involved in repolarizing
the microglial membrane potential after
depolarizing
events.
Membrane
hyperpolarisation
might
initiate
microglial
proliferation, migration, cytokine secretion or
phagocytosis (Gallin, 1991; Lewis & Cahalan,
1995; Zhou et al., 1998). A negative membrane
potential is essential for maintaining the driving
force for Ca2+ influx through calcium release
activated Ca21 (CRAC) channels, which
eventually leads to the regulation of the
microglial gene expression. So K+ channels are
involved in the regulation of the functional state
of microglia (Lewis & Cahalan, 1995; Eder et
al., 1998).
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Two types of Ca2+ channels are detected
in microglia, CRAC channels and voltage-gated
Ca2+ channels (Colton et al., 1994; Nörenberg
et al., 1997). Voltage-gated Ca2+ channels seem
to be involved in microglial superoxide
formation. In lymphocytes the elevated Ca2+
levels are essential for proliferation and gene
expression (Lewis & Cahalan, 1988). Chronic
increased basal Ca2+ levels reduces the
receptor-triggerd Ca2+ signaling. Besides, high
Ca2+ levels are required for the release of NO
and cytokines. This could have an important
role in some executive functions in activated
microglia (Hoffmann et al., 2003, Farber &
Kettenmann, 2005).
The expression of microglial Na+ channels
is regulated by astrocytes. These channels are
mainly expressed in ramified microglia (Sievers
et al., 1994). Sodium channel activation results
in rapid membrane depolarization, which seems
to trigger signaling cascades for microglial
activation. This might lead to an immune
response, such as microglial phagocytic activity,
migration and cytokine release (Eder, 2010).
Proton channels in microglia are modulated
by cytoskeletal disruptive agents (Eder et al.,
1998). Modulation of H+ channels due to
cytoskeletal reorganization leads to a decrease
in current density and an increase in activation
time constant after LPS stimulation. Therefore
H+ channel activity is also required deramplification of microglia, leading to a more
activated state (Schilling et al., 2004). During
phagocytosis, proton channels are involved in
H+ extrusion. Proton channels may help to
maintain the membrane potential of microglia
and pH by charge compensation during NADPH
oxidase mediated respiratory burst (Eder and
DeCoursey, 2001). By compensating the
electron-efflux
and
withstand
internal
acidification, proton channels might also help to
maintain the superoxide formation (Henderson
et al., 1993).
Chloride channels have an important role in
ROS-formation, phagocytosis and ramification

of microglia (Eder, 1998). Furthermore, Clˉ
channels are involved in microglial proliferation
and migration (Hines et al., 2009). Microglial
Clˉ channels might be related to shift in resting
brain potential. This shift to more positive
potential, by Ca2+ influx, near the Clˉ reversal
potential might regulate several microglial
functions (Eder, 1998). One of these functions
might be microglia chemotaxis towards the
injury site, contributing to the reduction of brain
lesions (Rappert et al., 2002; Hines et al., 2009).
Signaling of microglia
Microglia can sense neural activity based
on neural transmitter concentrations, like NO,
TNFand IL-6, by expressing neural
transmitter receptors (van Rossum & Hanisch,
2004). As mentioned above, ion channel activity
is closely related to the functional state of
microglia. In the healthy brain the activation of
microglia is restricted.
Once activated,
microglial immune functions are rapidly turned
down to prevent secondary neural damage
(Galea et al., 2007). This immune function is
regulated by so-called „On‟ and „Off‟ signals.
Off signals are found in the healthy brain and
their disappearance causes a microglial
response. On signals act and operate by
appearance and initiate a pro- or antiinflammatory microglial immune response (van
Rossum & Hanisch, 2004). On and off signal act
in a different way, but have not necessary
different functions (Figure 4 & 5; Biber et al.,
2007). For example, microglial phagocytosis
can be induced by absence of off signals, as well
as in presence of on signals (discussed below).
These two classes of signals contribute to both,
protective and damaging effects of microglial
activation.
Off signals
Members
of
the
immunoglobulin
superfamily (IgSF) suppress microglial immune
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Figure 4. Microglial activity regulation by neural signals.
(a) Off signals, contrittutively found in healthy neurons,
reduce microglial activity under inflammatory conditions
(red). Released Off signals can be CX3CL1, TGF- and
various neuro-transmitters. Membrane bound Off signals,
like IGSF molecules, are probably involved in the
interaction between activated microglia and neurons at the
injury site. Whether synaptic activity is involved in the
release of Off signals is still unclear. (b) On signals are
expressed by impaired or damaged neurons (red lightning
bolt). Releases On signals, including chemokines, purines
and glutamate, can initiate both microglial protective or
detrimental activity. The release site for neural signals is
still unknown. The membrane bound On signals, like
TREM2, expressed by apoptotic neurons intiate microglia
phagocytosis (Biber et al., 2007).

function (Figure 4a) and might work under
inflammatory conditions. CD200 and CD47,
both members of IgSF, are highly expressed at
neural membrane surface. Microglial cells
contain CD200 receptors. In CD200-deficient
mice microglia are less ramified, they have
disordered arrangement and a shorter glial
processes (Hoek et al., 2000).
The increased microglial response is
confirmed by upregulation of MHCII antigen
expression, iNOS and TNF- production
(Broderick et al., 2002, Deckert et al., 2006).
These findings suggest that CD200 has an
inhibitory function in brain inflammation (Hoek
et al., 2000). In response to neural damage, the
neural membranes release CD22, which inhibits

Figure 5. On and Off signals act in a different way, but
do not have necessary different functions. Off signals
are constitutively released by neurons, act by
disappearance. On signals, expressed by overactive and
damaged neurons and act by appearance. Both signal
classes contribute to beneficial or detrimental functions
of microglia (Biber et al., 2007).

microglial
proinflammatory
cytokine
production. Treatment with CD22 antibodies
increased the microglial activation, suggesting
that CD22 mediates, at least in part, the
reduction of microglial TNF- production (Mott
et al., 2004). CD47 is expressed by astrocytes,
endothelial cells, and neurons, whereas its
receptor CD172a (SIRPa or SHPS-1) is present
on microglia and neurons but not on astrocytes
(Reinhold et al., 1995). Activation of CD172a
downregulates microglial phagocytosis, TNFexpression and inhibited migration of
neutrophils across the BBB (Latour et al., 2001;
Tan et al., 2000; de Vries et al., 2002), leading
to the
downregulation of the microglial
inflammatory response.
Complement regulators, including CD31
and CD46, are expressed on neurons, astrocytes
oligodendrocytes and microglia (Elward &
Gasque, 2003). In apoptotic cells, CD46 was
released from the membrane surface, making
the cell a target for phagocytosis (Elward et al.,
2005). CD31 and CD46 provide a detachment
signal. Therefore, the presence of CD31 and
CD46 on neural cells inhibits their phagocytosis
by microglia. (Brown et al., 2002; Elward &
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Gasque, 2003; Elward et al., 2005). This ‟don‟t
eat me‟ signaling and inhibition of the
inflammatory response that can promote tissue
repair.
CX3CL is a chemokine that is
constitutively expressed by healthy neurons and
astrocytes, respectively (Harrison et al., 1998).
Its receptor is found in microglia and CX3CL is
involved in microglia activation. Neural damage
induces CX3CL upregulation in microglia
(Zhuang et al., 2007). CX3CL registration
activates p38 MAPK in spinal cord (Clark et al.,
2007) and injection with antibody against
CX3CL reduced p38 activation (Zhuang et al.,
2007). Furthermore, CX3CL deficiency in mice
is associated with increased neural death and
microglial activity (Rappert et al., 2004). These
results indicate that CX3CL reduces the
inflammatory neural death, by suppressing
microglial activity by activating p38MAPK.
Neurotransmitters, except glutamate, inhibit
the release of various proinflammatory
molecules, including IL-1 , TNFand
chemokines, depending on the type of
neurotransmitter. These findings imply that
microglia can sense neuronal activity by local
neurotransmitter levels (Faber & Kettenmann,
2005). This off signaling reduces the microglial
release
of
proinflammatory
molecules.
Transforming growth factor (TGF)- , an antiinflammatory cytokine, is also primary
expressed by neurons. Microglial activity was
found to be increased in TGF- -deficient mice,
indicating that TGF- might contribute to offsignaling in the brain (Brionne et al., 2003;
Biber et al., 2007).
On signals
Purines are potential on signals (Figure 4b)
and are released by damaged or overactive
neurons (Wang et al., 2004). P2Y12 receptor
senses purine release at an early fase after neural
injury. P2X12 blocker Pertussis toxin (PTX)
inhibits the ruffling. Small G-protein Rac

activated by ATP and ADP stimulation, is also
found to be down-regulated after PTX treatment
(Fumagalli et al., 2004). Extracellular ATP acts
as a chemo-attractant for microglia (Haynes et
al., 2006). Taken together, it seems that ruffling
and chemotaxis of microglia, regulated by ATP
or ADP, are mediated by P2X12. P2X7R
activation also contributes to the activation of
multiple microglia responses induced by ATP.
Activation of P2X7R, induces secretion of proinflammatory cytokines and chemokines,
leading to the formation of membrane pores in
microglial cells (Ferrari et al., 1997). This
results in apoptotic death of microglia.
Interestingly, low activation of P2X7R
increased microglial proliferation (Bianco et al.,
2006). So P2X7R might have an important role
in the regulation of microglial proliferation and
cell death. The P2X6 receptor is upregulated in
kainic acid induced neural injury. Kainic
induced neural injury results in increased
extracellular ATP, which is immediately
metabolized into UDP. In damaged neurons,
UTP leak causes phagocytosis (Koizumi et al.,
2007). ATP/UDP might act as a chemoattractant for microglia, which remove the
necrotic cells. ATP induced activation of p38
via P2X4 receptor leads to microglial release of
brain-derived neurothropic factor (BDNF)
(Trang et al., 2009). BDNF induced central
sensitization via dis-inhibiton (Coull et al.,
2005). Inhibition of ATP or P2X4 in mice
prevented tactile allodynia, which is an
abnormal hypersensitive reaction to harmless
stimuli (Tsuda et al., 2003; Tsuda et al., 2005).
Therefore P2X4 could be a therapeutic target for
the prevention of neuropathic pain.
Excessive release of glutamate is associated
with neurodegeneration (Farber & Kettenmann,
2005). Its release causes neural death and it act
as an activation signal for microglia cells.
Activation of glutamate receptor triggers the
release of TNF- IL-6 and L
via activation
of p38 MAPK (Ji & Suter, 2007). TNFbinding to microglial-derived Fas ligand leads to
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neurotoxity (Taylor et al., 2005). TNF-α
enhances excitatory synaptic transmission by
increased frequency of spontaneous excitatory
postsynaptic currents and the amplitude of
AMPA- or glutamate NMDA-induced currents,
leading to central sensitization. Neuropathic
pain sensitization can also manifest as a
decrease in inhibitory synaptic transmission by
IL-6 (Coull et al., 2005; Kawasaki et al., 2008).
IL-1β can enhance excitatory synaptic
transmission, as well as decreasing inhibitory
synaptic transmission (Coull et al., 2005;
Kawasaki et al., 2008).
In neuronal cells, matrix metalloproteinase
(MMP)-3 participates in apoptotic signaling in
response to cellular stress. MMP-3 triggers the
microglial production of proinflammatory and
cytotoxic molecules as well as MMP-3, which
in turn contribute to neuronal damage. MMP-3
is upregulated in PD and AD (Cauwe et al.,
2007; Horstmann et al,. 2010). It has been
shown that MMP-2, MMP-3 and MMP-9
mediate the BBB disruption, which allows
infiltration of neutrophils into the brain (Gasche
et al,. 2001; Gurney et al., 2006). This can lead
to neural inflammation and neural death.
Activation of triggering receptors expressed
on myeloid cells (TREM)-2 increases
phagocytotic activity of microglia. Resent
studies have shown that activation of the
TREM2 receptor induced phosphorylation of
DNAX activating protein of 12 kDa (DAP12),
as well as activation of microglial phagocytosis
by triggering protein tyrosine kinase ERK
(Bouchon et al., 2001; Hamerman et al., 2006).
Knock down of microglail TREM2 reduced
phagocytosis of apoptotic neurons, but also
increased the proinflammatory cytokine
production of TNF- and NO synthase-2
(Hamerman et al., 2006). It was suggested that
TREM2-DAP12 signaling mediate CNS
homeostasis
by
reducing
microglial
inflammatory activity (Biber et al., 2007).
Furthermore, TREM2 regulates the migratory
capacity of microglia by changing actin

polymerization and cytoskeleton organization
(Takahashi et al., 2005).
Chemokines have an important role in the
pathogenesis of neurodegenerative diseases like
AD and MS, as well as in neurological
disorders, like stroke and ischemia (SavarinVuaillat & Ransohoff, 2007). Under
physiological conditions, the chemokines
CXCL1, CXCL8, and CXCL12 modulate
neurotransmitter release and regulate ion
channel activity (Bertollini et al., 2006).
Chemokines are released by endangered
neurons. Stimulation of TREM-2 increased the
expression of chemokine receptor CCR7
(Bouchon et al., 2001) and promoted migration
towards its ligands, CCL19 and CCL21
(Takahashi et al., 2005). CCL-21 activates
microglia and induces neuropathic pain (Zhao et
al., 2007). CCL21 activates both CCR7 and
CXCR3. CXCR3 and its ligand CXCL10 are
expressed in neurons and astrocytes, in AD and
MS brain (Xia et al., 2000; Filipovic et al.,
2003). CXCR3 deficiency is strongly related to
impaired microglial migration compared to wild
type cells (de Jong et al., 2005; Rappert et al.,
2004). These findings suggest that chemokines
have an important role in the migration of
microglia. Furthermore, CCL2 (or MCP-1) can
be up-regulated in response to injury or
degeneration. Its receptor activation on
microglial cells induces chemotaxis. CCL2
deficiency is associated with decreased
microglial activity, accompanied by transient
improvement of neural survival (Muessel et al.,
2002). It is recently shown that intra-spinal
CCL2 induced extensive microglial reaction in
the ipsilateral spinal horn (Thacker et al., 2009).
These findings suggest that CCL2 is critical for
spinal microglial activation and neurotoxic
microglial activity.
Microglia in the aging brain
In recent study of Streit et al, dystrophic
microglia were found in the human brain (Streit
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et al., 2004). These microglia have
abnormalities in their cytoplasmatic structure,
such as deramification, atrophy, spheroid
formation and fragmentation of processes
(Figure 6). The amount of dystrophic microglia
is increased in the older brain, suggesting that
dystrophy is related to cell aging (Streit et al.,
2004). Under neuropathological conditions,
such as schizophrenia and AD, microglia
degeneration and death are upregulated,
supporting the idea that microglia are involved
in the pathogenesis of neurogenerative disease
(Streit, 2006).
Normal aging of the brain is accompanied
by increased activation of neuroglial cells.
Electron microscopy showed progressive
increase in microglial activation with age, while
there is little change in the activation of
astrocytes and oligidendrocytes (Vaughan &
Peters, 1974). It is unclear why microglial
activation significantly differs during aging.
One possibility is inhibition of microglia and
astrocyte proliferation at young age by TNF- 1,
a
strong
anti-inflammatory
cytokine.
Proliferation was enhanced across the life span,
suggesting that aging promotes a proliferative
microenvironment of the brain (Rozovsky et al.,
1998; Vaughan & Peters, 1974). Age-related
increased microglial activation was also
consistent with decreased sensitivity to TGF- 1
(Rozovsky et al., 1998), that might contribute to
neurogenerative diseases.
Another possibility is induction of IL-1
and IL-10 in the aged brain. The
imunnosuppresive cytokine IL-10 significantly
reduced the microglial production of TNF- ,
NO, ROS formation after LPS stimulation (Qian
et al., 2006). In contrast, IL-1 is a proinflammatory cytokine. Decreased IL-10
expression of aged related microglial activation,
may lead to increased IL- expression (Ye and
Johnson, 2001; Chen et al., 2008). Expression
of MHC-II was upregulated in aged microglia
and the most promentent induction of IL- was
found
in
these
MHC-II+
microglia.

Furthermore, LPS injection caused excessive
microglial activation and protein induction of
both IL-1β and IL-10 in aged microglia. Taken
together, these findings show microglial
hyperactivity in the aged brain and that this
contributes to excessive neuroinflammation
(Henry et al., 2009).
Neurotoxin
1-Methyl-4-phenyl-1,2,3,6tetrathydropyridine (MPTP), that damages
dopaminergic cells in PD brain, might also be
involved in age-related microglial activation.
MPTP is upregulated in the aged brain (Sugama
et al., 2003). Direct neural damage by MPTP
leads to reactive gliosis. In return, microglial
activation enhances the neurodegeneration,
leading to the progression of diseases such as
PD and AD (Liberatore et al., 1999; Wu et al.,
2002). Age-related MPTP activation may be
relevant to ROS formation upregulated in the
aged brain, suggesting that ROS-formation
might be related to microglial activation (Blum
et al., 2001, Sugama et al., 2003). Antioxidants, including N-acetyl-O-methyldopamine
(NAMDA), downregulated microglial activation
(Gao et al., 2003). These findings imply that
endogenous anti-oxidants is decreased in the
aged brain (Sugama et al., 2003). This might
lead to enhanced microglial activity and
progression of neurodegeneration at old age.
Dystrophic
microglia
are
related
to
neurodegenerative changes in AD. Nonactivated, ramified microglia, are colonized with
degenerating neuronal structures positive for tau
(neurophil
threads,
neuritic
plaques,
neurofibrillary tangles) in AD brain, suggesting
that microglial activation is not induced by A
(Lopes et al., 2008; Streit et al, 2009). These
findings imply that age-related microglial
dysfunctioning, rather than induced microglial
activation contributes to neurodegeneration in
AD. Dysregulation of proliferative response and
age-related change in morphology of resting
microlia is found in the aging brain of rodents.
Morphological changes and reduced regulated
proliferation
might
reflect
microglial
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Figure 6. Age-related microglial deterioration. In the first
phase microglia are HLA-DR-positive and differentiate
to HLA-DR-positive ramified microglia or HLA-DRnegative microglia become HLA-DR-positive. In stage
two, the HLA-DR-positive ramplified microglia develop
spheroidal swellings and beaded or deramified processes.
In stage three, degenerative changes such as
fragmentation, atrophy (loss of processes) and apoptosis
can occur. There are many possibilities how microglia
may differentiate from one stage to another, but the exact
way is still unknown. A likely theory is altered interaction
among microglia (Streit et al., 2006).

senescence, which is the loss of mitotic ability
after repeated round of replication (Conde &
Streit, 2006). Together these observations
confirm the dysfunction hypothesis of AD,
namely that development of age-associated
neurodegeneration is caused by age-related
decrease in microglia neuroprotection which
occurs because microglia are subject to cellular
senescence (Streit et al., 2004).
Discussion
The brain is isolated from the adaptive
immune system by the BBB. Resident cells like
microglia, participate in the innate immune
system by initiating apoptosis of infected or
damaged cells and removing apoptotic cells in
the CNS. Recent findings show that microglia
are very dynamic, even under non-pathological
conditions. Therefore the concept of „activated‟
versus
„resting‟
microglia
should
be

reconsidered. Microglia should be considered as
very active and flexible neural cells.
In the past microglia was associated with
detrimental activity. Contrary, microglia also
have beneficial functions with might lead to
neural protection. One of the protective
functions is degrading A - plaques in the AD
brain.
Furthermore,
microglia-induced
stimulation of growth factors and removal of
myelin
debris
in
MS
creates
a
microenvironment for regeneration and neural
repair. More research on the neurotropic effect
of microglia and identification of such
protective immune pathways is needed to design
novel therapies for neural disease in the future.
Recent evidence suggests that ion channels
are important in microglial activation. There is
also reason to believe that microglial ion
channels participate in several ways in the
regulation of chemotaxis, proliferation and
ramification. Thus, ion channels of microglia
might be good candidates for a therapeutic
targets in neurological disease. It is not well
understood why the ion channel expression
changes during activation and differentiation of
microglia. Improved knowledge of these
expression patterns may contribute to the
understanding of the function and regulation of
microglial ion channels, and thereby the
behavior of microglia.
Neurons seem to have an important role in
the control of microglial functioning. Off
signals, released by neurons, are important to
maintain the neural system homeostasis,
restricting microglial activity. On signals are
released by impaired or damaged neurons,
which activate the neuroprotective or neurotoxic
function of microglia. Identification of these
signals may lead to better comprehension of the
dual role of microglial functioning.
Microglia become more active during
aging, this is clearly recognized by the increased
numbers of enlarged, and especially phagocytic,
microglial subtypes. This age related microglial
activation leads to enhanced cytokine
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production, such as IL-10 which might lead to
increased risk of AD. Microglial hyperactivity
in the aging brain is also associated with
enhanced induction of
and IL-10. In AD,
downregulation of A
promoting genes
contribute to neurogeneration. Increased
microglial activation is accompanied with
atrophy in the aged brain, which is associated
with reduced cognitive functioning and
memory, indicating impaired cellular function.
So it seems that age-related increased microglial
activation leads to aging of the brain.
Concluding, microglia are very important in
the immune regulation of the CNS, repairing
neural damage and also in developing and
promoting neurodegenerative diseases. A better
knowledge of microglial behavior will be
necessary in understanding the pathogenesis of
ischemia and neural diseases, in order to
develop effective therapies.
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