CHAPTER 11

Review Literatures

Alzheimer’s disease

AD is the most common cause of dementia among people age 65 (Katzman,

1986), and risk goes up with age. D e course of AD, nerve cells die in particular

regions of the brain. The brai ks evelop in the temporal lobe and

i i e eponsible for evmg new information. This in
turn affects people is V( ler; s ak, 4 : K and make decisions. It has not
yet known what specifi ekve ¢ \~ eaving certain characteristic
appearances of the brai ‘ W, ﬁbrillary tangle ( and plaques
made from protein frag obsé ved uhc . nicroscope in damaged areas of

, 1991; LeBlanc et al., 1996;

KIn AD, the affected nerye- cell { ton is oﬁen altered and presented as
neurofibrillary tan :‘"';'""’ Koc cral., 19915 LeBlaie ¢/ al. ‘ 996 Kosik et al., 1994).

i

NFTs are found in th A3 nsﬂ'hey are made up of poorly

soluble hyperphosphory}ated isoforms of tau a microtubule-binding protein that

normally is Sﬂbﬂﬁq l‘ym ‘ﬂi‘g w H;ﬂeﬂv@nt in neurons of the

entorhinal corﬂk which recelve% inputs frmE.h 1socortex anbprOJects to the
hlPPOQilg'q qtaﬂ\g ﬁfﬁw wl’ayla( W%; ’t-l}ea H‘tex As these
neurons d ie, the synaptic inputs in regions of the brain critical for normal cognitive and
memory function are lost. Fundamentally, the cytoskeleton is essentlal for maintaining
cell structure and intracellular trafficking of proteins and organelles, including
transport along axons. Thus, disturbances of the cytoskeleton are likely to impair
axonal transport and thereby compromise the functions of synaptic inputs and,

eventually, the viability of neurons. The affected nerve cells eventually die and the



extracellular neurofibrillary tangles are left behind as tombstones of the cells destroyed

by this disease.
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Figure 1 Neurofib; gﬁ;;_,_.m_-'-.-..._%a has shown _that

neurofibrillary tangles afe ce ally=phosphorylated tau protein

(a neuron-specific phosphoprotein that is the major constituent of neuronal
P p. P P ]

mieronules) ﬂ UIINYNINYINT
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Kosik et al., 1994). Senile plaques are classified into two major types : the classical
(neuritic) and the diffuse (preamyloid) plaques. The classical plaque is a complex
_lesion of the cortical neuropil containing several abnormal elements with a central
deposit "the core" composed of extracellular amyloid fibrils or AP (Masters et al.,

1985; Glenner et al., 1984) surrounded by dystrophic neurites (both dendrites and



axonal terminals), activated microglia, and reactive astrocytes (Terry et al., 1994;
Selkoe,1991). The diffuse plaques contain nonfibrillar (amorphous) Ap and are devoid
of amyloid core with very few surrounding dystrophic neurites or activated glia. The

principal constituent of amyloid is a 4 kDa peptide called AP amyloid.

AP is cleaved from a larger precursor protein, amyloid precursor protein (APP).
APP is present in the dendrites, cell bodies, and axons of neurons. Neuronal APP is
‘ in the CNS in patients with AD.

ar&dentiﬁed. APP is synthesized in

the endoplasmic recticulumglyCosylated ix i.apparatus, and delivered to the

likely the source of most of

cell surface as an integrdl mérbran ein. Some ese molecules are cleaved -
within the AP sequencé! th | venti g the formation ofithe AP peptide. A fraction of'
cell to generate various forms

truncated forms of the AP

U~}

AP peptide at or near the cell. Annacit e el 1959:7 ‘olfe et al., 1999) (Figure
2). The AP peptide is ds.'ﬁl length, that is, AB1-40.
However, AB1-42 and AQI ;1.3 nucleate mor&r’apidly into amyloid fibrils than AB1-40

doe. n the o8| e oA H AN B4 B Grarome, 4p amyi

deposition begir&I with AB1-42 and @1-43, but no&with AB1-40. T&g AB1-42 peptide
sppeaiSly SEPETEROGEY b doldb B ik £ £
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Despite the widespread presence of neurofibrillary tangle and senile plaques in
the brain of AD patients, their specific and individual roles in the pathogenesis of this
disease are not clearly defined and the mechanisms by which neurons are injured and
eventually lost in AD brains remain poorly understood. Many studies have supported

the hypothesis that AB deposition may play an early and, in some cases, causative role



in the disease. One pathway of AB-induced neuron damage involve cellular activation

of inflammatory cells such as reactive microglia/brain macrophages
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Figure 2 The detail of a-, B-, and y-secretase
cleavages. The endopepti adseerefase gicaves within the AB region, resulting in
the secretion of the extrace omain of Al ence, the cleavage does not produce

the AP peptide. In contrast he ; cretase=ag ecretase cleavages do result in

. N
Microglia : m

The microglial cells are commonly thought to represent the CNS’s macrophage

prosusrs, un i g f W ifhindbhat e e upter'scns

the liver and L?ngerhans cells in the skin. Genperally, they areisaid to have a
mesodeQanri} M ﬂ/@ mdulm;mmtﬂtaeaﬂthe vascular
supply of the brain is being elaborated. The major sources of these cells are usually
considered to be the pia mater, the walls of the vascular elements, and the tela
choroidea. They are found in all regions of the brain, and there are more in gray than in
white matter. The phylogenetically newer regions of the CNS (cerebral cortex,

hippocampus) have more microglia than do older regions (brainstem, cerebellum).



Mature brain, microglia constitute from 5-20% of the neuroglial population (Lawson et
al., 1990). They seem to be inactive (resting, ramified) and adapt the morphology of
their cell bodies and processes, and the expression of cell surface markers, to their
microenvironment, as do the resident monocyte-derived macrophages of other tissues
(Lawson et al., 1990). Resting microglia in adult animals may become reactive and
convert into macrophages after brain injury or degenerative process in the CNS (Streit

et al., 1988). Under such condition b

may histiocytes derived \{;\ g¢s 1 walls, and the blood. Activated

i CAL DIOCE ARl n& the site of the injury, where
they turn into macroph . debris re 3). At this time, the cell may
assume either a rod like fof : _\ r.shape as they become laden
with lipids and cell remnauits. ','; .' the vicinity of blood vessels,
but whether they dischargé tiiei

through is uncertain.

QVﬂﬂ\ﬂﬂim u'm'mma d

~ Figure 3 In the normal brain, microglia constitue approximately 20% of all glial

cells (brain cells that are not nerve cells). (A) In the healthy brain, microglia are in a
resting state. With their large cell surface pleated into humerous delicate cell branches,

they survey the éurrounding tissue. (B) Activated microglia, they change in cell shape
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(they start retracting many of the dilicate cell branches.) At this stage microglia begin

to produce numerous important molecules, e.g. for cell-cell signalling.

In the brains of patients with AD, activated microglia are associated with
virtually every amyloid deposit and are concentrated in regions of compact amyloid
deposits (Dikson et al., 1993) where they surround and infiltrate into the B-amyloid

istopathology has determined that more than
% reactive microglia, whereas less

L‘ﬁtiation (Lawson et al., 1992).

plaques (Streit et al., 1988). Quanti

80% of core plaques are asso i

than 2% of diffuse A

and inflammatory modu "‘9 198% Dickson ez al., 1993), phagocytosis and

molecules assoc1ateiiAw' d i ungtions such as complement

R D ase reactants and many

1vated mlcfmha seem to facilitate and
amplify immune, mecharfiseiis local %}( ose proteins appear
in assocmtlonﬂ u ge mﬁ‘ﬁe eﬂlﬁ yﬁ?ﬁﬁf?ammatory response
may be autotox1c to n @:ﬁ i ﬁgﬂlﬁlﬁ@? ;t L—iﬁlﬁfﬂ:ﬂlymg the
neurolo c ti odu icroglia are

panicularly relevant. Production of oxygen free radicals can be initiated by several

proteases and proteasg inhibitors.

stimuli, including AP. Activated microglia can generate enormous quantities of
superoxide anions. While oxygen radicals are very effective against abnormal cells,

normal host cells are unable to avoid being damaged. Because of that, microglia acting
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through these mechanisms can contribute substantially to tissue damage as a

pathogenic factor of Alzheimer's disease.

Very little is known, however, about the function of microglia surrounding the
plaques. Because microglia are phagocytic cells, it has been suggested that microglia
may function as plaque-attacking scavenger cells. In vitro studies have clearly
demonstrated that microglia can actiyel egrade AP isolated from AD brain (Shaffer

et al 1995; Ard et al., 1996) Therefore ing why microglia appear unable to

remove plaque deposition.in AD. br . C icroglia activation is progressive
and generally accompanicdsb ¢llular accumulation of iron as seen in AD
(Grundke-Igbal e: al. : or et al., 1992b ) Furthermore
iron enriched microgli Parkinson’s disease, AIDS-related
dementia, Multiple sc1 ( \ 982; Levine, 1997; Kaneko et

al., 1989).

Brain iron

pment because it forms an
. 1§ ——— ) .
important component/of e Invalved 1n neuronal oxidative

Iron is essentia

metabolism, neurotra.m'm'tter synthesis, and myelin
¢

Although iron j lﬁz niﬂgﬁ%‘ﬁyﬁﬂ?hm too much iron
homeostasis mﬂh en mor vastating é ects. The a ility of iron to catalyze
¢

: e e e hrd
the ge ﬁgjfr rﬁ;ﬂsi W?Ww ﬂllﬂdTa ﬂet al., 1992).
In gean on i t@tly complexed with proteins, but can also be present in a soluble

"pool" of low molecular weight complexes, such as ferric citrate and Fe (III) ATP

ynthesis (Dallman, 1986).

(Weaver et al., 1989). This latter soluble pool of iron reacts with hydrogen peroxide
and superoxide, both normally produced in biological systems, to form hydroxyl
radicals (Floyd, 1990). Hydroxyl radicals are extremely reactive causing lipid

peroxidation, DNA strand breaks and degradation of biomolecules (Halliwell et al.,
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1984) and are suspected to play a major factor in AD (Sayre et al., 1997; Smith et al.,
1997; Smit et al., 1995) and other CNS disorders (Floyd et al., 1990; Hall, 1993;
Halliwell et al., 1992; Sayre, 1999). In AD iron riched microglia are associated with
amyloid cores of the senile plaques and have been proposed to contribute to
conversion of diffuse plaques to dense core plaques. These data lead us to hypothesize

that iron loading in activated microglia could impair microglial phagocytic activity,

of tissue debris and protein fragment.

,]/fé)ayed in activated microglia on

the fo@ the senile plaques. Previous

studies indicated that a{' i ould effect the production of
WSS

k \\\ the expression of a family of

zinc-dependent endopepti -3 otemases (Cheepsunthorn et
iu 'l \

therefore promoting extracellular
However, it is not known

pathogenesis of AD, p
nitric oxide (NO), tumor

al., 2001b).
An i
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Matrix metalloproteinases " f" WA

The matrix metalloproteinases. ( 2 family of highly conserved zinc
dependent endopep 5 .. '-?e.:m‘-‘.anummk “ degradation of most, if
not all, components of the ba amllular matrix. In particular,
the MMPs include the 3nly enzyme known to be capable of degrading fibrillar

s ] Y] B AR e e o

morphogenesis, “Ovulation, embryo amnlantatlon cell migration, Usue involution,
s AT P RELY SR ) Y 2 ) Bl s
Hansen éf al., 1991; Oh et al., 2001). In excess, they participate in the destruction of
the tissue associated with many connective tissue diseases such as arthritis, (G;)Idbach-
Mansky et al., 2000) nephritis (Urushihata ez al., 2002) cardiovascular disease
(Spinale, 2002) and tumor cell invasion and metastasis (Curran, 1999; Forget et al.,
1999; Stemlicht et al., 2000). However, very little is known about MMPs in

neurodegeneration, particularly in AD
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Structure, nomenclature and substrates of MMPs

Analysis of the MMPs reveals several distinct structural domains (Figure 4).
There are an N-terminal propeptide domain, a catalytic domain, and a c-terminal
haemopexin-like domain. The membrane type MMPs (MT-MMPs) are distinguished
from the soluble secreted MMPs by the presence of hydrophobic transmembrane

domain at the c-terminus. The MMPs are synthesized in a latent form, which requires

extracellular activation; this is j / leavage of N-terminal propeptide,

which includes a conserv (PRCGVPDV). The unpaired

cysteine residue in this s ~ cysteine switch mechanism,
forming a co-ordinate ethie' z1 ] Ve site and thereby rendering

the enzyme inactive.

matrilysins

collagenases,

. stromeiysins,

; r F MMP-12,-19

‘g|Mn bl:?'l‘ domai: J 4 w0 -23,-27
bt'omcﬂ g ',,;_ 7 % '._ o

O IHEBE-NAC X _X X O et es

Y : \y

Ve s Membrane-
R (‘" I)pr MMPs

>

linker

UL INYNINEAT

Figure4 Modiilar domain structu}'es of the matnx metalloprwnase (MMPs).
T MR YRAE T MY 6 b o

MMPs. Ah invariant cysteine residue in the propeptide domain ligates to the zinc ion
(Zn) of the catalytic domain and blocks its activity. The C-terminus domain, present in
all MMPs except matrilysin, has a high level of homology with members of the
hemopexin family. C- and N-terminus domains are connected by a linker region or

hinge that is short in collagenases and long in other MMPs (Murphy et al., 1997).
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At present, there are at least 19 know human MMPs, wich can be divided into
at least four groups according to their in vitro substrate specificity: the collagenases,
the stromelysins, the gelatinases, and the membrane-type MMPs (MT-MMPs). Four
members of latter group have been identified to date : MT1-MMP to MT4-MMP. It is
now reccognized that MMPs usually degrade multiple substrates, with considerable
substrate overlap between individual MMPs. For example, interstitial collagenase

(MMP-1) is capable of degrading ca in, pro-TNF and IL-1B, pro MMP-2, and

-9. Gelatinase A (MMP-2) ade )llagen, elastin, and can activate
MMP-1, -9 and -13. MMP-12%3s highl a@t type IV collagen, gelatin,
fibronectin vitronectin afid plas : \\\\ .. effectlve at degrading elastin.
The substrate and nomenclatiirg § \ \- is summarized in table 1.
Table 1 Nomencla 01 _ 3 ) and substrate specificity of
individual MMPs | |

MMP group MMP  Alternatiy, @

f’-lF
Co]lagenas;s 1 Collagenase~l Inte m“ S Fibrillary collagens I, II, ITI, VI, IX

8 Collagenase~d =~ ,# “/ ollagens 1, 1, I

13 Fytagenasesd —————————————Cottgens [, I1, 11

Gelatinases 2 Atjf, ollagen type IV, V
9 G@inase B/92 kDa Gelatina Ge '-[r , Collagen type IV, V
Stromelysin Strongl Fibronectin, lainin, proteoglycans,
ﬂ u EJ q v'l EJ ﬂ 3 w Ejﬁgn]fﬂ @lagen casein
qy Stromelysin-2 Fibronectin, lainin, proteoglycans
ein
Q ‘W’] ASAINNATT IVATN
Membrane- MTI1-MMP Pro-MMP-2, collagens, gelatin
type MMPs 15 MT2-MMP . Pro-MMP-2, collagens, gelatin
.16 MT3-MMP Pro-MMP-2, collagens, gelatin
17 MT4-MMP Pro-MMP-2, collagens, gelatin
Other 12 Metallelastase Elastin |

19 Not koown Aggrecan
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Regulation of MMP activity

Because MMPs can catalyze the degradation of all the protein constituents of
the ECM, it is important that their activities are kept under tight control to prevent
tissue destruction. The activity of MMPs is regulated in at least three ways : gene
transcription, proenzyme activation and by the action of tissue inhibitores of

metalloproteinases (TIMPs). Most MMPs are express at low levels or not at all in

resting-state adult tissues. However, scription can be induced by stimuli
including phorbol esters, growth fa ry cytokines, oncogene products

or cell-cell interactions. _

essed as inactive pro MMP
ain is bound to a cysteine
residue in the pro-pépti n. - Activating disrupt the cysteine-zinc

interaction (cysteine . ; exp he. cata site; the result is a partially

active intermediate fo ave the propeptide region by

autocatalysis and render zﬁh‘é;ﬁ} ..‘,f tive (Van-Wart et al., 1990). An important
Ji.t"" rel 1. -

physiological activator of __ VLPs .1 j a'Serine proteinase that is generated

inase-plasminogen activator (uPA).

=.*.:““::‘= propeptide, but this is

em atlmhys of MT-MMPs can co-

operate, leading to the actlvatlon of addmonal downstream MMPs such as MMP-9, as

shown in ﬁguﬁﬂﬂugvﬂ?tﬂ ﬂ%ﬁs%&}f}rﬂ ‘gmace of the cell, and

an important dphnsequence of this és that proteoly51s is greatesthp the immediate

BTG IS G NI i

Followmg activation, MMPs can be regulated by the formation of tight, 1:1
non-covalent complexes with TIMPs (Yong et al., 1998). The four known TIMPs
share many properties but also have distinct activities (Table 2), suggesting that they
might have specific physiological roles. The functional relationship and interaction

between TIMPs and MMPs is complicated. For examples TIMPs form complexes with
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the inactive pro-enzyme of gelatinases via interactions that are different from those
between TIMP and the active form of these enzymes. These complexes, such as the
pro-MMP-9/TIMP-1, pro-MMP-2/TIMP-2 and pro-MMP-2/TIMP-3 complexes,
control the rate at which physiological factors activate MMPs. For example, TIMP-2,
when complexed with pro MMP-2, has been shown to be an adaptor molecule that
allows pro-MMP-2 to become associated with MT-MMPs. Thus, an important aspect

of TIMP-2 (and TIMP-3) function, i§ | cell behavior critically depends on the

12 @-Z. Low concentrations of TIMP-
d 'mations block activation by

region

o [ R AR
QU : . ] Intracellular

AR TUNNINENA Y

Figure 5 Cascade of matrix metalloproteinase (MMP) activation at the cell
surface (Murphy et al., 1997). The co-ordinate activation of several MMPs is initiated
by the formation of plasmin; Plasmin is produced from plasminogen by the action of

urokinase plasminogen activator (uPA) that is anchored by its receptor, uPA. Plasmin
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can activate MMP-9 and stromelysin-1, and the later can in turn activate other MMPs,
including MMP-9 and collagenase-1, thus amplifying and broadening the activation
cascade. MMP-2 is activated by membrane-type MMPs (MT-MMPs) that are activated

by furin proteinases.

Table 2 Properties of tissue inhibitors of metalloproteinases (TIMPs) (Murphy et
al., 1997; Edwards et al., 1996)

TIMP-3 TIMP-4
Chromosome gene location (htiffian) 22ql2.1-13.2 unknown
Protein (kDa) 24 22

Predominant  form - ECM-associated Secreted

molecule
Pro-MMP complex MMP-2 unknown
Inhibition of MT-MMP Yes unknown

Inhibition of gelatinases Jagrde s S Yes Yes

Biological role of r?ly;‘

Understanding of the b1010g1ca1 roleﬁglayed by the MMPs outside the brain

ety S T B A G v s,

noteworthy thaflthe rcle of MMPs ‘has been ve well document d in embryonic
5] 0 P 910 B )G e v
2001). The evidence for developmental significance of the MMPs and TIMPs comes
from studies on their expression patterns as well as from funct.ional experiments with
inhibitors and null mutations. Paramount evidence for MMP role in physiology has
been collected in the case of implantation, mammary and bone development as well as
wound healing. Vu and Werb (2000) proposed that MMP activity during development

might be required for : degradation of the ECM in order to allow cell migration,
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alteration of the ECM microenvironment to modify cell behavior; and, modulation of
the activity of biologically important molecules by direct cleavage, release from bound
stores or modifying their inhibitors. In addition, MMPs are upregulated following
other types of insult to the nervous system, such as penetrating injury or peripheral
nerve transections (La Fleur e al., 1996). The up-regulation of MMPs following

almost all CNS injury raises the possibility that some MMPs could function to enhance

the recovery of the CNS. What e of these functions be? It is likely that

é gradatlon of the ECM must occur

MMPs could fulfil this role.

following an injury that le
in order for the envir
ed parenchymal ECM, an ECM
barrier does exist in the wembrane tha cerebral blood vessels, and
a diffuse and amorphous irg'q £ NEfblec ~ e found throughout the CNS
(Bertolotto et al.,. 1990)

recovery from various” CNS MPs ‘might play a role in angiogenesis.

neural-cell precurs ¢ to the lesioned area and

replenish lost cells;ia/p “"‘" been demonstrated to

require MMPs for momty (Amberger et al., 1997). Nexmxonal growth and synaptic
reconnections 0 Elf ﬁ i gh the brain matrix
might require %ﬂ ﬁ'ﬁﬂfl 2‘ i‘T:riﬁ)edlate the motility of
growth co 1;11 aas n found that
oligodi‘%\ ﬁ bﬁimuﬁnroi 11396)1’(1 S a prerequisite for

developmental myelin formation and remyelination. The upregulation of MMPs in the

i—)

53

MS brain or in other CNS pathologies, might not always be harmful, and thus it is
important to be able to discriminate between the beneficial and deleterious effects of
MMPs. Lastly, the remodeling of the ECM might release several neurotrophic factors,

such as basic fibroblast growth factor, that are anchored on the ECM. Thus, there are
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several mechanisms by which the production of MMPs, following insults to the

nervous system, might be beneficial.

Pathological role of MMPs

Under physiological conditions, MMP activity is precisely controlled; However,

when too many MMPs are produced or age present at the wrong time, they can break

, that holds cells together inside
tissues. This activity occurs=i diseases, i ‘égthy tissue is broken down or

unhealthy tissue grows atold arthritis; nephritis (Curran et al., 1999;

Forget et al., 1999; Goldba et kﬁ"*.

MMPs in cancer and#he

Cancer tumors grow ar Mﬂ interfering Withithe functions of healthy tissue.
Some MMPs (MMP-2 and M ,‘j’ff*‘ , )04) have been shown to play a

significant role in tumor development b Y G /90 ing to three processes that lead to

=S T ,-"

the progression_of ,.,__—_’-:_,; In patients with

osteoarthritis and rhe‘ g MMP-1, MMP-3 and MMP-

13 are observed in the sY ov1um and camlage (Cawston, 1998; Andreakos et al. ,2003),

e e B WA e e

associated with long term patient dlsablhty

QRIAINTUNRITINYIA Y

MMPs injdiseases of the nervous system

A great deal of data has been collected regarding the MMP/TIMP system in a
variety of brain pathologies. In particular, the MMPs have been implicated in gliomas
(tumors of glial origin), viral infections, inflammation, MS, AD, brain trauma and

ischemia (Rosenberg, 1995; Rooprai et al., 1997; Yong et al., 1998; Yong et al., 2001;
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Lukeset et al., 1999; Leppert et al., 2001). In the context of MS MMP-1, -2, -3 and -9
were immunolocalized to brain macrophages/microglia and astrocytes (Yong et al.,
1998; Yong et al., 2001; Leppert et al., 2001). The levels of those enzymes could be
increased by various inflammatory cytokines in vitro as well as in animals with
experimental allergic encephalomyelitis (EAE) serving as a model for MS.

Furthermore, chemical inhibitors of MMP activity were shown to ameliorate the

expression and activation ofithe MMP-2/ whsgobserved in neurons, glia and the
endothelium, whereas “was fo neurons and glia as well as
ons (Rosenberg, 1996; Clark et

al., 1997, Mun-Bryce et ¢ 19954 Gaschie :\Nf\\\"

eo et al., 1999; Rivera et al.,

2002). Inhibition of MMBs with/s v displa T pécially high activity against
gelatinases (MMP'-Z n, .\Q\ tralizing antibody against
MMP-9 and a targeted"dis ‘& ¢ ' “\ e -\ “all diminished the severity of
the damaging consequen€es 0 iquié'ﬂ. o the brain (Romanic et al., 1998; Asahi et

al., 2000; Asahi et al., 2001; ; . In conclusion, the disease studies

underscore the im ane petions, as well as clearly
showing how impoftafit it is to investigate s oins of the MMP activities

within this organ, whEe non-neuronal ecells, uding @e infiltrating inflammatory
ones, provide the major cemponent of pathology-related MMP overexpression. As

Yong et al. (@ﬂluﬂaaa%ﬂtnﬁ ﬂﬁLﬂﬂuﬁm remains: to what

extent the activation of MMPs inf the responsesto brain-damgdéltreatments is

ceimhalt o GHOST b e b s el ki
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Table 3 Potential consequences of matrix metalloproteinase (MMP) expression

in the mature nervous system

Undesirable effects s Beneficial action
- Breakdown of blood-brain barrier -Clearance of debris following injury
-Demyelination -Remodeling of ECM for cell migration and axonal

-Cytokine production and propagation elongation

of an inflammatory response of growth factors anchored on the ECM

-Deposition of amyloid proteins n of amyloid proteins

-Tumor invasion, metastasis and ~ -Angiogenesis
-Inappropriate degradation of exfracc adtt - -Process formation by oligodendrocytes
leading to alteration of struc te ‘// \\\\

‘H'

MMPs and Alzheimers di

One of the mos logical features of AD is the

accumulation of A peptide ents affected with this dementia

(Selkoe, 1994). The A is associa g

= -~

ive dystrophic neuritic pathology and

glia cells, astrocyte afid implicated microglia in

- — @
L]

AD brain as plaque V cytokines (Griffin et al.,

1989; Giulian ef al., ‘6), as producers of AP (Frack 1ak et al., 1992), and as

.1
secretors of co lqﬂlﬂ:ﬁlﬂﬁjrﬁtfwgl Mrﬂejl., 1995). Activated
microglia prolaa e, ibit phagocytic activity removing infectious agents or
. g 22 ¢ & o/
remna ﬁ?ﬁfﬁaﬁ ﬂ\j zgzym lv'lﬁmraﬁ ﬂtors such as
secret:ﬂet of extracellular matrix egra]mg enzymes that include the MMPs.
This enzyme is involved in the degradation of ECM proteins like collagen, fibronectin,
laminin and elastin (Woessner, 1991). It has been reports that increase plasma level of
MMP-9 in patients with AD as well as MMP-1 (Leake et al., 2000; Lorenzl et al.,

2003). Although no protease for the cleavage of AP has identified in vivo, it has been

recently reported that MMP-2 has the ability of degrading AB of AD in vitro (Roher et
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al., 1994). Furthermore, it has been reported by Miyazaki et a/ (1993) that MMP-2
cleave AR at the a-secretase site. If this hydrolysis also occurs in the brain’
extracellular matrix, the enzymatic action of MMP-2 could prevent the generation of
AB. A previous study had reported that amyloid cores isolated from the brains of AD
patients are ingested by cultured microglia (Ard et al., 1996; Shaffer et al., 1995).
Therefore it is likely that the microglia surrounding senile plaques in AD brains are the
” the brain (Giulian et al., 1995). But

&om, understanding how A and

is would contribute greatly to

main scavengers and remove o
they would not appear to do"
other plaque components
understanding why mi que deposition in AD brain.
In fact, the activati progressive and generally
accompanied by intrag . & recent data has further
suggested that accumulaifon 8f ifon i 7icto _’- expressmn of these MMP-1

and MMP-10 (Cheepsunt} tﬁ‘% )

ol <2 L
Taken together, these da ----------  the Ypothesis that iron loading in activated

-

Y |

microglia could a icroglial phagoc '- , therefore promoting

extracellular deposi ﬁ" t ents. In the present study

[

we investigate whethe@on loading in microglia could a "—H t the expression of MMP-1,
MMP-9, and I\ﬁP 10 i aﬁ«‘ﬂ so study whether an
increase in intrac lu d nﬂ:ﬁ ﬁr tivated microglia.
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