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Inflammation in Neurodegenerative Disorders: Friend or Foe?
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Abstract: Inflammation plays a role in the development of Alzheimer’s disease (AD). Several cytokines and chemokines
have been detected both immunohistochemically and in cerebrospinal fluid from patients. Some of them, including Tumor
Necrosis Factor-a, Interferon-y—inducible Protein-10, Monocyte Chemotactic Protein-1 and Interleukin-8, are increased in
AD and in Mild Cognitive Impairment (MCI), considered the prodromal stage of AD, suggesting that these modifications
occur very early during the development of the disease, possibly explaining the failure of trials with anti-inflammatory
agents in patients with severe AD. Further evidence suggests that cytokines and chemokines could have a role in other
neurodegenerative disorders, such as Frontotemporal Lobar Degeneration and Amyothrophic Lateral Sclerosis. In this re-
gard, analogies and differences among these neurodegenerative disorders will be discussed.

Neurodegenerative disorders are considered multifactorial diseases, and genetic factors influence pathological events and
contribute to change the disease phenotype from patient to patient. Gene polymorphisms in crucial molecules, including
cytokines, chemokines and molecules related to oxidative stress, may act as susceptibility factors, increasing the risk of
disease development, or may operate as regulatory factors, modulating the severity of pathogenic processes or the re-
sponse to drug treatment. With these premises, genetic studies recently carried out will be described and discussed in de-

tail.
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1. INFLAMMATION AND ALZHEIMER’S DISEASE

1.1. Clinical and Neuropathological Features

Alzheimer’s disease (AD) is the most common cause of
dementia in the elderly, with a prevalence of 5% after 65
years of age, increasing to about 30% in people aged 85
years or older. Originally described by Alois Alzheimer and
Gaetano Perusini in 19086, it is clinically characterized by a
progressive cognitive impairment, including impaired
judgement, decision-making and orientation, often accompa-
nied, in later stages, by psychobehavioral disturbances as
well as language impairment (Table 1). Mutations in genes
encoding for B-amyloid precursors protein or presenilin 1
and presenilin 2 genes (B-APP, PSEN1 and PSEN2, respec-
tively, Table 2) account for about 5-10% of cases, character-
ized by an early onset (before 65 years). So far, 26 different
mutations, causing amino acid changes in putative sites for
the cleavage of the protein, have been described in the APP
gene in 72 families, together with 156 mutations in PSEN1
in 342 families and 10 mutations in PSEN2 in 16 families
(http://molgen-www.ua.ac.be).

The two major neuropathological hallmarks of AD are
extracellular beta-amyloid (AB) plaques and intracellular
neurofibrillary tangles (NFTs). The production of AB, which
represents a crucial step in AD pathogenesis, is the result of
cleavage of AP precursor protein (3-APP) that is overex-
pressed in AD [1]. AB forms highly insoluble and proteolysis
resistant fibrils known as senile plaques (SP). In contrast to
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the low-fibrillar AB plaques (diffuse plaques), highly fibrillar
(amyloidogenic) forms of AP plaques are associated with
glial and neuritic changes of the surrounding tissue (neuritic-
plaques) [2]. B-APP displays important developmental func-
tions in cell differentiation, and possibly in the establishment
of synapses [3]. Its function in the adult brain is less clear,
although it seems to be associated with neuronal growth and
survival [1]. It is in fact expressed by neurons in response to
cell injury; i.e. B-APP is a marker for axonal damage after a
head injury [4] and its levels are markedly increased in af-
fected areas of the brain in temporal lobe epilepsy [5].

NFTs are composed of the tau protein. In healthy con-
trols, tau is a component of microtubules, which represent
the internal support structures for the transport of nutrients,
vesicles, mitochondria and chromosomes within the cell.
Microtubules also stabilize growing axons, which are neces-
sary for the development and growth of neurites [1]. In AD,
tau protein is abnormally hyperphosphorilated and forms
insoluble fibrils, which originate deposits within the cell.

Neurodegeneration in AD is estimated to start 20-30
years before clinical onset. During this preclinical phase,
plaque and tangle load increases, and at a certain threshold
the first symptoms appear. This clinical phase is designed as
mild cognitive impairment (MCI) [6] and is an aetiologically
heterogeneous entity. In fact, many subjects with MCI have
prodromal AD, whereas others have a benign form of MCI
as part of the normal ageing process and some have other
disorders such as vascular dementia [7]. Recent data show
that subjects with amnestic MCI display the early neuropa-
thological changes of AD, and thus, in reality, represent
early AD [8].

© 2008 Bentham Science Publishers Ltd.
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Table1l. Characteristics of AD and FTLD
AD FTLD
History Increases with age, Memory > behavior, Indifference Presenile, Behavior > memory, Disinhibition
Pathology Senile plaques, Neurofibrillary tangles, Neuronal loss, -Frontal lobe degeneration type: microvacuolation, gliosis,

Microglial activation

neuron loss; without Pick bodies
-Pick-type: Pick bodies, inflated cells, intense astrocytosis
-Motor neuron disease type

Mental Status Examination

Minor executive dysfunction, Amnesia, Visuospatial

dysfunction, Acalculia

Major executive dysfunction, Retrieval deficit,
Visuospatial skills preserved, Calculation preserved

Neuropsychological Assessment

More severe memory loss, Memory performance worse

than executive function

Calculations, constructions better preserved, Executive
performance worse han memory

Language

Anomia early (lexical selection type), Transcortical

sensory aphasia

Semantic aphasia, Progressive nonfluent aphasia

Neuropsychiatric Features

Psychosis in 50%, Disinhibition mild Euphoria rare,

Stereotyped behaviors rare

Psychosis in 25%, Disinhibition severe, Euphoria in 1/3,
Stereotyped behaviors common

Table 2. Main Causative Genes of FAD and Genes Claimed to be Potential Susceptibility or Modifier Factors for SAD
Gene Chromosome Association Reference
APP 21g21 Familial [140]
PSEN1 14924.3 Familial [141]
PSEN2 1g31-g42 Familial [142]
APOE 19913.32 Sporadic [89]
IL1-o 2014-921 Sporadic [96]

IL1-B 2q14-g21 Sporadic [97]
IL-1R 2914-921 Sporadic [95]

IL-6 7p21 Sporadic [96]
TNF-o 6p21.3 Sporadic [100]
ACT 14932.1 Sporadic [99]

A2M 12p13.3-p12.3 Sporadic [101]
MCP-1 17q11.2-q12 Sporadic [103, 104]
RANTES 17911.2-q12 Sporadic [102]
CCR2 3p21.31 Sporadic [105, 106]
CCR5 3p21 Sporadic [105, 106]
IP-10 4921 Sporadic [107]
NOS3 7936 Sporadic [108]
NOS1 12922 Sporadic [116]

1.2. Inflammation in AD Pathogenesis

The fibrillar deposition of extracellular ABis closely as-
sociated with a neuroinflammatory response, which includes
a local upregulation of acute-phase proteins, complement
fragments, cytokines and other inflammatory mediators [9].
So far, epidemiological studies suggested that an inflamma-
tory process contributes to AD pathology. Perspective case-
cohort studies showed that higher serum levels of certain
acute-phase proteins are a risk factor for the development of
AD [10-12]. Moreover, epidemiological studies indicate that
longstanding use of non-steroidal anti-inflammatory drugs
can prevent or delay the development of AD [13-14]. De-
spite these studies, however, treatment of AD patients with
anti-inflammatory drugs failed to demonstrate clinical bene-
fits [15].

Microglial cells are the major producers of inflammatory
factors. Recent studies demonstrated that during the early

stages of AD pathogenesis activated microglia were clus-
tered within classic (dense-cored) plaques in the AD neocor-
tex [16]. These plagues showed strong immunostaining for
complement factor C1q and serum amyloid P component
(SAP). Plaque-associated factors C1g and SAP may trigger
microglia to secrete high levels of proinflammatory cytoki-
nes [2].

1.3. Cytokines and Alzheimer’s Disease

Activated microglial cells colocalize with AB, and in vi-
tro studies demonstrated that AB induces the production of
Tumor Necrosis Factor (TNF)a in such cells [17]. This cyto-
kine is a pleiotropic factor acting as an important mediator of
inflammatory responses in a variety of tissues. Levels of
TNFo in cerebrospinal fluid (CSF) from AD patients are 25-
fold higher than in CSF from age-matched controls [18],
suggesting a role for inflammation in neurodegeneration.
Nevertheless, other findings demonstrated a protective effect
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of TNFa, as it likely protects neurons against AP triggered
cytotoxicity [19]. Recently, the tumor necrosis factor type 1
death receptor (TNFR1), which contributes to apoptosis, has
been deleted in APP23 transgenic mice, which overexpress
BAPP, demonstrating an inhibitory effect on AP generation
and plaque formation in the brain. Moreover, deletion of
TNFR1 leads to reduced B-secretase levels and activity [20].

Interleukin-1 (IL-1) exerts pleiotropic actions by binding
to its receptor IL-1R and has been identified as a mediator in
several forms of neurodegeneration. In AD, an increased
production of IL-1 has been demonstrated by immunohisto-
chemistry. In particular, it is expressed by microglia local-
ized around amyloid deposits, possibly participating to
plaque formation [21].

Interleukin-6 (IL-6) binds to a specific receptor activating
an intracellular kinase-based signal pathway. Conflicting
results have been reported with regard to IL-6 levels in se-
rum and CSF of AD patients. However, it has been shown
that its mMRNA levels are increased in the entorhinal cortex
and the superior temporal gyrus of AD patients [21]. Inter-
estingly, previous studies demonstrated a large increase in
endogenous IL-6 bioactivity in response to ischemia, as well
as a marked neuroprotection produced by exogenous IL-6,
thus suggesting that this cytokine is an important inhibitor of
neuronal death during cerebral ischemia [22].

Microglial-produced inflammatory cytokines have neu-
rophatic as well as neuroprotective actions. For instance,
whereas excess levels of TNFo might cause neurotoxicity,
low-dose TNFo. could, alternatively, trigger the neuroprotec-
tive and/or anti-apoptotic genes [23]. The role of glial cells is
to support and sustain proper neuronal function and micro-
glia are no exception to this general principle. In acutely
injured central nervous system (CNS) microglia have a neu-
roprotective and pro-regenerative role [24]. Therefore, the
primary mode of action of microglia seems to be CNS pro-
tection. However, upon excessive or sustained activation,
microglia could significantly contribute to chronic neuropa-
thologies, leading to neurotoxicity [2].

Additional investigated cytokines are 1L-11 and leukae-
mia inhibitory factor (LIF), all belonging to the family of IL-
6-type cytokines. All IL-6-type cytokines have overlapping
bioactivities and share a common helical framework [25].
Intracellular signalling activated by these cytokines requires
either homodimerization of their common signal transducing
receptor subunit gp130 or heterodimerization of gp130 with
a further B-receptor component, such as LIF (LIFR). Inter-
leukin-11 mean levels were significantly increased in AD
and Frontotemporal Lobar Degeneration (FTLD) as com-
pared with controls, whereas CSF LIF levels were not de-
tectable either in patients or controls [26]. In accordance
with previous results [27], in AD patients, a significantly
positive correlation between MMSE scores and IL-11 CSF
concentration was observed [26].

In contrast with the previously described cytokines,
Transforming Growth Factor beta (TGF-B) has mainly an
anti-inflammatory action. Several data show that its levels
are increased in the brain of AD patients, as well as in
plasma and CSF. Moreover, TGF-Bwas also found both in
amyloid plaques and tangles [21]. TGF-B1 drives the produc-
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tion of AB40/42 by astrocytes, leading to AP production in
TGF-B1 transgenic mice. Notably, TGF-B1 induces the over-
expression of the APP in astrocytes but not in neurons, in-
volving a highly conserved TGF-B1 responsive element in
the 5'-UTR. In addition, TGF-B1 potentiates AP production
also in human astrocytes, possibly enhancing the formation
of AB plaques in the brain of patients with AD [28].

Besides TGF-B1, a number of cytokines play a role in the
regulation of APP expression in non neuronal cells. In vitro
studies in astrocytes demonstrated that the 5-UTR of the
APP gene can respond to the stimulation of IL-1c, IL-1f,
TGF-B1 and TNF-a1, which likely regulate APP transcrip-
tion via regulatory elements present in the APP promoter and
5-UTR [29]. The regulation of APP is a complex event, and,
together with cytokines, other factors influence its expres-
sion. In particular, copper, zinc and iron were shown to ac-
celerate the aggregation of AP by interacting with Iron-
Responsive Elements (IRE) in the 5'-UTR of the APP gene
[30]. These findings encouraged the development of chela-
tors as a new therapeutic strategy for the treatment for the
treatment of AD, together with non steroidal anti-
inflammatory drugs and vaccine [30].

Recently, pro-inflammatory cytokine levels have been
evaluated in Peripheral Blood Mononuclear Cells (PBMC)
from 691 cognitively intact community-dwelling partici-
pants. Adjusting for clinical covariates, individuals in the top
two tertiles of PBMC production of IL-1 or in the top tertile
of PBMC production of TNF-o. were at increased risk of
developing AD compared with the lowest tertile. Therefore,
the higher spontaneous production of these cytokines by
PBMC may be a marker of future risk of AD in older indi-
viduals [31].

In conclusion, a better understanding of the mechanisms
leading to AP production and neuroinflammation could not
only clarify the pathogenetic steps leading to AD, but also
facilitate the development of disease-modifying treatment for
AD.

1.4. Chemokines and Alzheimer’s Disease

Additional cytokines recently demonstrated to exert a
role in AD are named chemokines. These are low molecular
weight chemotactic cytokines that have been shown to play a
crucial role in early inflammatory events. Based on the ar-
rangement of cysteine residues, they are divided into two
main groups: CXC or o-chemokines, i.e Interferon-y-
inducible Protein-10 (IP-10) and Interleukin-8 (IL-8), re-
sponsible for attracting neutrophils, and CC or B-
chemokines, i.e Monocyte Chemotactic Protein-1 (MCP-1),
and Macrophage Inflammatory Protein-lo. and B (MIP-
locand B), which act basically on monocytes, but also stimu-
late the recruitment of basophils, eosinophils, T-cells and
NK-cells [32]. In addition to their chemotactic effect in the
immune system, they modulate a number of biological re-
sponses, including enzyme secretion, cellular adhesion, cyto-
toxicity, tumor cell growth and T-cell activation [33].

Upregulation of a number of chemokines has been asso-
ciated with AD pathological changes [34]. IP-10 immunore-
activity was markedly increased in reactive astrocytes in AD
brains, as well as the level of its expression. Astrocytes posi-
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tive for IP-10 were found to be associated with senile
plagues and showed an apparently coordinated upregulation
of MIP-1p [35, 36]. Recently, chemokine levels were de-
tected in CSF from AD patients as well as subjects with
MCI. A significant increase of IP-10 was observed in mild as
compared with severe AD patients. Notably, similarly to
mildly impaired AD, IP-10 increased levels were also found
in amnestic MCI patients versus controls [27]. Regarding
MCP-1 and IL-8, significantly higher levels were found in
all AD patients as compared with healthy subjects, and high-
est peaks were observed in mild AD and MCI [27].

The deposition of AB,known to activate microglia to
produce proinflammatory cytokines, may be responsible for
the accumulation of IP-10 found in AD patients. In fact, the
genomic organization of IP-10 gene shows the presence, in
the promoter region, of critical regulatory sequences re-
sponding to IFNy and TNFa independently activated factors,
which lead to the transcriptional activation of the gene.
Therefore, it is conceivable that the increased IP-10 levels
observed in mild AD patients could be linked to amyloid
deposition [27]. IP-10 increase can be restricted to an early
stage of AD, when proinflammatory events are thought to
play a more important role in disease development. The
same trend has been observed also considering MCP-1 and
IL-8 levels, strengthening the hypothesis that intrathecal in-
flammation precedes the development of AD, and represents
an initiating factor of the disease rather than a late conse-
quence [27].

With regard to a possible use of chemokine to easily pre-
dict evolution from MCI to AD, few investigation in serum
have been so far carried out, despite a growing body of evi-
dence supporting the hypothesis that some peripheral bio-
chemical modifications also occur very early during AD
pathogenesis. For instance, serum MCP-1 levels have been
demonstrated to be increased in MCI subjects, similarly to
findings described in the CSF [37]. Notably, CSF MCP-1
levels in patients studied were higher than the correspondent
serum levels, and the Brain Blood Barrier (BBB) was intact,
as shown by normal 1gG indices. Thus, these data strongly
suggest that peripheral modifications of MCP-1 levels occur
early during AD development, when the clinical manifesta-
tion of the disease is not already clearly defined. Conversely,
IP-10 serum levels were not increased in AD patients, but
were found to correlate with aging [38].

In conclusion, these findings confirm that cytokines and
chemokines have a crucial role in pathogenesis and progres-
sion of AD, and hopefully will be of help in the next future
for early identification of individuals who more likely will
develop AD, possibly in combination with other biomarkers.

2. INFLAMMATION AND FRONTOTEMPORAL LO-
BAR DEGENERATION

2.1. Clinical and Neuropathological Features

Among other non-AD dementias, the most frequent neu-
rodegenerative disease is represented by FTLD [39, 40]. The
most typical deficits in early AD involve episodic memory,
while distinctive features in FTLD concern behavior, includ-
ing disinhibition, loss of social awareness, overeating and
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impulsiveness. Despite profound behavioral changes, mem-
ory is relatively spared [41]. Conversely to AD, which is
more frequent in women, FTLD has an equal distribution
among men and women, and age at onset is typically 45-65
years, with a mean in the 50s [42] (Table 1). The current
consensus criteria [43] identify three clinical syndromes:
Frontotemporal dementia (FTD), Progressive nonfluent
Aphasia (PA) and Semantic Dementia (SD), which reflect
the clinical heterogeneity of FTLD (Table 3). FTD is charac-
terized by behavioral abnormalities, whereas PA is associ-
ated with progressive loss of speech, with hesitant, nonfluent
speech output [44], and SD is associated with loss of knowl-
edge about words and objects. This variability is determined
by the relative involvement of the frontal and temporal lobes,
as well as by the involvement of right and left hemispheres
[45].

Table 3. Classification and Characteristics of FTLD. Upper
Panel: According to Neary et al. (1998). Lower

Panel: According to the Anatomical Involvement

*FTD- Disinhibition, +/- fasciculations
*Progressive non-fluent aphasia
— Agrammatism, phonemic paraphasia, anomia
— Late mutism
*Semantic dementia
— Semantic aphasia (fluent, empty, semantic paraphasia)
— Associative agnosia

L eft temporal lobe variant
— Aphasia
*Right temporal lobe variant
— Irritability, impulsiveness
— Bizarre alterations in dress
— Limited and fixed ideas
— Abnormal affect
— Heightened visual awareness

From a neuropathological point of view, FTLD is charac-
terized by intracellular deposition of abnormally phospory-
lated tau protein, named Pick’s bodies, responsible for neu-
ronal death [41].

FTLD is a heterogeneous disease characterized by a
strong genetic component in its aetiology as up to 40% of
patients report a family history of the disease in at least one
extra family member [46]. In 1994 an autosomal dominantly
inherited form of FTD with parkinsonism was linked to
chromosome 17921.2 [47]. Subsequently, other familial
forms of FTD were found to be linked to the same region
[48-50] resulting in the denomination “Frontotemporal de-
mentia and parkinsonism linked to chromosome 17" (FTDP-
17) for this class of diseases. All cases of FTDP-17 have so
far shown a filamentous pathology made of hyperphosphory-
lated tau protein. Currently, 41 different mutations in the
MAPT gene have been described in totally 117 families
(http://molgen-www.ua.ac.be). Nevertheless, there have
been reports of numerous families with autosomal dominant
FTLD that are genetically linked to the same region of
chrl7g21 that contains MAPT but in which no pathogenic
mutations can be identified, despite extensive analysis of this
gene [51-53]. The neuropathological phenotype in these



34 Current Aging Science, 2008, Vol. 1, No. 1

families was characterized by ubiquitin immunoreactive neu-
ronal inclusions. Sequence analysis of the whole MAPT re-
gion failed to find a mutation and tau protein appears normal
in these families. Moreover the minimal region containing
the disease gene for this group of families was approxi-
mately 6.2 Mb in physical distance, strongly arguing against
MAPT and pointing to another gene. Systematic candidate
gene sequencing of all remaining genes within the minimal
candidate region was performed and after sequencing 80
genes, including those prioritized on known function, the
first mutation in progranulin gene (PGRN) was identified
[54, 55].

Subsequently, these results have been replicated and im-
proved. At present, there is no obvious mechanistic link be-
tween the mutations in MAPT and PGRN, currently assum-
ing that their proximity on chromosome 17 is simply a coin-
cidence. Progranulin is known by several different names
including granulin, acrogranin, epithelin precursor, proepi-
thelin and prostate cancer (PC) cell derived growth factor
[56]. The protein is encoded by a single gene on chromo-
some 1721, which produces a 593 amino acid, cysteine rich
protein with a predicted molecular weight of 68.5 kDa. Pro-
granulin and the various granulin peptides are implicated in a
range of biological functions including development, wound
repair and inflammation by activating signaling cascades that
control cell cycle progression and cell motility [56]. Excess
progranulin appears to promote tumor formation and hence
can act as a cell survival signal. Despite the increasing litera-
ture on the function of progranulin, its role in neuronal func-
tion and survival remains unclear. In the human brain, PGRN
is expressed in neurons but is also highly expressed in acti-
vated microglia [55].

Since the original identification of null-mutations in
FTLD in 2006, additional novel mutations have been re-
ported, spanning most exons, and to date more than 44
PGRN mutations have been described [57-65]. These muta-
tions account for about 30-40% of cases, whereas remainders
are sporadic and likely influenced by several interacting
genes (Table 4).

2.2. Inflammatory Factors in Sporadic FTLD

Recent evidence suggests that inflammatory mediators
could have a role also in sporadic FTLD, as upregulation of
TNFo and downregulation of TGFf have been demonstrated
in CSF from patients with FTD [66]. Regarding chemokines,
no differences were found in CSF IP-10 levels, whereas,
similarly to AD, MCP-1 levels were increased in FTLD as
compared with healthy subjects. A similar pattern was ob-
served considering IL-8 levels. No significant differences in
chemokine levels were observed among FTD, PA and SD
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subtypes [67]. The increase in these cytokines and chemoki-
nes were not related to a disturbance of the blood brain bar-
rier function or leakage through it, nor were they related to
age or gender. Furthermore, no correlation was found be-
tween CSF and serum levels. It is likely conceivable that the
increased IP-10 levels observed in AD patients, compared
with FTLD, could be linked to AB deposition, which occurs
typically in AD and less in FTLD [67, 68]. Indeed, a possible
protective role of MCP-1 has been suggested as it is involved
in the regeneration of neural tissue via the induction of dif-
ferentiation and of neurotrophic factors such as basic fibro-
blast growth factor (bFGF) by astrocytes and microglia [69].
Similarly, IL-8 increase could be related to compensative
and reparative mechanisms as well, through IL-8 capability
to promote neuronal survival [70].

A positive effect could be exerted by TNFaas well. In
fact this cytokine, currently known to be proinflammatory
and to induce apoptosis, activate the transcription of TGF3
[71], which acts as anti-inflammatory factor by inhibiting IL-
6 and IL-1B production by astrocytes and suppressing the
activation and proliferation of microglia [72]. Thus, in pa-
tients with FTD, the increased levels of TNFo. may trigger
the production of TGFp by a negative feedback mechanism
which counteracts the proinflammatory effect of TNFo. [66].

3. INFLAMMATION IN AMYOTHROPIC LATERAL
SCLEROSIS

3.1. Clinical Features

Amyothropic Lateral Sclerosis (ALS) is characterized by
a progressive loss of upper and lower motor neurons in the
spinal cord, brain stem and cerebral cortex, culminating in
respiratory failure. Its prevalence is 1:20,000 in the general
population, and incidence increases with age, with peaks
between 50 and 55 years of age.

The genetic component is present in approximately 10%
of ALS cases which are familial in nature (FALS), and in
about 20% of these families, the disease is linked to muta-
tions in the SOD1 gene [73-74], which is located on chromo-
some 21 (Table 5). SOD1 is a 153-amino acid protein, con-
taining one copper and one zinc, and is predominantly lo-
cated in the cytoplasm as a homodimer. It is involved in the
detoxification of superoxide, leading to the generation of
oxygen and hydrogen peroxide, which can then be cleared by
catalase and glutathione peroxidase.

To date, more than 110 different mutations have been
identified in the SOD1 gene in familial ALS [75]. Most of
these mutations are missense, only few of them are deletions
and insertions that result in prematurely terminated SOD1
protein. The expression of a mutant SOD1 polypeptide is

Table4. Causative Genes of Familial FTLD and Genes Claimed to be Potential Susceptibility or Modifier Factors for FTLD
Gene Chromosome Association Reference
MAPT 17q21.1 Familial [48-50]
PSEN1 14q24.3 Familial [143]
PGRN 1792131 Familial [64-55]
APOE 17921.1 Sporadic [133]
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Table5. Causative Genes of FALS and Genes Claimed to be Potential Susceptibility or Modifier Factors for SALS
Gene-protein Chrmosome Association Reference
ALS1 -SOD1 21922 Familial [73]
ALS2- Alsin 2933 Familial [144]
ALS3 18g21 Familial [145]
ALS4-Senataxin 9934 Familial [77]
ALS5 15¢g15.1-g21.1 Familial [146]
ALS6 16q12 Familial [147]
ALS7 20ptel-p13 Familial [148]
ALS8 VAPB 20q13.83 Familial [149]
ALS-FTD 9g21-22 Familial [78]

ALS with dementia tau 9g21-22 Familial [150]
Progressive LMN disease dynactin 2p13 Familial [76]

NEFH 22q12.1-g13.1 Sporadic [151]
VEGF-Vascular endothelial growth factor 6p12 Sporadic [152]
SMN1 5012.2-q13.3 Sporadic [153]
SMN2 5012.2-q13.3 Sporadic [154]
APOE*4-Apolipoprotein E 19913.2 Sporadic [155]
EAAT2 11p13-p12 Familials [156]
GluR2 4932-933 Sporadic [157]

necessary to cause the ALS phenotype. However even after
many years of investigation, the exact mechanism of SOD1-
mediated pathogenesis remains uncertain. In recent years
additional gene mutations have been found for FALS, in-
cluding the ALS2 gene, which encodes for a novel protein
with homology to guanine-nucleotide exchange factors [75].
Loss of ALS2 leads to a slowly progressing motor neuron
disease that appears during the first decade of life. Mutations
of the dynactin gene have also been found in a slowly pro-
gressive, autosomal dominant form of ALS [76]. Additional
genetic markers for familial forms of ALS include the sena-
taxin gene (ALS4) in autosomal dominant juvenile ALS [77],
and a locus on chromosome 9921 to five families with ALS
with frontotemporal dementia [78] (Table 5).

Concerning sporadic ALS (SALS), several pathogenetic
hypotheses have been proposed, including oxidative stress,
mitochondrial dysfunction, excitotoxic damage and abnor-
malities of protein folding [79].

3.2. Inflammatory Factors in Sporadic ALS

Data obtained in ALS animal models (mutant SOD1
transgenic rodents) as well as in humans suggest that cytoki-
nes and growth factors play a role in the pathogenesis of the
disease. In the spinal cord of either patients or SOD1 mice,
motor neuron loss and dramatic increase in activated micro-
glia, reactive astrocytes and dendritic cells have been shown
[80, 81]. Among cytokines, MCP-1 [81-83] IL-6 [84], TNF-
o.[85], and TGF-B[86] have been shown to be upregulated in
CSF or serum. A recent study carried out with the novel mul-
tiplex fluorescent bead-based immunoassay technique simul-
taneously measured multiple cytokines/chemokines, includ-
ing IL-1pB, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-
12(p70), IL-13, IL-17, interferon (IFN)-y, TNF-a, G-CSF,
MCP-1 and MIP-18 in CSF from ALS patients [79]. Among
them, G-CSF, MCP-1 and IL-5 levels were significantly
higher in patients with ALS than in patients with other non-

inflammatory neurological diseases (OND), whereas 1L-10
levels were significantly decreased in patients with ALS as
compared with OND. Moreover, in CSF, the concentration
of MCP-1 was negatively correlated with the revised ALS
functional rating scale (ALSFRS-R) score and positively
correlated with the disease progression rate [79]. Immunore-
activity for G-CSF was strongly enhanced in cytoplasm of
several reactive astrocytes in the anterior horn of ALS cases
as compared with controls [79]. In the same study, G-CSF
was demonstrated to exert a protective effect on a cell line
with motor neuron characteristics, thus raising the hypothesis
that G-CSF may promote motor neuron survival.

4. INFLAMMATORY MOLECULES AS RISK FAC-
TORS FOR NEURODEGENERATION

Genetic variability is a prominent characteristic of many
neurodegenerative disorders. Risk genes are likely to be nu-
merous, displaying intricate patterns of interaction with each
other as well as with non-genetic variables, and-unlike clas-
sical Mendelian (“simplex”) disorders, exhibit no simple
mode of inheritance. Mainly due to this reason, the genetics
of these diseases has been labeled “complex” [87]. The abil-
ity to genetically map complex disorders has been facilitated
by technological improvement in identifying and genotyping
polymorphic DNA markers. The current trend is to use sin-
gle-nucleotide polymorphisms (SNPs), the most frequent
genetic polymorphisms. The search for susceptibility genes
in complex diseases centers on two major techniques: link-
age mapping and candidate gene approach. Linkage analysis
attempts to identify a region (locus) of the chromosome or
regions (loci) in the genome associated with the disease or
trait by identifying which alleles in the loci are segregating
with the disease in families, whereas genetic association
analysis examines whether affected individuals share the
variant allele more often than control subjects do [88].
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Several genes have bees associated with sporadic AD
(SAD, Table 2). The gene mainly related to SAD is the
APOE [89] which is located in chromosome 19g13.32 and
was initially identified by linkage analysis [90]. The rela-
tionship between APOE and AD has been confirmed in more
than 100 studies conducted in different populations. The
gene has three different alleles, APOE*2, APO*3 and
APOE*4. The APOE*4 allele is the variant associated with
AD. Longitudinal studies in Caucasian populations have
shown that carriers for one APOE*4 allele have a two-fold
increase in the risk for AD [91]. The risk increases in homo-
zygotes for the APOE*4 allele, and this allelic variant is also
associated with an earlier onset of the disease. Interestingly,
APOE*4 likely interacts with other genes to increase the
susceptibility to AD. In particular, an interaction with two
polymorphisms in APH-1a and APH-1b, both subunits of the
gamma-secretase complex, has been recently demonstrated
[92].

Several linkage studies have been performed, giving rise
to a number of candidate susceptibility loci at chromosomes
1, 4,6,9, 10, 12 and 19. In particular the most promising
loci have been found at chromosome 9 and 10 [93, 94].

Also, a large number of candidate genes studies have
been performed in order to search a robust risk factor for the
sporadic form of the disease. Studies were mainly focused in
genes clearly involved in the pathogenesis of AD such as
genes encoding for inflammatory molecules or gene in-
volved in the oxidative stress cascade, both considered major
factors in AD pathology (Table 2). One of the strongest evi-
dence of the role played by genetic variants in inflammatory
agents to increase the risk of AD involves the IL1 complex
which is located at chromosome 2g14-21 and includes IL1-
o, IL1-B, and IL1R antagonist protein (1I-1Ra), all of which
have significant polymorphisms found to be associated with
AD in several case- controls studies carried out in different
populations [95-97]. Several polymorphisms in IL-6 which is
a potent inflammatory cytokine have also been investigated.
The IL6 gene is located at chromosome 7p21 and polymor-
phisms exist in the -174 promoter region and in the region of
a variable number of tandem repeats (VNTR) which is lo-
cated in the 3’untraslated region. Both of them have been
found associated with AD in case-controls studies [98, 99].
Investigation of tumor TNFa polymorphisms was initiated
because genome screening had suggested a putative associa-
tion of AD with a region on chromosome 6p21.3, which lies
within 20 centimorgans of the TNFa gene. Furthermore,
other polymorphisms located in the promoter region of
TNF « have been associated with autoimmune and inflamma-
tory diseases [100]. o1-Antichymotrypsin (ACT) is an acute-
phase reactant produced by activated astrocytes and is ele-
vated in brains affected with AD. The combined effect of
ACT and IL18 polymorphisms has been demonstrated by
Licastro et al. [99].

As with TNFa, investigation, of the role of o-
2macroglobulin (A2M) was initiated as a result of screening
studies of the genome. In this case, linkage was found in the
region of chromosome 1p, where A2M and its low-density
lipoprotein receptor are found. Blacker et al. [101] tested for
association of polymorphisms with AD showing a strong
involvement of this gene in AD.
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In addition, polymorphisms in chemokines have been in-
vestigated with regard to susceptibility of AD. In particular,
MCP-1 and RANTES have been widely screened in different
neurodegenerative diseases [102]. The distribution of the A-
2518G variant was determined in different AD populations
with concordant results [103, 104] showing no evidence for
association of this variant in AD compared with controls.
Moreover, a significant increase of MCP-1 serum levels in
AD carrying at least one G mutated allele was found [104].
Therefore, the A-2518G polymorphism does not seem to be a
risk factor for the development of AD, but its presence corre-
lates with higher levels of serum MCP-1.

RANTES promoter polymorphism -403 A/G, found to be
associated with several autoimmune diseases, was examined
in AD population, failing to find significant differences be-
tween patients and controls [102].

The genes CCR2 and CCR5, encoding for the receptors
of MCP-1 and RANTES, respectively, have been also
screened for association with AD. The most promising vari-
ants involve a conservative change of a valine with an iso-
leucine at codon 64 of CCR2 (CCR2-64l) and a 32-bp dele-
tion in the coding region of CCR5 (CCR5432), which leads
to the expression of a non functional receptor. A decreased
frequency and an absence of homozygous for the polymor-
phism CCR2-641 were found in AD, thus suggesting a pro-
tective effect of the mutated allele on the occurrence of the
disease [105]; conversely, no different distribution of the
CCR5432 deletion in patients compared with controls were
shown [105, 106].

A further chemokine recently tested for susceptibility
with AD is IP-10. A mutation scanning of the gene coding
region has been performed in a restricted number of AD pa-
tients searching for new variants. The analysis demonstrated
the presence of two previously reported polymorphisms in
exon 4 (G/C and T/C), which are in complete linkage dise-
quilibrium, as well as a novel rare one in exon 2 (C/T). Sub-
sequently these SNPs have been tested in a wide case-control
study, but no differences in haplotype frequencies were
found [107].

Other genes under investigation are related to oxidative
stress, a process closely involved in AD pathogenesis. In this
regard, genes coding for the nitric oxide synthase (NOS)
complex have been screened. The common polymorphism
consisting in a T/C transition (T-786C) in NOS3, previously
reported to be associated with vascular pathologies, has been
tested in AD, but no significant differences with controls
were found [108]. Nevertheless, expression of NOS3 in
PBMC either from patients or controls seems to be influ-
enced by the presence of the C allele, and is likely to be dose
dependent, being mostly evident in homozygous for the po-
lymorphic variant. The influence of the polymorphism on
NOS3 expression rate supports the hypothesis of a beneficial
effect exerted in AD by contributing to lower oxidative dam-
age [108].

An additional variant in NOS3 gene has been extensively
investigated in AD patients, although results are still contro-
versial. It is a common polymorphism consisting in a single
base change (G894T), which results in an aminoacidic sub-
stitution at position 298 of NOS3 (GIu298Asp). Dahiyat et
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al. [109] determined the frequency of the GIu298Asp variant
in a two-stage case-control study, showing that homozygous
for the wild-type allele were more frequent in late onset AD.
However, studies in other populations failed to replicate
these results [110-113].

Recently Guidi et al. [114] correlated this variant with to-
tal plasma homocysteine (tHcy) levels in 97 patients and 23
controls, on the basis of a previous study from Brown et al.
[115] who demonstrated, in two independent healthy popula-
tions, that subjects homozygous for the mutation tend to
have higher tHcy concentrations compared with Glu/Asp and
Glu/Glu subjects.

The Glu/Glu genotype was correlated with higher levels
of tHcy and its frequency was increased in AD patients
[114]. Thus, the mechanism by which this genotype contrib-
utes to increase the risk in developing AD could be mediated
by an increase of tHcy levels.

However, NOS-1 is the isoform most abundantly ex-
pressed in the brain. Genetic analyses demonstrated that the
double mutant genotype of the synonymous C276T poly-
morphism in exon 29 of the NOS1 gene represents a risk
factor for the development of early onset AD [116], whereas
the dinucleotide polymorphism in the 3’UTR of NOS1 is not
associated with AD [117]. To date, the promoter region of
NOS1, located approximately 200 kb upstream of this poly-
morphism, has not been investigated for susceptibility to
AD. Due to this reason and to further explore a possible as-
sociation of NOS1 polymorphisms with AD, the distribution
of a functional polymorphisms and a variable number of
tandem repeats (VNTR) was analyzed in a case-control
study, which tested 184 AD patients as well as 144 healthy
subjects [118]. The functional variant considered is located
in exon 1c, which is one of the nine alternative first exons
(named 1a-1i), resulting in NOS1 transcripts with different
5’-untraslated regions [119]. Three SNPs have been identi-
fied in exon 1c, but only the G-84A variant displays a func-
tional effect, as the A allele decreases transcription levels by
30% in in-vitro models [120]. Regarding exon 1f, a variable
number of tandem repeats (VNTR) polymorphism has been
recently reported in its putative promoter region, termed
NOS1 Ex1f-VNTR. This VNTR is highly polymorphic and
consists of different numbers of dinucleotides (B-Q), which,
according to their bimodal distribution, have been dichoto-
mized in short (B-J) and long (K-Q) alleles for association
studies [121]. Both Ex1c G-84A and Ex1f-VNTR are associ-
ated with psychosis and prefrontal functioning in patients
with schizophrenia [121]. Notably, both Ex1c and Ex1f tran-
scripts are found in the hippocampus and the frontal cerebral
cortex [121], i.e. brain regions implicated in the pathogenesis
of schizophrenia as well as AD. The presence of the short (S)
allele of NOS1 Ex1f-VNTR resulted to be a risk factor for
the development of AD [118]. The effect is cumulative, as in
S/S carriers the risk is doubled. Most interestingly, the effect
of this allele is likely to be gender specific, as it was found in
females only. In addition, the S allele was shown to interact
with the APOE*4 allele both in males and females, increas-
ing the risk to develop AD by more than 10 fold [118]. Thus,
NOS1 seems to be a risk factor for AD, but only in female
population. This could be explained by a possible interaction
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with other genes or with additional environmental factors
present in females but not males.

The best well-known risk factor for late onset sporadic
AD, APOE*4, has also been considered as a risk factor for
sporadic FTLD (Table 4). A number of studies suggested an
association between FTLD and APOE*4 allele [122-127].
Other Authors however, did not replicate these data [128-
130]. Recent findings demonstrated an association between
the APOE*4 allele and FTLD in males, but not females
[131], possibly explaining the discrepancies previously re-
ported. An increased frequency of the APOE*4 allele was
described in patients with SD compared to those with FTD
and PPA [129]. Concerning the APOE*2 allele in the devel-
opment of FTLD, heterogeneous data have been obtained in
different populations. Bernardi et al. [127] showed a protec-
tive effect of this allele towards FTLD, whereas other
Authors failed to do so [129-132]. Despite these results, a
meta-analysis comprising a total of 364 FTD patients and
2671 controls (CON) demonstrated an increased susceptibil-
ity to FTD in APOE*2 carriers [133].

Regarding MAPT, besides pathogenic mutations, several
polymorphisms have been reported to date. A number of
these polymorphisms are in complete linkage disequilibrium
and inherited as 2 distinct haplotypes, named H1 and H2.
They differ in nucleotide sequence and intron size, but are
identical at the amino acid level. Up to now, H1 MAPT
haplotype was found to be associated with different forms of
tauopathies including FTD, progressive supranuclear palsy
(PSP) and corticobasal degeneration (CBD) [134-139].

Regarding sporadic ALS (SALS), a number of potential
susceptibility and modifier loci have been identified, several
of them involved in oxidative stress (Table 5).

In conclusion, regarding sporadic form of neurodegenera-
tive diseases several polymorphisms have been described in
cytokine and chemokines genes as well as in gene involved
in oxidative stress pathway. These allelic variants might in-
crease the risk to develop neurodegenerative diseases, but are
insufficient to provoke the disease alone. However, the over-
all risk to develop these diseases may be profoundly affected
by the combination of these multiple high risk alleles. There-
fore, an accurate genetic screening of polymorphisms confer-
ring increased susceptibility to neurodegenerative diseases
could be of help for identifying populations which are more
at risk to develop the disease.
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