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ABSTRACT

Introduction: Alzheimer’s disease is the most common neurodegenerative condition. It is caused by a number
of factors, one of them being a genetic predisposition. Genome-wide association studies identify candidate genes
whose changes could contribute to the development of this disease.

Aim: This literature review summarizes the findings of genome-wide association studies establishing the genetic
predisposition to late-onset Alzheimer’s disease. It aims to compile an overview of candidate genes associated
with this disease for future research.

Methodology: This article is a literature review. It describes important genes associated with late-onset Alzheim-
er’s disease.

Findings: Based on previous experience, the genes APOE, TOMM40, CD36, CLU, CHAT, IDE and TNK1 were
selected. They are the most suitable candidates for future targeted genetic testing of the Czech population.
Conclusions: The article presents a list of genes associated with late-onset Alzheimer’s disease. Future research

in this area can significantly enhance the prediction and subsequent prevention of this serious disease.
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LITERATURE OVERVIEW QUESTION

Genetic predisposition is a significant risk for
Alzheimer’s disease, which is the most common form
of dementia. As the number of dementia patients con-
tinues to increase sharply around the world, much
more research in this area needs to be conducted. Ge-
netic factors play a key role in early diagnosis and ap-
plication of the principles of prevention.

BACKGROUND

Alzheimer’s disease (AD), which is the most com-
mon form of dementia, causes a gradual decline in
cognitive functions, including memory, thinking,
and planning. The disease is divided into early-on-
set AD and late-onset AD based on the age at which
AD is diagnosed. Early-onset AD typically starts
prior to the age of 65, and family history of the con-

PROFESE o

dition is an important factor. A far more common is
late-onset AD, which does not correlate with famil-
ial aggregation. This may be, however, due to a lack
of information about the family history of the dis-
ease in older people. Given that the genetic risk for
late-onset AD is comparable to risks observed, for
example, in Parkinson’s disease or schizophrenia,
genetic predisposition is bound to also play a role
here. Genome-wide association studies (GWAS)
have sought for many years to identify genes which
contribute to the increased risk of AD (1). Although
GWAS have discovered many single nucleotide
polymorphisms (SNPs) in genes, the number of
studies summarizing findings about patients with
late-onset ACH is low (2). This article reviews the
results this method has produced within the Czech
population.
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DESCRIPTION OF THE RESEARCH STRATEGY
Data for this literature review were drawn from the
latest professional publications and studies on genetic
research, including studies the authors have partici-
pated in.

LITERATURE OVERVIEW

APOE

Apolipoprotein E (ApoE) is central to lipid metabo-
lism and is often associated with neurodegenerative
diseases such as AD. The protein serves mainly as a li-
pid transporter among various cells and tissues (3).
It consists mainly of astrocytes in the central nerv-
ous system (5). With regard to AD, carrying the &4
allele of the ApoE gene is a major genetic risk factor
for late-onset AD (4). There are three main alleles of
the ApoE gene, where ApoE-¢e3 is considered a com-
mon allele, while the remaining alleles ApoE-¢2 and
ApoE-e4 have amino acid substitutions at positions
112 and 158 in the protein chain (3). Special attention
is paid to ApoE-¢4 in connection with neurodegen-
erative diseases (3). Mouse models have showed that
ApoE-¢4 has a specific impact on the integrity of he-
matoencephalic barrier (6). In addition, animal stud-
ies and human studies demonstrate that brain APlev-
els and the amyloid plaque load depend on ApoE in
the sense that ApoE-&4 is less effective in AP removal
compared to the other alleles (7). Epidemiologic and
genetic studies document that carriers of ApoE- ¢4 are
twice to three times more likely to develop AD (8,7,5).
In addition, people with two copies of this allele are
up to twelve times more likely to develop AD (8). The
ApoE-¢2 allele, in contrast, tends to have protective
effects (8,7,5). It is also suggested that the impact of
the ApoE-¢4 allele is stronger in women compared to
men (9). Furthermore, another association between
ApoE-e4 and AD has been established. Carriers of the
ApoE-¢4 allele are usually diagnosed with the disease
at a younger age (5). A study examining ApoE levels
in cerebrospinal fluid did not, however, find any as-
sociation with cognition, and patients with AD did
not differ from healthy controls. An interesting find-
ing was that the carriers of ApoE-¢4 had significantly
lower plasma levels of ApoE, which could be due to
a specific decrease in the concentration of the ApoE-¢4
isoform (4). In addition, research using a large sample
of patients from China with AD demonstrated that
ApoE can be a strong predictor of conversion from
mild cognitive impairment (MCI) to AD (10). In line
with previous studies it was suggested that the risk of
conversion from MCI to AD is greater among female
carriers of the ApoE-¢4 allele (11). The results indi-
cate that a greater understanding of the interactions
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between ApoE and gender could provide new insights
into its role in the pathogenesis of AD (12).

TOMMA40

The TOMMA40 gene is another candidate gene studied
in connection with AD (13). The ApoE and TOMM40
genes, in addition, are in linkage disequilibrium (14),
which is why a synergistic effect is also considered
(15). TOMMA40 encodes a protein which is a part of
the translocase of the outer mitochondrial membrane
(Tomm). It is a subunit which forms the channel of the
Tom complex and imports protein precursors into mi-
tochondria. AP peptides are thought to interfere with
mitochondrial proteins during the import and thus
disrupt mitochondrial function, which contributes to
the observed pathology of AD (16). GWAS was used
to identify several SNPs which are significantly asso-
ciated with an increased risk of AD. A meta-analysis
has confirmed that the rs2075650 polymorphism is
associated with AD across different populations (13).
The SNPs rs157580 and rs11556505 in the TOMM40
gene have also been linked to AD (17). Furthermore,
research on the expression of TOMM40 in blood has
concluded that the expression of this gene is lower
among patients with AD compared to subjects of the
same age without AD (18). Some studies have also ob-
served that TOMM40 may affect AD onset age (14).
For example a study on the rs10524523 polymor-
phism, which is a polymorphic poly-T variant in the
TOMM40 gene, has found that the carriers of ApoE-¢3
and multiple poly-T repeats, develop AD 7 years ear-
lier on average compared to carriers of the same ApoE
allele in combination with short poly-T repeats (15).
However, a follow-up study, aimed to confirm the re-
sults did not reach the same conclusion. Although an
association between the carriers of ApoE-¢3 was ob-
served, it was contrary to the previous study. Further-
more, no association was established with the expres-
sion of TOMMA40, ApoE or the levels of AP and tau
protein in cerebrospinal fluid (19). Further research
into the relationship between TOMMA40, ApoE, and
the risk of AD is needed.

CD36

The CD36 gene encodes a membrane glycoprotein
which plays a role in fat taste perception, glycolipid
metabolism, and contributes to the development of
atherosclerosis (20). CD36 is also involved in intracel-
lular signalling, immunity, and metabolic processes,
and, based on in vitro studies (21, 22) it is able to bind
AB. In addition, CD36 is thought to cause pro-in-
flammatory reactions common among patients with
AD (23). Furthermore, some SNPs in the CD36 gene
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have been associated with obesity, which in itself con-
tributes to an increased AD risk (24). This was also
confirmed in the Czech population when a link was
discovered between polymorphism in the CD36 gene,
linolenic acid detection, and higher body weight (25).
Another observation is that the A allele in the SNP
rs3211892 in the CD36 gene significantly increases the
risk of AD (26). One of the studies also investigated
the expression of CD36 in the leukocytes of patients
with AD, an MCI group, and control subjects. The re-
sults suggest that CD36 expression was significantly
reduced in patients with AD and MCI compared to
controls. This means that decreased expression of this
gene in leukocytes could serve as a marker to identify
patients at increased risk of these diseases (23).

CLU

The CLU gene encodes clusterin, which is also termed
the apolipoprotein J. The gene is assumed to contrib-
ute to the pathogenesis of AD, and the assumption
is based on strong evidence. Clusterin binds A oli-
gomers and can prevent their fibrilarization. It also
works as a complement inhibitor, thus preventing
the activation of the complement system, which is of-
ten activated in patients with AD. As clusterin is also
a lipoprotein particle, it can affect cholesterol trans-
port, similarly to ApoE. However, it can also function
as a stress-induced chaperone, inhibiting neuronal
apoptosis (27). Based on GWAS, the C allele in the
rs11136000 polymorphism in the CLU gene may con-
tribute to the development of AD. This allele is de-
tected in 88% of the Caucasian population. The white
cortex of young adults with the high-risk C allele was
found to have lower fractional anisotropy. This sup-
ports the view that CLU may cause local vulnerabil-
ity important for the onset of the disease (28). Yet
another study indicates that carrying the high-risk C
allele is associated with faster longitudinal ventricu-
lar expansion in the brain, which is independent of
ApoE genotype or dementia status (29). The effect of
the rs11136000 polymorphism was also verified on the
Chinese population. No statistically significant asso-
ciation was found between patients with AD and the
control group. The study, however, identified a differ-
ent CLU polymorphism rs9331888, whose G minor
allele strongly associated with AD (27). Another study
focused on the relationship between rs9331888 and
AD described their strong association in the Cauca-
sian population. The association was nonetheless not
confirmed in East Asia. (30). This statement was con-
firmed by a meta-analysis (31). The results of another
meta-analysis nevertheless suggest that the rs11136000
polymorphism is associated with AD risk, and the risk
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is consistent both for the Caucasian and the Asian
population (32). Research was also conducted into the
influence of genetic variants in CLU on neuroimaging
markers in healthy controls, patients with MCI and
with AD. The research established a significant associ-
ation for 4 locuses (rs11136000, rs1532278, rs2279590,
rs7982) with AP deposits, and the rs9331888 polymor-
phism correlated with an increase in the deposits (33).
These observations suggest that CLU SNPs contribute
to AD susceptibility (30).

CHAT

Choline acetyltransferase (ChAT), the enzyme re-
sponsible for acetylcholine synthesis, is encoded by
the CHAT gene (34). CHAT expression is typical of
brain cholinergic neurons, and cholinergic signalling
is known to be vital for learning and memory (35). It is
also possible that SNPs in CHAT affect ChAT activity,
and this is the cause of the abnormal behaviour typical
of AD (36). Based on this assumption, a cholinergic
hypothesis was proposed, predicting that cholinomi-
metics could improve cholinergic functions. The as-
sumption, however, was proven to be incorrect (37).
On the other hand, deterioration of cholinergic func-
tion is an integral part of AD, and understanding the
role of CHAT in relation to AD may improve thera-
peutic outcomes. For example, the rs3810950 poly-
morphism in CHAT has been found to be related to
cognitive abilities. Research was carried out among
university students from China, and the results sug-
gest that the A allele of this polymorphism may reduce
ChAT levels in cholinergic neurons, which results in
a cognitive deficit (36). A study of the Czech popu-
lation confirmed that the rs3810950 polymorphism
contributes to an increased risk of AD (38). Research
also demonstrated that the rs3810950 polymorphism
may affect the age of AD onset, as patients with the
AA genotype were diagnosed with AD at a statistically
lower age (39). A meta-analysis validated association
between rs3810950 and AD and identified rs2177369
as another statistically significant polymorphism as-
sociated with this disease. A stratification analysis
also revealed an interaction between the ApoE gen-
otype and polymorphisms in CHAT, which could be
an important risk factor for AD (40). Another study
looked at the relationship between polymorphisms in
CHAT and the structure of the parahipocampus and
hippocampus. It found that SNP rs12246528 was asso-
ciated in a parahipocampal structure, while a smaller
volume, surface area, and thickness of this structure
were observed in the A allele carriers. Hippocampal
volume showed the strongest association for SNP
rs1917814, where the T allele was associated with
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a larger volume. Furthermore, the SNP rs3729496 was
found to correlate with memory range. As this study
has covered the Chinese population only, a similar
analysis across different populations is needed (41).
In summary, the association between CHAT and AD
is supported by multiple investigations, and therefore
the gene is highly likely to play a role in the develop-
ment of AD.

IDE

Genes tested for potential effects on AD development
include the IDE gene, which encodes an insulin de-
grading enzyme (42). This zinc metalloproteinase
cleaves several peptides, such as glucagon, insulin,
B-endorphin, and the intracellular domain of APP
(43). The enzyme is also able to degrade AP in vitro,
which could affect the course of AD (42). This view is
supported by the fact that patients with AD were found
to have reduced levels of this protein and mRNA (44).
It was observed in connection with this finding that an
increased IDE expression generated lower plasma con-
centrations of AP, which lowers AD risk (45). Multi-
ple association studies investigate the relationship be-
tween various IDE SNPs and AD risk across different
populations. For example, in the Chinese population,
this association was found for the SNP rs3781239.
A meta-analysis determined that the SNP rs1832196
was significantly associated with AD, while no associ-
ation was observed for rs3758505 (46). Although an-
other study reported a weak association between AD
and IDE, the association was consistent across samples
from a range of ethnic groups, suggesting that IDE
may be a causal agent for AD (47). Yet, contrary to the
other studies, one study detected elevated levels of in-
sulin degrading enzyme among patients with AD (48).
Further research into whether the insulin degrading
enzyme can provide new insights into AD or contrib-
ute to its treatment is therefore needed (49).

TNK1

The gene encoding non-receptor tyrosine kinase 1 was
associated with AD based on GWAS (50). This gene
was discovered as a tumour suppressor gene, which
plays a role in the intracellular transduction pathway
as well as in TNF-a induced apoptosis. Recent re-
search also suggests that TNK1 promotes the survival
and growth of pancreatic tumour cells (51). However,
signalling pathways regulated by TNK1 continue to be
largely unknown (52). One of the most studied AD-as-
sociated SNPs in TNKI is rs1554948 (50). A study
found that the A allele of rs1554948 was more com-
mon among the elderly without cognitive decline and
its prevalence grew with age, while the prevalence of
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this allele decreased with age in patients with AD (51).
A meta analysis included all available data on SNP
rs1554948 from other studies as well as its own data.
The latter, when analyzed separately, did not show
significant association with AD. Yet, once included in
the meta-analysis, the polymorphism remained statis-
tically significant (53). The fact that TNKI is an in-
tegrated component of the interferon signalling path-
way is of significance in this context. TNKI has been
observed to have a marked effect on liver sensitivity
to hepatitis C virus and also to affect the response to
interferon-based antiviral therapy (52). The ability of
TNKI1 to modulate immune functions may be one of
the ways in which this gene contributes to the progres-
sion of AD (51).

RESULTS

Alzheimer’s disease is a multifactorial condition
caused by a great number of external and internal fac-
tors. Given that no new drug treating AD has been de-
veloped for years, in spite of intensive efforts, research
is now focused mainly on prevention.

APOE, TOMM40, CD36, CLU, CHAT, IDE and
TNKI1 have been found to associate within the Czech
population with an increased risk of AD. These results
could be used to build a panel of genetic tests and the
genetic results to calculate potential risk of late-onset
AD, once incorporating the lifestyle data of the sub-
jects. The data could contribute to preventive meas-
ures, which could delay the onset of AD.

The pathogenesis of AD is an intricate complex of
processes and it cannot be said that the genetic poly-
morphisms under study are the principal cause of AD.
External factors also play a role in the development of
the disease. Frequently reported contributors include
a variety of comorbidities, such as diabetes mellitus
and cardiovascular diseases. Several studies also ex-
amined exposure to chemicals in relation to the devel-
opment of late-onset AD (54, 55). Likewise, lifestyle
factors such as smoking (56), alcohol consumption
(57), and mental and physical activity (58, 59) modu-
late the risk of late-onset AD. If these factors are com-
bined with the knowledge of how said genes are linked
to the possible development of Alzheimer’s disease, it
will be possible to identify patients at increased risk of
late-onset AD and thus contribute to the prevention of
this serious disease.
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