CHAPTERII

Literature Reviews

Microglial Activation is a double-edged sword.

Resident microglia § yously distributed in non-overlapping
territories in the brain. In tl development microglia show a

macrophage-like morph@ rel vel body and short processes and

are generally known as " . Amoeboid microglia have

been proposed to play pattern in the developing
CNS. The number of brain far exceeds what is
necessary and the maj
amoeboid cells actively pagicipate in clca e debris formed by the dying neurons.

As the brain develops, ame

have smaller cells bodies wﬁ;bﬁg aniched ‘processes. Ramified microglia are

thought of being f1.m'_')I Bactive-ofih-a-Feshng-ciae akajima et al., 2001).

. —4 i
The b function of microglia in the*CNS is to maintain tissue

integrity underﬁl uﬂsmg ﬂ‘gﬂm wﬂmT ﬂnﬂd and the damage is

subtle and not figcessarily resultmg in cell death, mlcrogha play a protective role.
s QYR BB I o i
support régenerative processes (Aldskogius, 2001). They are known to express and
secrete growth factors that act on neurons and other glial cells. Included in this list are
NGF, BDNF and NT-4/5 and their expression levels could be elevated by
inﬂammetory stimulus as LPS (Miwa et al., 1997; Elkabes et al., 1996).

Activation of microglia appears to be a double-edged sword. Activated

microglia are found to be performing cytotoxic as well as protective functions under



various pathological condition. When tissue is severely damaged and the neural tissue
is dying, microglia act as scavengers and remove the tissue debris, including the
bacterial or viral invaders. The cells in these situations are strongly cytotoxic by
secreting free radicals, NO, and proteases that help in scavenger activity (Streit, 1988).
An interesting point is whether activated microglia somehow kill neurons by
producing cytotoxic molecules. As suggested by their resemblance to tissue
macrophages, activated microglia ‘ﬂ\ /aVe been shown to produce several
potentially cytotoxic molecuhg,,_n l‘udm

1987), nitric oxide (W J, IMproinﬂammatory cytokines.
'ﬁ%&amylmd (McDonald et al.,

ction ofoul factors from microglia.

1de anion (Colton and Gilbert,

Lipopolysaccharide (L
1997) are among the sti
Reactive oxygen speci ide anions, hydroxy radicals, and
: ic a;h{ to myelin and its forming
cells, oligodendrocytes, owing to th,pg; c: it inducing lipid peroxidation. LPS
and phorbol-12-myristate-1 ac@ﬁPM@ﬁ 1
cultured microglia. N%irogen oxi&éifjshch'WI reactive free radicals, of

lators of ROS production from

-

which nitrite peroxide-s-the-strongest-species:These-ra dicls are believed to inhibit
respiratory enzymes, gdize the SH gr tein‘ﬂ and enhance DNA injury,
finally resulting in neuronaleell death (Nakajima and Kohsaka, 2001). In the presence
of INF-y, B- n@ou%}lrg' ti%ﬁlﬂt%l@jﬂe&l&lﬁﬁwf NO and TNF-a in
microglia (Meda et al., 1995). The taf ets of TNF=tuin the CNS havé been reported to
be ohg(% m:;lean\gﬂ;jgu uw:] gbmyﬂ t’l] atEJm vitro. Some
neurons have also been reported to undergo apoptosis by treatment with this factor
(Nakajima and Kohsaka, 2001). The producers of TNF-a in the CNS are microglia as
well as astrocytes. Although activated microglia-derived TNF-a. has been suspected to
cause iﬁﬂammation in MS and AIDS dementia, recent evaluation of TNF-a function

by gene knockout has showed that TNF-a is not essential for the initiation and/or

progression of inflammation (Liu et al.,, 1998), suggesting that TNF-o. is not



necessarily neurotoxic. Additionally, microglia-derived eicosanoids, vasoactive

histamine or an excitotoxic glutamate may possibly promote the degenerative
processes and inflammation. It can be imagined that neurons in pathological states can

be severely damaged if acted upon cooperatively by potentially cytotoxic molecules.

Microglial activation in acute brain injury and chronic brain inflammation

In acute injury SKN\W’/ of the facial nerve, microglia in the

facial nucleus begin to ch ologxc er transection and proliferate 2-

3 days later. Subsequent e in number over a period of

1-2 weeks and surroun

two, based on phagocyti€'pr es (Streit €t al. ; Graeber et al., 1998). One state
is activated (0X42", Ibal® by nonmkagq _r .The other is activated (0X42,

Ibal) and phagocytic (ED1’). @y ;xpress antigen for ED1 antibody
L S

depends on the preASﬁnce or é'lﬁeﬁc’e of M ;he milieu. This activated

microglia are deriy !'—ﬁWf mified microglia, because facial nerve

transection at the styloaastmd oramae CS not _injurQ!‘jhe BBB of the axotomized

facial nucleus d no ﬂ’e eral monoc%’lmeaﬁ celﬁmﬁltrate into the brain
parenchyma. 1[] EI w "]
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disease, multlple sclerosis (MS) and acquired immunodeficiency syndrome (AIDS),
microglia/macrophages in the activated state are observed in the affected sites.
However, it is difficult to observe the responses of only resident microglia, because
blood-de:rived cells including monocytes and macrophages infiltrate into the brain
parenchyama, and these infiltrated cells and resident microglia can not be

distinguished from each other due to their shared immunological markers. Presumably,



resident microglia as well as the infiltrated cells are activated in these chronic diseases

and act as immune and/or inflammatory cells (Nakajima and Kohsaka, 2001).
Brain iron and Activated microglia

Although, iron is essential for normal brain growth and development,
because it forms an important component of hemoproteins and enzymes involved in
neuronal oxidative metabolism, W r synthesis, and myelin synthesis

(Dallman et al., 1986), too m may more devastating effects. This is

due to the ability of i iron (o cataly eneration of free radicals in biological

systems is well kno iron is tightly complex with

proteins, but can als

complexes, such as fer@€ ci : (H ( ea\jr and Pollack, 1989). This
i (i) 4

ide and superoxide, both

xyl radicals (Floyd, 1990).

1995) and other CNS d&rdgfs et al.,a993; Halliwell et al., 1992;

Sayre and Perry, 1999). A8 agesult, the distributions of iron binding and iron transport

i e Ep bl U211 3 LV Tt . 20
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Mostly studies concerning microglial activation have not been focused
on cellular iron content of microglia. As seen in many neurodegenerative diseases such
as AD, Parkinson’s disease, AIDS-related dementia, multiple sclerosis (MS) and
stroke, Iﬁicroglial activation is progressive and generally accompanied by intracellular
iron accumulation of iron (Craelius et al., 1982; Levine et al., 1989; Kaneko et al;

1997). Previous studies indicated that accumulation of iron in microglia affected the



production of nitric oxide (NO), tumor necrosis factor (TNF), as well as the
expression of a family of zinc-dependent endopeptidase known as matrix
metalloproteinases (Cheepsunthorn et al., 2001b). Recent study shows that activity of
brain MMPs can be modified by intracellular iron status (Cheepsunthom et al., in

preparation). First, the amount of MMP-9 secreted by activated microglia is increased,

if the cells are loaded with iron. This finding is consistent with the observation that
elevated levels of MMP-9 is locali

t\lf%tly in iron-rich amyloid plaques
N

(Backstrom et al., 1996), as v‘m the p Bgtlents with Alzheimer’s disease
(Lorenzl et al., 2003). Ther .

wn-what role of iron plays in microglial

activation.
Inhibition of Microglia
-
s of the CNS. Because of their
ability to react promptly to to: the CNS, microglia have been

et ¥ i(.-

-— —
described as the sensor of pathologﬁﬁ lian_ i etal., 2005). It is currently viewed that

"
chronic stlmulatlon\‘.pi

es-such as Parkinson’s disease,
f

amyotrophic lateral sc er051s and Alzhelmer s disease. Many stimuli can induce

microglia actlvﬂxunEJh% Wﬁ m Wﬂeﬁ} ﬂﬁthey invade the CNS.

Llpopolysaccharfde (LPS), a component of the wall of gram-ne%‘)ve bacteria, is a

onin) 561 TR o DI e s

1nteract101?. LPS binding to the Toll-like receptor 4 (TLR4) of microglia activate a

neuronal death that ocﬁs in neurode
I 2 t

complex array of intracellular signaling pathways involving tyrosine kinases, mitogeh-
activated protein (MAP) kinases, and nuclear factor (NF)-xB mediated cytokine gene
expression (Aderem et al., 2000). Mitogen-activated protein kinases (MAPKs) are
amon‘g the most important molecules in the signaling pathways that control the
synthesis and release of neurotoxic substances by activated microglia (Ozato et al.,

2002). It is reported that MAPKSs regulate the production of cytokines IL-1B, TNF-o.
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and reactive oxygen species (ROS) in LPS- or AB-activated microglia. (Koistinaho et
al., 2002; Combs et al., 2001; Bhat et al., 1998; Garcia-Pineres et al., 2001; McDonald
et al., 1997; Pyo et al, 1998). p38 MAPK has been implicated in the signal
transduction pathways responsible for increased iNOS and TNF-a gene expression in
glial cells (Bhat et al., 1998; Silva et al., 1997; Won et al., 2001; Xu et al., 2000).

Inhibition of microglial activation is a promising target in the treatment of _
neurodegeneration. Not only proteu\s“tff C), NF-xB (Fiebich et al., 1998) and
p38 MAPK, but also p42/ as be involved in the LPS-induced

in cro at et al., 1998) and the microglial
4 20 ). ' further described in iNOS

signal transduction, leadin

related mononuclear ¢

promoter studies that an activation of the AP-1

transcription factor coryg t fore, plays a crucial role in
p play

iNOS signal transduction'] /44 MAPK is an interesting
target to be inhibited by pha ading to a reduced iNOS and

NO release in microglia /2 dr"l'bﬂher c@ve 1 studies have suggested that

minocycline, a second-genera&oﬂ’ra:’acyém, tic that has recently been found
to have numerous -------- /1ues, prevent icroglial activation and is

l of

. . . e . . .
neuroprotective in mo nsﬂl’s disease, traumatic brain

injury and glutamate-induced nerotoxicity (Ledeboer et al., 2005). In vitro study, the

protective effeﬂuﬂy'g NN INEIDD T vuion of 05

IL-lB-convertmg enzyme, which aré mainly express in microglia/(Ledeboer et al.,

2005). @ m’lalh\ﬂwﬂ ﬁeml:ll ’lltm EJ ’Hpa rEJogen activated
protein klnase (MAPK) in microglia cells and a specific p38 MAPK inhibitor but not a
p40/42 MAPK inhibitor reduced the NMDA toxicity. Furthermore, minocycline can
reduce the production of chemokines (MIP-1a) and chemokine receptors (CCRS,

CXCR3) in response to LPS (Kremlrv et al., 2004).
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Neuroprotective Effect of Estrogen

Recently, several studies demonstrated the neroprotective effects of
estrogen in CNS and an anti-apoptotic effect of 17B-estradiol (E,) in neural cells'(Behl
et al., 1995; Goodman et al., 1996; Green et al., 1996; McMillian et al., 1996; Toran-
Allerand et al., 1996; Behl et al., 1997; Hashimoto et al., 1997; Garcia-Segura et al.,

1998; Xu et al., 1998; Pike et al J!%‘ l’,#/)roprotectlve action has been claimed

to be independent of genmn&cptor—m t1v1ty Behl’s and other groups

showed that in immo

expressing the ER, or in
dissociated embryo ne ‘glutar citotoxicity, oxidative stress,
or B-amyloid at a con.
1996; Regan et al., 1997). uthorsiha g ted\that the protective effect of
E, is exerted via m i ; i ction signals induced via

nongenomic paths (Has v ' avor a genomic effect which

7 L",. i
et

neurotrophic factors lj\/chllhan ét-al.,

lleﬁmd et al., 1996), or anti-
ike et al., 1999). However, other

studies showed a lackgf pratect by low concentraﬂns of E, in cells of neural

origin deprive (0] cells stably transfected
with ERa.. Thl@ ﬂﬁcﬁﬁﬁ ﬁiﬁﬁﬂ?ﬁﬁ ffects in E,-dependent
protectﬂ dj al ﬁ)‘im ﬁ/ g( estrogen via a
genomic inechanism is also supporteg ﬁo‘l Z - asﬁ!l regulates the

expression of several genes implicated in the apoptotic process. In particular, E, was

described as increasing the synthesis of Bel 2 in MCF-7 cells (Teixeira et al., 1995)
and decreasing the expression of a novel pro-apoptotic gene, nip2, in neuroblastoma

(Garnier et al., 1997) and in rat embryo neurons in primary culture (Meda et al., 2000).
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Recent evidence demonstrates that glial cells (oligodendrocytes and
astrocytes) may be a target of gonadal steroids since they express both ERa and
(Jung-Testas et al., 1992; Santagati et al., 1994; Buchanan et al., 2000). Recent studies
show that E, treatment of resting microglia were isolated from culture of new born rat
brains in vitro or in vivo prior to its activation with lipopolysaccharide or other
inflammatory stimuli prevents the morphological differentiation associated with
activation (Vegeto et al., 2000). I){‘\\Jw ey showed that estrogen treatment
prevents the secretion of @ amn\émuh such as metalloproteases

(PGE2), and blocks the LPS-

(metalloproteinase-9 or
induced increase of i t al., 2000). These effects

seem to be mediated y specific ER antagomsts

Furthermore, immuno S sﬁowed the presence of ERa
protein and ERacand E =day-old rat microglia. These

findings pointed a pote of estrogens in the nervous

I"’

system. This finding may have Man@bséions in the understanding of the

beneficial role of estroﬁens in nemddééel;’el% ;

e_:no*i* mechanism of action of estrogen on the

-

inflammatory mediators, many studi ggestive of @ receptor-mediated genomic

uﬂﬁéﬂ mﬁm&lﬂa nist ICI 182,780, and
e R R TR e

that estrogen modulates target cell activity by binding to specific intracellular receptors,

control. Estrogen exerts® its. actlvﬂ at corcentrations compatible with receptor
activation. And@:k

which are hormone-regulated transcription factors (Katzenellenbogen et al., 1996;
Kuiper et al., 1996). Hormone-activated estrogen receptors (ERs) may modulate gene
transcription by direct binding to promoters containing an estrogen responsive element

(ERE) orvia the interaction with other transcription factors (McKay et al., 1999; Webb



13

et al., 1999) or unidentified membrane receptor (Gu and Moss, 1996; Norfleet et al.,
2000).
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