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Summary. – Alzheimer's disease (AD) is the most common form of senile dementia. There are 24.3 million
people suffering from this progressive neurodegenerative disorder worldwide. A century ago, AD was
characterized with regard to the clinical manifestations and pathology for the first time. Up till now, there is
a lack of full understanding of the underlying causes and molecular mechanisms leading to this progressive
form of dementia. The majority of AD cases occur sporadically, what suggested that they could arise through
interactions among various genetic and environmental factors. Current epidemiological investigations show
that midlife hypertension, cardiovascular diseases, hypercholesterolemia, diabetes, obesity, inflammation, and
viral infections can significantly contribute to the development and progression of AD, whereas active
engagement in social, mental and physical activities may delay the onset of the disease. Apolipoprotein E (ApoE)
is considered as the main genetic risk factor in the sporadic AD that is closely connected to lipid metabolism.
Other genes involved in the disease pathways related to AD pathology in addition to cholesterol metabolism,
neuroinflammation, amyloid and tau cascade, neuronal signalling, and plasticity are under investigation. In
spite of the significant progress achieved, it is still not clear how genetic vulnerability and environmental
exposures may contribute to the susceptibility of the disease. Therefore, understanding the role of diseaserelated risk factors for AD pathogenesis may help to identify specific modifiable risk factors that could provide
possibility for the prevention of Alzheimer's dementia.
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E; APP = amyloid precursor protein; BDNF = brain-derived
neurotrophic factor; CH25H = cholesterol 25-hydroxylase;
CHRNB2 = nicotinic acetylcholine receptor, beta 2 subunit;
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24-hydroxylase; DNMBP = dynamin-binding protein; ESR1 =
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IDE = insulin degrading enzyme; IL-1A = interleukin 1A gene; IL1α = interleukin 1 alpha, IL-1ß = interleukin 1 beta; IL-6 = interleukin
6; IL-10 = interleukin 10; LH = luteinizing hormone; LPL =
lipoprotein lipase; MAPT = microtubule-associated protein tau;
MHC = major histocompatibility complex; NCSTN = nicastrin;
NFT(s) = neurofibrillary tangle(s); PRNP = prion protein; PUFA =
polyunsaturated fatty acid; SORL1 = sortilin related receptor; TFAM =
transcription factor A, mitochondrial; TGFß = transforming growth
factor beta; tHcy = total plasma homocysteine; TNFα = tumor necrosis
factor alpha; UBQLN1 = ubiquilin
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1. Introduction
AD is a multifactorial neurodegenerative disorder with
unknown primary cause. It becomes one of the greatest
medical, social and economical problems, especially in the
developed countries with steadily growing life expectancy.
Epidemiologic studies show that currently 24.3 million
people are suffering from dementia with 4.6 million new
cases emerging each year (Ferri et al., 2005). This disease
is puzzling by its complexity involving multiple pathogenetic factors, intrinsically disordered proteins, truncated
and hyperphosphorylated tau protein and ß-amyloid
(cleavage product of amyloid precursor protein) (GrundkeIqbal et al., 1986; Wischik et al., 1988; Novák et al., 1991,
1993; Hardy and Selkoe, 2002; Masters and Beyreuther,
2006). Accumulation of misfolded proteins initiates
pathogenic pathways leading to neurodegeneration,
inflammation, glutamate excitotoxicity, cholinergic deficit,
imbalance of neurotransmitters, mitochondrial dysfunction,
oxidative stress, calcium homeostasis disruption, cell cycle
alterations and many other factors contributing to neuronal
dysfunction (McGeer et al., 1987; Selkoe, 2001; Arendt,
2002; Eikelenboom et al., 2006). In addition, these
molecular, structural, and functional changes are boosted
by the individual differences in genetic background,
environmental stimuli, lifestyle, and other factors.
Essentially, any co-morbid factor that concomitantly
reduces the number and density of neurons and synapses
or increases neuronal vulnerability in the hippocampus and
isocortex has the potential to accelerate the onset and
progression of the clinical manifestations of AD (Peavy et
al., 2007). On the other hand, protective factors may
stimulate energy metabolism, blood supply, glial activity,
neuronal signalling and plasticity and in this way protect
the brain from cognitive decline (Fig. 1). In this paper, we
provide an overview of the major non-genetic and genetic
risk factors potentially contributing to the development of
Alzheimer’s disease.

3.2.
3.3.
3.4.
3.5.
3.6.
4.

Genes connected to cholesterol metabolism
Amyloid metabolism genes
Tau protein gene
Inflammatory factors
Other possible genetic risk factors
Conclusion

2. Non-genetic risk and protective factors
2.1. Non-genetic risk factors
A large quantity of epidemiological studies confirmed
that some groups of people are more vulnerable to
sporadic AD than the rest of the population. Multiple
factors may influence the onset and progression of the
disease. The main risk-increasing factors examined in
epidemiological studies are associated with life history.
Some of them, like hypertension, diabetes, and obesity
may have genetic component, but particular genes
involved and complex mechanisms of their interaction
with other genes and environmental factors are not fully
understood yet. Several authors propose that neurodegenerative diseases are not a result of single-hit event,
but rather a several-step process involving genetic,
epigenetic and environmental events (Bossy-Wetzel et al.,
2004; Coppede et al., 2006).
Age as a main risk factor. The greatest known risk factor
for AD is the increasing age. The likelihood of developing
AD doubles at every five years after age 65. After age 85,
the risk reaches nearly 50 percent (Evans et al., 1989).
Hypertension as a long-term stress of the blood vessel
endothelium and walls is an important risk factor for AD.
High midlife systolic blood pressure increases probability
of AD or vascular dementia in later age (Kivipelto et al.,
2001; Freitag et al., 2006) and also increases load of
neurofibrillary tangles (NFTs) and amyloid plaques
(Petrovitch et al., 2000). In hypertensive individuals, the
higher density of amyloid plaques and NFTs was found in
preclinical stages of AD (Sparks et al., 1995). A hypertension participates in several types of the brain damage:
angiopathy (blood vessel deformity), atherosclerosis and
silent infarctions, reduced cerebral blood flow (reduced
delivery of the oxygen and nutrients to the tissue), neuronal
damage caused by ischemia and altered calcium homeostatic mechanism, changes in signaling pathways, and
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Impact of risk and protective factors on the cognitive functions in humans
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oxidative stress (Farkas et al., 2000; Sabbatini et al., 2001;
Roman and Kalaria, 2006; Inzitari et al., 2007; Lambeth,
2007).
Diabetes. Several epidemiological studies showed
positive correlation between diabetes and AD (Breteler,
2000; Luchsinger et al., 2007a). Supposed mechanism
contributing to the neurodegeneration could comprise
vascular changes in diabetes or insulin deregulation itself.
Insulin plays an important role not only in energy
metabolism, but also in memory function (insulin-sensitive
glucose transporters are localised to the memory supporting
brain regions) (Watson and Craft, 2003). Some studies
showed that noradrenaline levels are increased in CSF after
induced peripheral hyperinsulinemia. This increase
correlates with the improved memory in healthy adults
(Watson et al., 2006). Furthermore, insulin deregulation may
contribute to the AD pathology by decreased glucose
utilisation, increased oxidative stress through the formation
of advanced glycation end-products, increased tau
phosphorylation and amyloid beta (Aβ) aggregation
(Grossman, 2003). Insulin degrading enzyme (IDE), capable
to clean-up beta amyloid from the brain, has higher preference
for insulin than for amyloid (Taubes, 2003). Therefore, in the
case of hyperinsulinemia, insulin depletes the capacity of the
enzyme, enabling accumulation of amyloid. Moderate
hyperinsulinemia can elevate inflammatory markers –
interleukin 1 alpha (IL-1α), interleukin 1 beta (IL-1ß),
interleukin 6 (IL-6) and tumor necrosis factor alpha (TNFα) –
and level of amyloid in the brain, thereby potentially increasing
the risk of AD (Fishel et al., 2005).
Neuroinflammation is a common denominator of many risk
factors in AD. Multiple studies provided increasing evidence
that inflammation plays an integral role in the development
of AD. Despite the ongoing research, the extent to which
neuroinflammation contributes to disease pathogenesis is still
not fully understood (Žilka et al., 2006). Several follow-up
studies suggested that the inflammation precedes the
development of the plaques, tangles, and clinical signs of
dementia and that increased inflammatory markers might be
another risk factor for AD. High serum levels of fibrinogen
(non-specific inflammatory marker) increased the risk of AD
and vascular dementia (van Oijen et al., 2005). In elder people,
higher serum levels of IL-1ß and TNFα were regarded as the
markers of AD risk (Tan et al., 2007). The Honolulu-Asia
Aging study lasting for 25-year found the significant
connection between non-specific inflammatory marker (highsensitivity C-reactive protein) and the increased risk of AD
and vascular dementia (Schmidt et al., 2002).
Obesity in middle age (independently of other co-morbid
factors) was strongly associated with the risk of AD in later
life (Whitmer et al., 2005). Adipose tissue is a potent source
of inf lammatory interleukins and other cytokines
contributing to chronic inf lammatory state, insulin

resistance, and cardiometabolic risks linked to cognitive
dysfunction. Several studies showed an impaired performance in memory and executive function tests in healthy
obese adults, when compared to adults with normal body
mass index. Memory impairment related to the obesity was
independent of age (Gunstad et al., 2006, 2007).
High cholesterol. In epidemiologic studies hypercholesterolemia appeared to be a risk factor for AD (Kivipelto
et al., 2001). This conclusion was confirmed by the
experiments in mice, when high dietary intake of cholesterol
caused increase of Aß accumulation (Refolo et al., 2000).
On the contrary, cholesterol-lowering drugs statins decreased
the risk of AD (Wolozin et al., 2000).
Total homocysteine (tHcy). Elevated tHcy level is
considered as a risk factor for arteriosclerosis and
cardiovascular diseases, but also as an independent risk factor
for AD (Quadri et al., 2004; Ravaglia et al., 2005). Elevated
tHcy in the plasma may supplement neurotoxic and
vasculopathic processes including Aβ-protein metabolism.
According some authors, it is not clear, if an elevation in
tHcy concentration is a “risk factor” with a direct
pathophysiological role in the development of the disease
or merely a “risk marker” reflecting an underlying process
such as oxidative stress responsible for both the high tHcy
concentrations and the development of AD (Seshadri, 2006).
Reduced levels of gonadal hormones. Low free
testosterone in men was determined as an independent risk
factor for AD – and not a consequence of the disease
(Hogervorst et al., 2004; Zondermann, 2005). Association
of estrogen level in women to the risk of AD is less
perspicuous. Estrogen seems to protect neurons and improve
cognition. However, a growing number of pregnancies
increases the risk of developing AD. Nulliparous women
are at lowest risk (Colucci et al., 2006). Post-menopausal
women are more susceptible to AD than men in the same
age group. Preventive effect of the estrogen and/or
progesterone hormone replacement therapy was not
confirmed (Seshadri et al., 2001; Rapp et al., 2003). Some
authors emphasize the role of luteinizing hormone (LH)
rather than estrogen. Its levels increase with ageing and are
higher in women with AD compared to healthy controls
(Casadesus et al., 2005; Webber et al., 2005). In amyloid
mouse model, LH ablation improved cognition and
decreased Aß deposition (Casadesus et al., 2006).
Viral infection is another risk factor connected to the
inflammation and oxidative stress. More viruses infiltrate the
brain in elderly people probably due to the decreasing efficacy
of immune system, e.g. herpes simplex viruses type 1
(HSV-1) and type 6 (HSV-6), and cytomegalovirus (CMV).
Interestingly, HSV-6 was found more frequently in AD
patients than in controls (prevalence of 70% in AD patients
versus 40% in controls) (Lin et al., 2002). It is noteworthy
that the process of HSV-6 penetration into the elderly human
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brains is APOE allele independent, what is different from
HSV-1. However, it is not clear whether HSV-6 is a risk factor
by itself or its presence is rather a consequence of higher
susceptibility of the AD brain to virus penetration. HSV-1
infection is common (90% of the population is carrying this
virus) and the virus remains life-long in a latent state in
peripheral neurons reaching the brain in older age. It was
shown that HSV-1 recurrent infection in combination with
APOE ε4 allele increases the risk of AD (Itzhaki et al., 1997).
In APOE transgenic mouse model, APOE genotype
modulates neuroinvasiveness of the HSV-1, where APOE ε4
allows the virus entry into the CNS in higher titres (Burgos
et al., 2003). Another study in home-dwelling elderly found
positive correlation between the increased viral burden
(HSV-1 or CMV) and a cognitive impairment without any
bacterial interference (Strandberg et al., 2004). Finally, it
was shown that the previous exposure to the conventional
anti-viral vaccines (diphtheria or tetanus, poliomyelitis and
influenza) decreases the risk of future AD (Verreault et al.,
2001).
Smoking increases the levels of reactive oxygen and
nitrogen significantly, causes depletion of antioxidants, and
damages cardiovascular system. On the other hand, the welldocumented effect of nicotine on learning and memory via
nicotinic acetylcholine receptors makes relation of smoking
to AD ambiguous. Indeed, smoking in elderly increases the
risk of AD more than two times – only in APOE ε4 carriers
no association was found (Ott et al., 1998). Other study
showed that older smokers are more likely to develop AD
compared to those who never smoked. Intriguingly, former
smokers carrying APOE ε4 were less likely to develop AD
than those APOE ε4 carriers who never smoked (Aggarwal
et al., 2006).
Chronic stress may contribute to the memory loss in
people at risk for developing AD. Wilson et al. (2006)
reported that persons more prone to stress suffered higher
risk of developing AD and accelerated cognitive decline.
Psychological stress affects the hypothalamic-pituitaryadrenal axis resulting in the sustained release of glucocorticoids (cortisol). Prolonged increased cortisol levels
caused reduction of hippocampal volume and deficit in
hippocampus-dependent memory tasks in elderly humans
(Lupien et al., 1998). The interaction between APOE ε4
allele and chronic stress has not been understood yet.
However, the synergic effect of the risk genotype and
memory impairment caused by stress-increased cortisol
levels was observed (Peavy et al., 2007).
Head injury has several common links to AD, e.g. bloodbrain barrier damage with leakage of plasma proteins, toxins,
and viruses into the brain, free radical release, an axonal
damage together with neuronal loss lower a threshold for
the dementia onset. Although some authors consider brain
injury contribution to AD pathogenesis controversial, many
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clinical studies and experiments in animal models showed
that repetitive, but also single head injury was a risk factor
for AD (Lye and Shores, 2000; Szczygielski et al., 2005).
An autopsy study confirmed the clinical studies suggesting
some influence of severe traumatic brain injury on the
development of AD (Jelinger et al., 2001).
Environmental exposure to metals was studied due to the
high capability of brain to accumulate metals that led to the
protein damage and aggregation and contributed to an
increased oxidative stress. Thus, homeostasis of some metals
is altered in AD patients. Studies examining the influence
of aluminium, zinc, copper, iron or mercury in relation to
neurodegeneration have conflicting results and influence
of these metals on the risk of AD is still discussed (Coppede
et al., 2006).
2.2 Non-genetic protective factors
Epidemiological studies have suggested that an active
engagement in social, mental and physical activities may
postpone the onset of dementia by providing a cognitive
reserve or by reducing psychosocial stress (Qiu et al., 2007).
Intellectual stimulation and social interaction. Higher IQ,
educational level or occupational attainment decreases the
risk of AD development (Colucci et al., 2006; Mortimer et
al., 2005). Most studies explain this relationship by the
cognitive reserve that inhibits some clinical signs of AD in
spite of the relatively developed pathology in the brain.
Cognitive reserve may be based on a more efficient
utilization of brain networks or an ability to recruit alternate
brain networks as needed, what may be intentionally directly
enhanced (Stern, 2006). In elderly, social isolation deprives
individual of the important stimuli. In a 4-year follow-up
study, social isolation was associated with a lower level of
the cognition at baseline, more rapid decline and
development of AD symptoms, but not with the load of AD
histopathological hallmarks (Wilson et al., 2007). This result
suggests that the social interaction influences a cognitive
reserve of the patient, capacity of the “healthy” neurons and
functional outcome, but not the progression of pathological
processes themselves.
However, challenging of neuronal plasticity by various
environmental stimuli improves the neuronal environment,
enhances neurogenesis, and reduces apoptosis. In several
rodent models of neurodegeneration, it was possible to
restrict the development of the brain pathology. In amyloid
transgenic mice, the plaque burden was reduced in response
to the enriched environment (Lazarov et al., 2005).
Regular physical activity has positive effect on the
cognitive functions not only by the means of beneficial effect
on cardiovascular system with improvement of the energy
and nutrient supply to the nerve tissue, but also by profound
effect on the synaptic plasticity (Kramer et al., 1999). Novel
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findings suggest that an exercise may induce a variety of
molecular factors involved in angiogenesis and neurogenesis
including brain-derived neurotrophic factor, insulin-like
growth factor I, and vascular endothelial growth factor
(Gomez-Pinilla, 2007; Kramer and Erickson, 2007). Physical
exercise reduces risk of AD in elderly and delays its onset
(Laurin et al., 2001; Larson et al., 2006). In the patients
already suffering of AD, exercise can improve mood,
condition, and cognitive functions (Arkin, 2003). Low
physical activity increases the risk of AD in future (Wang et
al., 2006).
Benefits of vitamin-rich diet are associated with the
reduction of oxidative stress (antioxidative actions of
vitamins C, E) and cell membrane protection (vitamin E).
Vitamins B1 and B9 improve cognitive functions in elderly.
B6 and B12 are directly involved in the synthesis of
neurotransmitters (Bourre, 2006a). Higher intake of folate
decreases the risk of AD probably through the lowering of
homocysteine levels (Luchsinger et al., 2007b).
An optimal intake of nutrients does not protect people
from dementia. However, inadequate dietary habits
widespread in population of the developed countries result
in a subclinical deficiency of essential nutrients and increase
the risk of age-related disorders (Salerno-Kennedy and
Cashman, 2005).
Omega-3 fatty acids (family of polyunsaturated fatty
acids, PUFAs) are important for memory and cognition,
neuroplasticity of nerve membranes, synaptogenesis, and
synaptic transmission. Docosahexaenoic acid is essential for
the synthesis of membrane structures and for neuronal
functions (Bourre, 2006b). The ratio of omega-3 to omega-6
PUFAs can be modulated by the dietary intake. This ratio
influences a neurotransmission and prostaglandin formation,
which are processes vital in the maintenance of normal brain
function (Haag, 2003). The signs of omega-3 fatty acid
deficit were found in neurodegenerative disorders as the AD
and schizophrenia (Saugstad, 2006). Dietary supplement of
omega-3 fatty acids helped to slow down the progression of
cognitive impairment only in patients with very mild AD
symptoms (Freund-Levi et al., 2006). In addition, the
Rotterdam study found that low intake of PUFAs and high
intake of total and saturated fats was not associated with the
risk of dementia (Hofman et al., 2006).
Epidemiological evidence indicates that non-steroidal
anti-inflammatory drugs (NSAIDs) may lower the risk of
developing AD (Tuppo and Arias, 2005). Since patients with
rheumatoid arthritis and osteoarthritis are usually treated
with NSAIDs for a long period of time, epidemiological
studies have looked into the association of these diseases
and AD. Many of those studies have reported an inverse
relationship between having arthritis (and being treated with
NSAIDs) and AD (Zandi and Breitner, 2001), but not with
the vascular dementia (McGeer and McGeer, 2007). Unlike

promising results coming from small-scale trials, later largescale clinical studies of NSAIDs in AD patients have been
disappointing. Randomized controlled trials, assessing the
effect of the COX-1 and COX-2 inhibitors, failed to
demonstrate any beneficial effects on cognition, behavior
or activities of daily livings of AD patients (McGeer and
McGeer, 2007). Among the reasons of anti-inflammatory
therapy failure is the possibility that by the time the AD
becomes clinically significant, the neuropathology of the
brain is very advanced for NSAID therapy to be effective.
These data provide perhaps the most convincing evidence
to date that NSAIDs may be useful in the prevention rather
than in therapy of AD (Žilka et al., 2006).
Long-term treatment by cholesterol-lowering drugs statins
(3-Hydroxy-3-Methyglutaryl Coenzyme A reductase
inhibitors) is supposed to reduce the risk of AD. There are
more mechanisms proposed, e.g. suppression of beta-amyloid
metabolism, vascular effects, and antiinflammatory effects.
Wolozin et al. (2000) showed that the patients treated by the
statins had lower prevalence of diagnosed AD, but only in
the group of patients younger than 80 years (Rockwood et
al., 2002). However, any beneficial effect of regular statin
use on AD was not demonstrated (Zhou et al., 2007).
3. Genetic risk factors
Over the last several years, hundreds of reports claimed
or refuted genetic association with putative genes
determining AD susceptibility. AD genetic studies detected
more than 1000 different polymorphisms in 355 genes
(Bertram et al., 2007). However, many genes potentially
associated with the sporadic AD were not confirmed as
candidate genes indicating an enormous genetic heterogeneity across populations. Here, we report several candidate
genes involved in various disease-pathways that are
associated with risk of AD (Table 1).
3.1. Apolipoprotein E variability – the main genetic
risk factor
ApoE is a plasma cholesterol and phospholipid
transporter that plays a central role in the lipoprotein
metabolism in the brain and is involved in a repair, growth,
and maintenance of myelin and neuronal membranes
during development or after injury. Human ApoE exists in
three major isoforms (E2, E3, and E4) encoded by distinct
alleles (ε2, ε3, and ε4). APOE ε3 is the most frequent form
(78%), APOE ε4 makes up 15% and APOE ε2 approximately
7% (Corder et al., 1994). The APOE ε4 allele is the main
genetic risk factor for the development of sporadic AD,
whereas the ε3 and ε2 alleles provide relative protection
from this neurodegenerative disorder (Farrer et al., 1997).
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Table 1. Genes and their polymorphisms in relation to the risk of AD
Gene

Relevance of the gene product for AD pathogenesis

ABCA1
ACE
ACT

cholesterol efflux pump in lipid removal pathway
blood pressure regulation, fluid-electrolyte balance
protects the tissue from proteolytic enzymes;
component of plaques
APOC1 potent inhibitor of LPL-mediated triglyceride lipolysis
APOE
plasma cholesterol and phospholipid transporter with
central role in brain lipoprotein metabolism
BDNF
neuroptorection
CST3
cysteine protease inhibitor, connected to
atherosclerosis and vascular disease
CYP46A1 major cholesterol metabolizing enzyme
DNMBP protein influencing cell junction formation
ESR1
estrogen receptor
HLA

Location

Polymorphism

Study

9q31.1
17q23.3
14q32.1

Katzov et al. (2004)
Kehoe et al. (1999)

19q13.2
19q13.2

rs4149313 (I883M)
rs1799752 (intron 16 ins/del)
ACT promoter, rs4934
(Ala-17Thr)
rs11568822 (ins/del-HpaI)
ε2/3/4

Licastro and Chiappelli (2003)
Retz et al. (2001)
Corder et al. (1994)

11p13
20p11.21

C270T
rs1064039 (A25T)

Kunugi et al. (2001)
Goddard et al. (2003)

14q32.1
10q24.2
6q25.1

Li et al. (2006)
Kuwano et al. (2006)
Corbo et al. (2006)

6p21.3

rs754203 (2i)
rs11190302
rs2234693 (PvuII),
rs9340799 (XbaI)
HLA (A2)

major histocompatibility complex; key role
in antigen presenting
CH25H supression of transcription of cholesterol
synthetic enzymes
CHRNB2 subunit of nicotininc cholinergic receptor
IDE
insulin degrading enzyme; ability to cleave amyloid beta
IL-10
anti-inflammatory cytokine

10q23

rs13500

Papassotiropoulos et al. (2005)

1q21.3
10q23-q25
1q31-q32

Cook et al. (2004)
Bian et al. (2004)
Arosio et al. (2004)

IL-1A
IL-6
LPL
MAPT
NCSTN
PRNP

2q14
7p21
8p22
17q21.1
1q22-q23
20p13

rs4845378
rs3758505 (IDE_1)
rs1800871 (-819),
rs1800896 (-1082)
rs1800587 (-889)
rs1800795 (G-174C)
rs268 (N291S), rs328 (S447Ter)
tau H1/H2
rs122239747 (L212L)
rs1799990 (M129V)

pro-inflammatory cytokine
pro-inflammatory cytokine
enzyme transporting cholesterol to neurones
main NFT component
regulation of Aβ production
suggested function in: adhesion, transmembrane
signaling, uptake of extracellular ligands
SORL1
role in generation of amyloid beta, through
the recycling of APP
TFAM
mitochondrial transcription factor, participates
in mitochondrial genome replication
TGFß
multifunctional cytokine controlling cell cycle,
differentiation, apoptosis
TNFα
pro-inflammatory cytokine
UBQLN1 modulation of APP trafficking

Ballerini et al. (1999)

Grimaldi et al. (2000)
Licastro et al. (2003)
Baum et al. (1999)
Myers et al. (2005)
Confaloni et al. (2003)
Golanska et al. (2004)

11q23.2-q24.2 rs1010159

Rogaeva et al. (2007)

10q21

Günther et al. (2004)

rs1937 (S12T), rs2306604

19q13.2;
rs1800469 (-509)
19q13.1
6p21.3
rs1800629 (-308)
9q22;
9q21.2-q21.3 rs12344615 (UBQ_8i)

Compared with APOE ε2 and ε3, APOE ε4 increases the
risk of cognitive impairments, lowers the age of onset of
AD and decreases the response to AD treatments (Reed et
al., 1994). Moreover, APOE variability influences amyloid
load and NFT density in AD patients. The APOE ε4 carriers
have more plaques and tangles, than the carriers of the
other APOE alleles (Nagy et al., 1995). Another
histopathological study showed that amyloid angiopathy
was clearly related to frequency of APOE ε4 allele,
although APOE relation to senile plaque load was weak
(Berg et al., 1998).
Although reports of the influence of APOE genotype on
the quantity of amyloid and tau pathology in AD patients
yielded contradictory results, Beffert and Poirier (1996)
confirmed the relationship, but Landen et al. (1996) did not

Luedecking et al. (2000)
Ramos et al. (2006)
Kamboh et al. (2006)

verify these results. It is likely that APOE genotype
influences the neuronal plasticity. In AD cases without
APOE ε4 allele, dendritic length and arborization were
indistinguishable from the elderly controls in transentorhinal
area, entorhinal cortex and subiculum/CA1, while AD cases
carrying one or two APOE ε4 alleles showed regressive
changes of the dendritic tree (Arendt et al., 1998).
Furthermore, loss of the synaptic proteins is more severe in
patients with APOE ε4 allele (Tannenberg et al., 2006).
These findings were confirmed by the study with transgenic
mice expressing human ApoE isoforms, when APOE ε4
impaired hippocampal plasticity and specifically blocked
the environmental stimulation of synaptogenesis and
memory, after the exposure to the enriched environment
(Levi et al., 2003).
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Besides APOE, also polymorphism of apolipoprotein
C-I gene promoter (AOPC1, chromosome 19, potent
inhibitor of LPL-mediated triglyceride lipolysis) was
studied for its possible relationship to AD. APOC1 allele
A2 is closely linked to the APOE allele ε4 and might
modulate the risk for AD (Retz et al., 2001; Ki et al., 2002).
On the other hand, studies performed in African-Americans
excluded the influence of APOC1 polymorphism (Tycko
et al., 2004).
In spite of the fact that APOE is the most important
genetic risk factor for the late onset AD (accounting for
nearly 30% of risk), APOE ε4 allele is neither necessary
nor sufficient for the development of AD (Kamboh, 2004).
About half of the AD patients have APOE ε3 homozygous
genotype (Kuwano et al., 2006). Therefore, there is constant
search for other genetic risk factors having higher correlation
with the onset and progression of AD. Many different
candidate genes are under consideration. The results of
multiple studies are summarized for meta-analysis in the
AlzGene database (Bertram et al., 2007). The strongest
evidence for putative sporadic AD-linked genes was found
on chromosomes 12, 10, 9 and 6 (Kamboh, 2004).
3.2. Genes connected to cholesterol metabolism
Several studies have provided convincing evidence that
different aspects of brain lipid metabolism may influence
Alzheimer disease pathogenesis. Therefore, several
candidate genes became subject of epidemiological studies.
ATP-binding cassette transporter 1 (ABCA1) gene.
Product of this gene is a membrane-associated protein that
functions as a cholesterol efflux pump in the cellular lipid
removal pathway. In AD patients, two ABCA1 gene
haplotypes (H2, H5) were enriched, whereas two other
common haplotypes in the studied region (H1, H3) were
significantly under-represented (Katzov et al., 2004; Chu et
al., 2007). In contrast, study of Shibata et al. (2006) did not
support the hypothesis that ABCA1 gene was associated
with susceptibility to AD.
Cholesterol 24-hydroxylase (CYP46A1) gene. Increasing
biological findings argue for the importance of CYP46A1 in
cholesterol homeostasis in cerebral structures. The studies
among Chinese population supported the involvement of the
polymorphism IVS3-128 and intron 2 polymorphism of
CYP46A1 gene in the pathogenesis of AD (Ma et al., 2006; Li
et al., 2006). However, other results did not support a genetic
association between the intron 2 polymorphism of CYP46 gene
and the risk of sporadic AD (Wang and Jia, 2007).
Cholesterol 25-hydroxylase (CH25H) gene. The
microsomal enzyme CH25H is a high-density lipoprotein
binding related protein and regulating lipid metabolism
(Riemenschneider et al., 2004). The CH25H gene showed
high expression in vulnerable brain regions of AD patients.

Authors suggested the possibility that CH25H polymorphisms are associated with different rates of brain Αβ
deposition (Papassotiropoulos et al., 2005). However, other
studies stated that genetic variations do not contribute to
the genetic risk of AD (Riemenschneider et al., 2004; Shibata
et al., 2006).
Lipoprotein lipase (LPL) gene. LPL is an enzyme
important for the lipid metabolism. It helps transfer lipids
from lipoprotein particles into the cells. LPL binds ApoE
lipoprotein particles and low-density lipoprotein receptorrelated protein, an ApoE receptor. In the AD brain, LPL is
present in amyloid plaques (Baum et al., 1999). While few
studies on clinically diagnosed subjects showed that LPL
mutations were associated with altered AD risk (Baum et
al., 1999; Scacchi et al., 2004), others did not support
associations between AD and common polymorphisms in
LPL (Martin-Rehrmann et al., 2002; Fidani et al., 2002;
Riemenschneider et al., 2004).
3.3. Amyloid metabolism genes
There are investigated many genes linked to amyloid
production:
Alpha-1-antichymotrypsin (ACT) gene. ACT is an acute
phase protein and plasma protease inhibitor supposed to
protect the tissue from proteolytic enzymes. It is a component
of the amyloid plaques and can bind amyloid peptide
promoting its assembly and deposition (Potter et al., 2001).
A calcium-activated serine proteinase similar to cathepsin
G may be involved in the generation of Αβ and may be
a substrate for the ACT found in the brain (Kalashker, 1996).
Increased levels of ACT have been widely reported in the
cerebrospinal fluid and serum of AD patients. In addition,
ACT mRNA is over-expressed in the grey matter of AD
patients. In the ACT gene, a single nucleotide polymorphism
identified in the signal peptide region seems to be important
as a predisposing marker for AD in association with the APOE
ε4 genotype (Licastro and Chiappelli, 2003).
Cystatin C (CST3) gene. Product of this gene is a cysteine
protease inhibitor found in high concentrations in biological
fluids and in all organs of the body. CST3 is known as an
amyloidogenic protein and a component of the amyloid
plaque (Goddard et al., 2004). Furthermore, CST3 might
play a role in the atherosclerotic and vascular disease.
Recently, there was reported a positive relationship of the
CST3 gene polymorphism to the risk of AD in European
and Asian population (Goddard et al., 2004; Cathcart et al.,
2005; Chuo et al., 2007). The CST3-A allele was seen as an
accumulation risk factor for early onset of AD. Moreover,
a synergistic association among the CST3-A allele, APOE
ε4 and AD was found in patients between 60 and 74 years
(Beyer et al., 2001). In contrast, other studies do not support
these findings (Monastero et al., 2005).
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Insulin degrading enzyme (IDE) gene. IDE is a large
zinc-binding protease of the M16A metalloprotease
subfamily cleaving multiple short polypeptides that vary
considerably in sequence. The ability to cleave Aß into
non-toxic and non-depositing products makes IDE
interesting for AD research (Suh and Checler, 2002).
Moreover, IDE knock-out mice showed increased blood
insulin and increased accumulation of amyloid precursor
protein (APP) and ß-amyloid in the brain (Farris et al.,
2003). The IDE gene represents a strong positional and
biologic candidate for late onset AD susceptibility. Among
the four polymorphisms of IDE gene studied on Chinese
population, only the C allele of single-nucleotide
polymorphism IDE2 showed an association with AD.
However, the association between IDE2 and AD was
confined to APOE ε4 carriers only suggesting a possible
synergic interaction between IDE and APOE ε4 in the risk
to develop late-onset AD (Bian et al., 2004). In contrast,
other study indicated that variability in IDE gene might
affect AD severity rather than risk (Blomqvist et al., 2005).
Nicastrin (NCSTN) gene. Nicastrin is a type I transmembrane glycoprotein, an integral component of the
multimeric gamma-secretase complex involved in the
regulation of Aß production. Some differences were found
in the distribution of genotype alterations in the AD patients
compared to the controls (Confaloni et al., 2003). In reverse,
other study did not report any associations between NCSTN
gene polymorphism, presenilins, Aß, and APOE genotype,
or risk of AD (Orlacchio et al., 2002).
Sortilin related receptor (SORL1) gene. This receptor
plays a role in generation of Αβ, through the recycling of
amyloid precursor protein. Ablation of SORL1 expression
in knock-out mice causes increase of the Αβ levels (Andersen
et al., 2005). Rogaeva et al. (2007) reported that inherited
variants in the SORL1 were associated with late onset of
AD.
Ubiquilin (UBQLN1) gene. Ubiquilin (ubiquitin-like
protein) influences the function of presenilin proteins
involved in early onset of AD. The genetic variation in the
UBQLN1 gene may have a modest effect on risk, age-atonset and disease duration of AD. One common haplotype
(H4) was associated with AD risk, while one less common
haplotype (H5) was associated with protection (Kamboh et
al., 2006). Other authors point at the lack of association
between ubiquilin gene variability and risk of the sporadic
AD (Smemo et al., 2006; Slifer et al., 2006).
3.4. Tau protein gene
Tau protein gene mutations are involved in the frontotemporal dementia and Parkinson's disease linked to
chromosome 17 (FTDP 17). However, the role of tau protein
gene polymorphism in AD remains unidentified.
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Microtubule associated protein tau (MAPT) gene. The
main role of tau is to regulate the stabilization of
microtubules that are determinants of the cellular
morphology and serve as a track for microtubule based
transport mechanisms. Significant relation between tau H1c
haplotype and risk of AD was reported (Myers et al., 2005).
However, Mukherjee et al. (2007) did not confirm relation
of H1c to the sporadic AD. Bullido et al. (2000) showed
that G allele of tau gene (in biallelic polymorphism at
position +34 of intron 11) in carriers of APOE ε4 allele
increased risk of AD fivefold. Nevertheless, other studies
showed no association between tau H1/H2 haplotypes and
AD risk (Baker et al., 2000; Russ et al., 2001).
3.5. Inflammatory factors
Human leukocyte antigen (HLA) genes. Major histocompatibility complex (MHC) is a cluster of genes on
a single chromosome. There are several gene loci and many
alleles for class I and class II MHC proteins. MHC proteins
are surface receptors with the primary function to present
antigens and elicit immune response through T-cells. Many
of the genetic variants of MHC II genes (HLA-DR) were
identified as the risk factors in diseases such as diabetes and
rheumatoid arthritis. Ballerini et al. (1999) reported that
HLA A2 and ε4 alleles in Italian population may have
additive effects on AD onset and that A2 (variant of a Class
I MHC antigen-binding transmembrane protein) may play
an important role in determining or contributing to a very
early age at onset. However, Small et al. (1999) found no
association between A2 allele and AD. Other study found
relationship of A2 allele to increased risk of AD in Scottish
population, but not to the onset age (Harris et al., 2000).
HLA B27 allele is related to the increased risk of AD
especially for homozygotes (Lehmann et al., 2006). Curran
et al. (1997) found increased risk of AD in patients with
DR1, DR2 and DR3 antigens (MHC II). DR4 and DR6
antigens were associated with decreased risk.
Interleukin 1A (IL-1A) gene. IL-1 is a pluripotent cytokine
overexpressed by microglial cells within affected cerebral
cortical regions of the AD brain and may contribute to
reorganisation of cytoskeleton, synaptic loss, tau phosphorylation and neurofibrillar pathology (Li et al., 2003).
Grimaldi et al. (2000) found strong association between the
IL-1A –889T/T genotype and earlier time of AD onset. C/C
genotype carriers showed onset of the disease 9 years later.
Other studies found no relationship between IL-1A
variability and AD risk (Prince et al., 2001; Fidani et al.
2002).
Interleukin 6 (IL-6) gene. Cytokine IL-6 mediates cell
growth, differentiation and neuronal degeneration. An elevated
level of IL-6 was detected in brain homogenates and peripheral
blood of AD patients suggesting its role in AD pathogenesis.
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The –174 C allele in the promoter region of IL-6 gene was
over-represented in AD patients compared to the controls and
significantly increased the risk of AD. Moreover, the –174 C/C
genotype was associated with a high risk of the disease in
women (Licastro et al., 2003). However, van Oijen et al. (2006)
in the Rotterdam study found no relationship between IL-6
–174 G/C polymorphism and AD risk.
Interleukin 10 (IL-10) gene. IL-10 produced mainly by
monocytes is an anti-inflammatory cytokine. IL-10 is overexpressed in AD patients suggesting its protective role
against neuron damage (Lio et al., 2006b). Positive
association between the –819 T/C and –1082 G/A polymorphism and AD risk associated with a low production of
anti-inflammatory cytokine IL-10 has been considered as
an additive and independent genetic risk factor for AD
(Arosio et al., 2004; Bagnoli et al., 2007).
Transforming growth factor beta (TGFß) gene. TGFß is
a multifunctional cytokine that controls cell cycle,
differentiation, apoptosis and other functions in many cell
types. Dysfunction of TGFß signaling was observed in AD.
Study performed by Luedecking et al. (2000) suggested that
–509 C/T polymorphism of TGFß1 may be modestly
associated with the risk of AD. This finding was supported
by Dickson et al. (2005), whereas other studies showed no
involvement of TGFß polymorphisms in the development
of AD (van Oijen et al., 2006; Araria-Goumidi et al., 2002).
Tumor necrosis factor alpha (TNFα) gene. TNFα is
a cytokine involved in the regulation of a wide spectrum of
biological processes including inflammation, cell proliferation, differentiation, apoptosis, and lipid metabolism.
TNFα is believed to trigger a programmed cell death in the
periphery (Venters et al., 2000), while within CNS it may
have neuroprotective effect (Ferenčík et al., 2001). In the
brain TNFα may mediate synaptic scaling in response to
a prolonged blockade of activity (Stellwagen and Malenka,
2006). Increased levels of TNFα in AD patients may
represent compensatory mechanism of the brain against
a progressive synaptic loss. The levels of this cytokine did
not differ significantly in AD patients displaying different
alleles of the TNF gene (Tarkowski et al., 2000). Author
suggests that the increased production of TNFα in AD
patients is preferentially controlled by an environmental
stimulus rather than by a genetic makeup.
Variation in the TNFα promoter region (–863 A allele)
may affect cerebral inflammatory response and the risk of
late-onset AD (Ramos et al., 2006). In contrast, Fung et al.
(2005) did not show significant difference in genotype
distribution in Taiwanese population (TNFα –1031 T/C,
–863 C/A and –857 C/T polymorphisms) between the AD
cases and controls.
However, two independent studies reported that genetic
variation at TNFα (–308 A/G polymorphism) modulates
the AD onset age and carriers of –308 A showed

a significantly lower mean age at onset than non-carriers of
this allele. This difference was more evident, when ApoE
status was taken into account (Alvarez et al., 2002; Lio et
al., 2006a).
3.6. Other possible genetic risk factors
Other investigated genes are involved in different
functional pathways including blood pressure regulation,
neuronal signalling, and plasticity.
Angiontensin I converting enzyme (ACE) gene. This
enzyme catalyzes the conversion of angiotensin I into
a physiologically active angiotensin II and plays a key role in
the regulation of blood pressure. Numerous studies examined
the relationship of ACE gene variability and risk of AD. Several
studies reported a positive association (Kehoe et al., 1999,
2003; Alvarez et al., 1999; Richard et al., 2001), but other
found no relationship between the ACE gene variability and
AD risk (Narain et al., 2000; Seripa et al., 2003).
Brain-derived neurotrophic factor (BDNF) gene. BDNF
promotes the survival of the neuronal populations and
regulates the synaptic transmission and plasticity at adult
synapses in many regions of the CNS. The levels of BDNF
are reduced in the specific brain regions during AD and
BDNF gene polymorphisms have been suggested to
influence AD risk. Positive relationship was found between
the single nucleotide polymorphism C270T and sporadic
AD risk (Kunugi et al., 2001) especially in patients lacking
APOE ε4 allele (Riemenschneider et al., 2002). This finding
was confirmed later by Matsushita et al. (2005) showing
the significant involvement of polymorphisms G196A and
C270T on BDNF gene. In contrast, other studies performed
in different populations showed completely different results
(Desai et al., 2005).
Dynamin-binding protein (DNMBP) gene. This gene is
linked to regulation of the actin cytoskeleton and control of
cell junction formation. Recently, three single nucleotide
polymorphisms on DNMBP gene were found to correlate
with late-onset of AD in Japanese population (Kuwano et
al., 2006). In contrast, the study performed on Caucasian
American population showed no correlation between the
single nucleotide polymorphism of DNMBP gene and AD
risk (Minster et al., 2007).
Nicotinic acetylcholine receptor ß2 subunit (CHRNB2)
gene. The product of this gene is a component of cholinergic
signalling pathway that is directly associated with cognition.
Knock-out mice experiments revealed that CHRNB2
contributed to the complex cognitive functions (Granon et
al., 2003) and played an important role in regulation of
hippocampal neurons proliferation (Harrist et al., 2004). The
cholinergic deficit is one of the most conspicuous AD
symptoms (Levin et al., 2006). A significant association of
a non-coding polymorphism in CHRNB2 and AD was
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observed (Cook et al., 2004), but further examination of
large case-control series are needed.
Estrogen receptor alpha (ESR1) gene. Estrogen nuclear
receptor ESR1 is a DNA-binding transcription factor that
mediates the actions of estrogen. Several studies showed
that different ESR1 polymorphisms might influence the
cognitive function test performance in women (Kravitz et
al., 2006; Olsen et al., 2006). In AD, expression of ESR1 is
increased in nucleus basalis of Meynert neurones, is the
major source of cholinergic innervation in neocortex
(Ishunina and Swaab, 2001). ESR1 polymorphism could
account for the variability observed in an estrogen treatment
outcome. It was confirmed that ESR1 variability modulated
the susceptibility to AD in Asian individuals, but not in
Europeans (Luckhaus and Sand, 2007). ESR polymorphisms
(PvuII and XbaI) interactions with ApoE polymorphism and
plasma ApoE levels were also studied. ESR1 PP and XX
genotypes were associated with an increased risk for AD in
males only and conferred a relevant additional risk of AD
to subjects carrying APOE ε4 allele. Authors suggest that
the involvement of ESR1 polymorphisms in AD onset is
mediated by the regulation of APOE expression. ESR1
polymorphisms are also associated with a faster cognitive
decline in the women AD patients (Corbo et al., 2006).
Prion protein (PRNP) gene. Product of this gene is
a membrane glycosylphosphatidylinositol-anchored
glycoprotein with an unknown function. It has been
suggested that prion protein could play an important role in
adhesion, transmembrane signalling and uptake of
extracellular ligands. Several authors stated that homozygous
MM or VV genotype represented a risk factor for AD
(Golanska et al., 2004; Gacia et al., 2006). However, other
studies (Combarros et al., 2000; Ohkubo et al., 2003; Li et
al., 2005) failed to reveal any relationship between the PRNP
polymorphism and the risk of AD.
Transcription factor A, mitochondrial (TFAM) gene.
TFAM is essential for transcription of mammalian
mitochondrial DNA (mtDNA) and regulation of mtDNA
copy number. Mitochondrial dysfunction may underlay
neurodegeneration in AD and for that reason, several studies
were engaged in the genetic study of TFAM gene
polymorphisms as a risk factor for sporadic AD. Indeed,
some studies described an association between the TFAM
gene variability and risk of AD (Günther et al., 2004; Belin
et al., 2007).
4. Conclusion
Sporadic AD is a multifactorial neurodegenerative
disorder arising from a number of different, but related
biological alterations that contribute to the pathogenesis of
the disease. Several genes involved in the various metabolic
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pathways were presented as the genetic risk factors in AD.
The majority of these genes may influence the vulnerability
of the central nerve system without direct impact on the
primary causes of AD. The genetic risk factors can not be
influenced by a person, but the risk factors related to diet
and life style can be changed before the person becomes
a patient. A set of currently known inter-connected risk
factors (cardiovascular diseases, hypercholesterolemia,
diabetes type 2 and obesity) is sufficient for at least rough
outline of basic program for protection of the brain's health
until senescence and to prevent AD or restrain its impact on
patient, his relatives and society.
Diversity of the AD risk and protective factors shows that
almost any external or metabolic influence disturbing
homeostasis of the neuronal environment and function can
accelerate progress of the long-running neurodegenerative
process or decrease the capacity of the brain to resist the
disease. This relationship allows the proposition that almost
any therapeutic action improving neuronal environment or
function may modify the progression of the disease.
Finally, novel therapeutic approaches seem to be focused
on the personalized treatment with consideration of patient's
genetic features and environmental exposures. Therefore,
the study of the mutual relationship between environmental
stimuli and genetic background may be crucial to achieve
the most effective treatment.
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