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Abstract

Background: Cholinergic hypothesis of Alzheimer’s disease (AD) is based on the findings that a reduced and/or perturbed
cholinergic activity in the central nervous system correlates with cognitive decline in patients with Alzheimer's disease. The
hypothesis resulted in the development of centrally-acting agents potentiating cholinergic neurotransmission; these drugs,
however, only slowed down the cognitive decline and could not prevent it. Consequently, the perturbation of the central
cholinergic signalling has been accepted as a part of the Alzheimer's aetiology but not necessarily the primary cause of the
disease. In the present study we have focused on the rs3810950 polymorphism of ChAT (choline acetyltransferase) gene
that has not been studied in Czech population before.

Methods: \We carried out an association study to test for a relationship between the rs3810950 polymorphism
and Alzheimer’s disease in a group of 1186 persons; 759 patients with Alzheimer's disease and 427 control
subjects. Furthermore, we performed molecular modelling of the terminal domain (1st-126th amino acid residue) of one
of the ChAT isoforms (M) to visualise in silico whether the rs3810950 polymorphism (A120T) can change any features of
the tertiary structure of the protein which would have a potential to alter its function.

Results: The AA genotype of CHAT was associated with a 1.25 times higher risk of AD (p < 0.002) thus demonstrating
that the rs3810950 polymorphism can have a modest but statistically significant effect on the risk of AD in the Czech
population. Furthermore, the molecular modelling indicated that the polymorphism is likely to be associated with
significant variations in the tertiary structure of the protein molecule which may impact its enzyme activity.

Conclusions: Our findings are consistent with the results of the meta-analytical studies of the relationship between
rs3810950 polymorphism and AD and provide further material evidence for a direct (primary) involvement of
cholinergic mechanisms in the etiopathogenesis of AD, particularly as a factor in cognitive decline and perturbed
conscious awareness commonly observed in patients with AD.
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Background

Alzheimer’s disease (AD) is a neurodegenerative disease
characterised by a gradual but inexorable decline of cogni-
tive functions such as recall and memory. AD may lead to
the loss of language and social skills thus seriously disrupt-
ing the patient’s everyday life and eventually irreversibly
altering his/her personality. Obviously, such condition can
have a significant impact on the patient’s family and
friends as well as imposing a major burden on the society
as a whole. Despite major research efforts an effective cure
for AD remains elusive and the treatment is, at best,
symptomatic (for reviews see: [1, 2]).

Two main neuropathological findings have been corre-
lated with AD; neurofibrillary tangles formed mainly by
abnormally-phosphorylated tau proteins and senile plaques
containing B-amyloid (reviews: [3, 4]). Another characteris-
tic feature of AD is the reduction in the levels of acetylcho-
line (ACh) commonly found in brains of AD patients [5].

ACh was the first identified neurotransmitter (review:
[6]). It is present in human brain in discreet locations
mainly along the neuraxis but also in other locations
which include efferent neurons targeting skeletal muscu-
lature, autonomic ganglia and sensory organs (reviews:
[7, 8]). Brain cholinergic neurons are involved in the
mechanisms of memory and cognition [9] and may be
essential for the conscious awareness and sleep [9, 10].
This has led to the formulation of the cholinergic hy-
pothesis of AD (review: [11]). The hypothesis may have
been specifically prompted by the findings that the de-
generation of cholinergic neurons could be causally
linked to the cognitive decline observed in AD [12]. Sub-
sequent clinical studies have, however, indicated that
cholinergic dysfunction is characteristic of more severe
forms of AD and might not always be detectable during
the initial stages of the disorder even when the cognitive
decline is already progressing [5]. These results would
seem to suggest that the cholinergic deficit may only be
a correlate, or, perhaps, a consequence, of B-amyloid
toxicity and not the main cause of AD [11]. The cholin-
ergic hypothesis of AD in its initial form thus would
seem no longer tenable but it should be recognized that,
at the time, the hypothesis served as a basis for the de-
velopment of therapies such as those using acetylcholin-
esterase inhibitors [5]. These drugs remain in use to this
day; they slow the cognitive decline but fail to halt the
progress towards the dementia stage [13].

The role of gradually worsening cholinergic deficit in
the actual progression of AD [11] is supported by find-
ings that the choline acetyltransferase (ChAT), which is
the key enzyme responsible for catalysing the synthesis
of acetylcholine, is affected within the AD pathogenesis
[14-17]. The patients have significantly decreased ChAT
activity in the cerebral cortex and hippocampus and this
seems to correlate with the severity of the dementia [18].
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The role of deficient ChAT in the development of
AD has been further buttressed by the findings that
B-amyloid oligomers inhibit ChAT activity [19, 20].

In experiments on rats, the activity of ChAT in the
hippocampus has been associated with spatial learning
and memory [21]. The hippocampus is a brain region
that is among the earliest and most affected by aging
processes [22] and the visuospatial deficits are often the
first serious manifestation of AD [23]. Furthermore, it
has been claimed that overexpression of ChAT can im-
prove cognitive functions by increasing acetylcholine
levels in a rat model of Alzheimer’s disease [24].

Most of the above evidence is, however, based either
on a correlation with, or, at best, a possible involvement
of ChAT in the progression of AD. This does not neces-
sarily imply causation. In contrast, if an altered risk of
AD could be put to a genetic variation in a component
of the cholinergic synaptic signalling i.e. be placed well
upstream from the onset of the disease, the theory of a
cholinergic deficit underlying causative mechanism(s) of
AD would acquire more solid basis. ChAT, as the ACh-
synthesising enzyme encoded by CHAT gene, would
seem to be eminently suitable to be examined for such
hypothetical association.

ChAT was discovered in rabbit brain in 1943 (for a re-
view see [6]). The enzyme catalyses the transfer of an
acetyl group from the acetyl-CoA to choline thus creat-
ing ACh. ChAT is synthesized mainly in cholinergic
neurons and, for these reasons, ChAT expression in
neuronal cells has been used as a marker for cholinergic
system during the brain development [25, 26]. ChAT is
also expressed in various types of non-neuronal cells
such as muscle, immune, epithelial or endothelial cells
[26]. Human CHAT gene is located at the chromosome
position 10q11.23 and it contains several single nucleo-
tide polymorphisms (SNP). It is the only gene encoding
ChAT (EC 2.3.1.6). The first intron of the gene also car-
ries a sequence encoding the vesicular acetylcholine
transporter (VAChT, SLC18A3) [27].

Alternative splicing can produce several mRNA tran-
scripts resulting in the occurrence of distinct splice variants
of ChAT [28]. In humans, five splice variants, referred to as
M, S, R, N1 and N2 isoforms of ChAT, have been reported.
Isoforms N1 and N2 are spliced in different ways but they
retain the same amino acid sequences as those in R isoform
[29]. R, N1 and N2 isoforms of ChAT have molecular
masses around 70 kDa and S isoform about 74 kDa. M iso-
form has a molecular mass about 83 kDa [29] that is
caused by a 118-amino acids residue that is present only in
M isoform [7, 30, 31]. M isoform is typical for primates
and humans and is localized mainly in the nuclei of the
cholinergic neurons whereas the 70 kDa variants are lo-
cated in the cytoplasm [28, 30]. The differences in the sub-
cellular distributions of the ChAT isoforms may reflect



Halova et al. Journal of Biomedical Science (2018) 25:41

their roles in specific mechanisms operating in the cholin-
ergic neurons. Moreover, there is a correlation with age
and the presence and/or progression of neurodegenerative
diseases such as AD. Gill et al. [30] reported that 83-kDa
isoform of ChAT in young humans was localized mainly in
neuronal nuclei while in older people it was also present in
the perikaryal cytoplasm of the cholinergic neurons.
Winick-Ng et al. [19] investigated the impact of acute
exposure to oligomeric AP on a nuclear distribution of
83-kDa isoform of ChAT and they concluded that M iso-
form can influence epigenetic response in Ap-exposed hu-
man neural cells. It would appear that the loss of the
epigenetic response could contribute to the onset and pro-
gression of MCI and/or its transition to AD [10].

There are many DNA polymorphisms in the CHAT
gene. One of the most discussed AD-related polymorph-
ism of the CHAT gene has been the rs3810950 poly-
morphism and its putative relationship with AD [32, 33].
The missense transition of G— A in rs3810950 poly-
morphism results in a change of alanine to threonine
[32] in the amino acid sequence. The position of the
amino acid change in the isoforms M, S and R is shown
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in Fig. 1. The mutation is present close to the N-
terminal of S (38th amino acid) and R (2nd amino acid)
variants and at a distance of 120 amino acids from the
N-terminal in M variant.

The objective of the present study has been to broaden
and diversify the database by looking for an association
between rs3810950 polymorphism of CHAT gene and
the risk of AD in a group of Central-European patients
and controls originating from the Czech Republic. The
Czech population appears to be typically Caucasian [34],
has been investigated in several genetic-association stud-
ies including those relevant for AD [35-37] but has
never been examined for a possible link between any of
the polymorphisms in ChAT gene and the risk of AD.

Methods

Subjects

We have examined 759 patients with Alzheimer’s disease
and 427 control subjects, all originating from the Czech Re-
public. The two groups were, as far as possible, matched for
age, gender and other characteristics (Table 1). The AD pa-
tients, hospitalized in psychiatric hospitals Jihlava, Kroméfiz,
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Fig. 1 Splicing variants of CHAT gene. ChAT and VAChT (vesicular acetylcholine transporter) proteins are encoded in 18 exons of CHAT gene. There are 5
transcripts for ChAT (N1, N2, R, S and M) produced by alternative splicing. All transcript variants have translation initiation (start) codons for 70-kDA ChAT
protein (isoform 1). The M transcript has an additional start codon for 83-kDa ChAT protein (isoform 2) and the S transcript has one for 74-kDa ChAT
protein (isoform 3) (Misawa et al, 1997; Ohno et al, 2001). R, N1 and N2 transcripts are the basis for the production of same 630 amino acid-long protein
product (70-kDa ChAT) where that 2nd amino acid is changed by rs3810950 polymorphism (marked by down arrow, p.A2T). In the M transcript variant of
ChAT protein the 120th amino acid position is influenced by rs3810950 polymorphism (marked by down arrow, p.A120T) and in case of the S transcript it
is the 38th position (marked by down arrow, p.A38T) that is influenced by rs3810950 polymorphism. White coloured boxes represent exons in the DNA
sequence of the CHAT gene, light grey coloured boxes show untranslated regions and dark grey coloured boxes show translated regions of the mRNA
(according to reference sequences NC_000010.11 and NG_011797.1, NCBI Database). The rs3810950 polymorphism and its position in mRNAs and
proteins are marked by arrow up. The horizontal lines show introns and dotted lines are sequences spliced into mMRNA




Halova et al. Journal of Biomedical Science (2018) 25:41 Page 4 of 9
Table 1 Physical characteristics and medical histories of AD patients and control subjects
Group AD patients Controls

Females (n =589) Males (n=170) Females (n=335) Males (n=92)
Age (Year) 79.7+75 793+75 777 %77 783+96
Body height (cm) 1588+7.3 170.7 £ 87 162+66 174671
Body weight (kg) 623+£119 722+123 725+ 149 81.1£166
BMI 245+47 249+38 274+53 265+5
Smoking 21 (3.6%) 24 (14.1%) 30 (9.0%) 19 (20.7%)
Head injury 27 (4.6%) 16 (94%) 25 (7.5%) 7 (7.6%)
Diabetes mellitus 165 (28.1%) 45 (26.5%) 125 (37.5%) 6 (39.1%)
Hypertension 419 (71.3%) 117 (68.8%) 260 (78.1%) 4 (69.6%)
Stroke 80 (13.6%) 4 (14.1%) 61 (18.3%) 0 (21.7%)
Cardiovascular diseases 263 (44.7%) 5 (44.1%) 143 (42.9%) 2 (45.7%)
Physical activities 216 (36.7%) 9 (58.2%) 200 (60.1%) 81 (88.0%)
CT scan 254 (43.2%) 8 (51.8%) 28 (8.4%) 7 (7.6%)

Sternberk, Opava, Moravsky Beroun and Ostrava, have been
diagnosed according to ICD10 (International Classification
of Diseases, 10th edition). Control subjects were recruited
from various other departments (e.g. traumatology) in re-
gional hospitals in Kroméfiz, Olomouc and in the Faculty
Hospital of Masaryk University in Brno. In the control
group, the presence of dementia was ruled out using the
Mini mental state examination test (MMSE; required mini-
mum score for the control subjects was 24). Informed
consent was gained from all participants or their legal repre-
sentatives and formal approval for the study was granted by
the Ethics Committee of the Faculty of Medicine, University
of Ostrava.

The questionnaires used for both AD patients and con-
trol subjects aimed at identifying potential lifestyle risk
factors such as smoking or the lack of physical activities.
Participants’ weight and height were also recorded as well
as histories of other neurological, cardiovascular and cere-
brovascular diseases including stroke or head injury. For
obvious reasons, much of the information pertaining to
the AD patients had to be sought from hospital records or
by consulting patients’ next of kin and other close relatives
rather than the patients themselves.

Genetic analysis

Genomic DNA was isolated from buccal swab samples
by using automatic instrument ZEPHYRUS Magneto
with modified protocol as specified for BodyFluid DNA/
RNA isolation kit (Elisabeth Pharmacon, Czech Republic).
CHAT genotyping was done by polymerase chain reaction
and restriction fragment length polymorphism analysis
(PCR-RFLP). The fragment of interest containing the
SNP was amplified using 5 -TGCAATGAGACCCC
TATACAC-3’ as forward (left) primer and 5'-TCACT
GCTGGGAGTTTTTGCGG-3" as a reverse (right

mismatch) primer. In the sequence of the reverse
primer, the penultimate base of 3’end (adenine) was
substituted by guanine to create the next cleavage
site. The reaction mixture for the PCR consisted of
1 puL of DNA template (50 ng/pL), the primers were
present at 0.1 nM, together with EliZyme HS FAST
MIX 2x (Elisabeth Pharmacon, Czech Republic), in
the final volume of 20 uL. After initial denaturation
at 95 °C for 3 min, samples were amplified through
50 cycles (95 °C for 10 s, 57 °C for 30 s, 72 °C for
20 s) followed by 5 min at 72 °C; all procedure were
done using Veriti thermal cycler (Applied Biosystems,
USA). The resulting 234 bp PCR product was
digested 30 min at 37 °C by BsuRI FD restricting en-
zyme (Thermo Fisher Scientific, Waltham, MA, USA)
followed by deactivation of the enzyme at 80 °C for
20 min. The digested fragments were subsequently
separated on a 2.5% agarose gel and stained by ethidium
bromide. The obtained fragments corresponded to three
amplicons of 37, 58 and 137 bp for the A allele and to four
fragments of 22, 37, 58 and 117 bp for the G allele. Geno-
typing analysis of ApoE was performed as previously
described in detail [35].

Statistical analyses

The statistical software R (32 R Foundation for Statistical
Computing, 2015 [38]) was used in all statistical ana-
lyses. Statistical significance of the putative association
between the investigated polymorphism and AD was
evaluated by Fisher’s exact test (Table 2). Kruskal-Wallis
test was used to evaluate association between age and
rs3810950 genotypes distribution. The distribution of in-
dividual genotypes versus gender was tested by Fisher’s
exact test.
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Table 2 Association between rs3810950 polymorphism and Alzheimer's disease

Genotype/Allele N Risk RR Odd OR (95% Cl) p

AD Controls

GG 382 229 0.63 - 1.67 - -

GA 303 177 0.63 1 1.71 1.02 (0.8-1.31) 0.8501
AA 73 19 0.79 1.25 384 23 (1.35-391) 0.0015
G 1067 635 0.63 - 1.68 - -

A 449 215 0.68 1.08 2.09 1.24 (1.03-1.5) 0.0251

N number of subjects, OR odds ratio, CI confidence interval

Molecular modelling

The N-terminal domains (1st-126th residue) of the M iso-
form of ChAT non-mutant protein and mutant A120T of
the same isoform were prepared using ab initio modelling
Robetta server (http://robetta.bakerlab.org/) and hom-
ology modelling software MODELLER [39]. Search for
hydrogen bond network was done via VMD [40], Schro-
dinger Maestro software (Schrodinger, L. Biologics Suite
2017-1) and PyMOL (The PyMOL Molecular Graphics
System, Version 2.0 Schrodinger, LLC.) as well as the
visualization device.

Results

We have found statistically significant association between
the risk of AD and the polymorphism rs3810950; the sub-
jects with AA genotype had 1.25 times higher risk of AD
than subjects with GA or GG genotype (p < 0.002, Table 2).

Additionally, we have found a statistically significant associ-
ation between AD and the genotype combining certain
ApoE haplotypes with particular alleles in the rs3810950
polymorphism (Table 3). Among such significant as-
sociations, the ApoE haplotype E3E3 combined with
the rs3810950 genotype AA and the ApoE haplotype
E3E4 combined with the rs3810950 genotype GG dis-
played the greatest risk of AD with risk ratios (RR)
1.54 (p=0.001) and 1.52 (P <0.0001), resp. (Table 3).

There was no significant age bias in the frequency of
genotypes, either in the AD patient group (p =0.50) or
in the controls (p =0.59). Nor was there any statistically
significant association between rs3810950 genotypes and
the gender, whether in AD patients or in control sub-
jects (p =0.20 and 0.86, resp.).

In order to gain a more in-depth view of the effects
imparted by rs3810950 polymorphism on the ChAT pro-
tein, we have used in silico approach and constructed

Table 3 Association between ApoE polymorphism, rs3810950 polymorphism and Alzheimer's disease

ApoE/rs3810950 N Risk RR Odd OR (95% Cl) p
AD Controls

E3/E3 GG 182 157 0.54 - 1.16 - -
E3/E3 GA 141 99 0.59 1.09 142 1.22 (0.87-1.7) 0.2354
E3/E3 AA 29 6 0.83 1.54 4.83 6 (1.68-10.28) 0.0010
E3/E4 GG 132 29 0.82 1.52 4.55 392 (249-6.18) < 0.0001
E3/E4 GA 118 47 0.72 133 251 6 (1.45-3.22) 0.0002
E3/E4 AA 23 7 0.77 143 3.29 2.84 (1.19-6.8) 0.0202
E4/E4 GG 16 6 0.73 1.35 267 2.3 (0.88-6.02) 0.1202
E4/E4 GA 10 2 0.83 1.54 5 1(0.93-19.97) 0.0726
E4/E4 AA 7 1 0.88 1.63 7 6.03 (0.73-49.55) 0.0759
E2/E2 GG 3 1 0.75 1.39 3 2.59 (0.27-25.15) 06275
E2/E3 GG 26 29 047 0.87 09 0.78 (0.44-1.38) 0.3865
E2/E3 GA 16 23 041 0.76 0.7 06 (031-1.18) 0.1752
E2/E3 AA 9 5 0.64 1.19 1.8 1.55 (0.51-4.72) 0.5865
E2/E4 GG 20 6 0.77 143 333 287 (1.12-7.32) 0.0242
E2/E4 GA 13 4 0.76 141 325 2.8 (0.89-8.76) 0.0814
E1/E2 GG 2 1 0.67 1.24 2 1.72 (0.15-19.15) 1
E1/E4 GG 1 0 1 1.85 Inf Inf 1

N number of subjects, OR odds ratio, CI confidence interval
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structural models of N-terminal domain (1st-126th resi-
due) for the increased AD risk-carrying variant A120T
and compared it to the structure of other variants. The
N-terminal domain of A120T variant appears to be more
compact whereas the other variants seem to be less
folded suggesting significant changes in the flexibility in
the coiled regions (Fig. 2).

Discussion

Several recent reports, reviews and data analyses have
suggested, that rs3810950 polymorphism of the CHAT
gene could be associated with an increased risk of AD
[17, 32, 41, 42]. While some data failed to demonstrate
the association [3, 43] other studies supported it [32, 44].
In a Chinese population sample [41] the patients with AD
carrying A allele of the rs3810950 polymorphism of CHAT
gene had a significantly earlier onset of the disease than
the patients with G allele (76.4 + 7.4 vs. 79.2 + 8.3 years).
Another study [42] reported an association between AD
and rs3810950 in a group of Korean patients; the results
indicated that GA and GA/AA genotypes could be associ-
ated with a greater risk of AD in non-ApoE-e4 allele
carriers. The magnitude of the extra risk associated with
the genotypes was appreciable (OR equalled 1.639 and 1.
630 for GA and GA/AA genotypes, respectively). Oztiirk
et al. [17] reported a significant association between
rs3810950 polymorphism and MMSE scores; comparison
of AA homozygous versus AG + GG genotypes produced
a strong association, particularly if the data included early
onset cases.

Results of a recent meta-analysis [32] have indicated
that in three of the five examined genetic models of the
rs3810950 polymorphism the subjects with the AA
genotype could have a much greater risk of AD than the
subjects with the genotypes AG and GG. Another recent
meta-analysis [33] revealed significant associations of
rs3810950 polymorphism and AD risk both in the over-
all analysis (GA vs. AA and GG + GA vs. AA) as well as
in a specifically ethnically Asian group (GA vs. AA and
GG + GA vs. AA).
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Thus, while the meta-analyses, overall, favour, the as-
sociation, neither the design of the individual studies nor
their outcomes present a uniform picture which could
yield a consistent and large enough set of data conducive
to drawing (a) straightforward conclusion(s).

The present results, i.e. the 1.25-fold increase in the
risk of AD for the AA genotype, offer a somewhat sim-
pler picture and are in a remarkable accord with those
of two other studies. Mubumbila et al. [45] reported that
the AA genotype increased the risk of AD with OR =3.
92 and determined odds ratio of 3.7 (3.8 in the present
study) for the association between AD and AA genotype.
Moreover, this is similar to the results obtained by Lee
et al. [46] who reported that the AA genotype increased
the risk of AD with OR =3.92.

In addition, we have noted an increased risk of AD in
subjects who had certain combinations of ApoE haplo-
types (E3/E3, E3/E4 and E2/E4) and rs3810950 genotypes
(cf. Table 3). Most of these relationships are based on
modest numbers of patients and controls, though, and
may need to be further investigated and verified in much
larger studies before any more definite conclusions as to a
possible synergy of certain ChAT and ApoE genetic varia-
tions in increasing the risk of AD can be drawn.

The central question of the present discussion is —
how could a single amino acid change in ChAT mol-
ecule associated with the rs3810950 polymorphism re-
sult in an increased risk of AD? Our in silico studies
provide a possible clue. Dynamics and flexibility of the
helical regions in the M isoform of ChAT molecule
could be critical for protein-protein interactions [47].
More folded and shorter coil regions together with the
presence of possible additional hydrogen bond (Fig. 3)
between Thr120 and Metl19 in the variant A120T
might, therefore, contribute to the putatively lower en-
zyme activity even if the affected amino acid sequence
does not reside within, or, in the vicinity of, the active
site of the enzyme [48]. It has been argued that a muta-
tion in CHAT gene located at some distance from the se-
quence of the active site (Vall36Met) has a potential to

non-mutant

O

Ala120

F Y

Fig. 2 Structural models of N-terminal domain of the non-mutant (right) and A120T mutant (left) ChAT protein

N

A120T mutant
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Fig. 3 Possible hydrogen bonding between Met119 and Thr120 in
A120T mutant with the dotted line corresponding to the distance
in dngstroms

\

influence the binding of acetyl-CoA and lead to a lower
ChAT enzyme activity in addition to having an adverse
effect on the enzyme stability thus possibly accounting
for the severely reduced expression of ChAT in the af-
fected individual [49]. Such allosteric effects may also
exist in the case of rs3810950 but, to our knowledge,
they have not yet been investigated. It may be tempting
to speculate on how the variation A120T could induce
changes in the amount and position of coiled structures
in the neighbouring region (N-terminal of the M splice
variant) and whether this could affect interactions with
cell organelles and/or with other proteins. Additional
experiments and more extensive computational studies
need to be done to further clarify the role of the A120T
change on the ChAT structure before we can adequately
understand its impacts on the risk of AD in humans.

Potential limitation of the present study is the presence
of multiple ChAT variants in humans and the paucity of
the information on their functions (but see [50]), locations
and distributions (review: [7]). The current GenBank data-
base lists seven transcript/splice variants of CHAT gene.
Their expression and distribution in the human brain tis-
sue has not been adequately investigated. This makes it
difficult to translate the present findings into more precise
structural and functional deficits of specific forms of
ChAT which could then be positively linked, taking into
account their regional distribution, to AD etiopathogen-
esis at more intimate, i.e. molecular and cellular level (as
has been done e.g. using ChAT molecular modelling in
the congenital myastenic syndrome; [51-53)]).

Conclusions

The results of the present study are in line with a grow-
ing opinion that ChAT activity is closely linked to AD
and can be affected by polymorphisms in CHAT gene.
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The findings suggest that the rs3810950 polymorphism
of CHAT gene might represent an appreciable risk factor
for AD thus providing further support for a causal role
of the cholinergic system in the pathogenesis of AD [54].
Significantly, in silico studies pointed to distinct structural
characteristics of the ChAT protein which could form a
molecular basis for the putative ChAT activity changes as-
sociated with the rs3810950 polymorphism and provide
directions for future research. Therefore, some 30+ years
after the initial formulation of the cholinergic hypothesis
of AD, it may be a good time to revisit the hypothesis [5]
and hope that it will again contribute to a better under-
standing of neurodegenerative diseases and help in the
development of novel treatments [11].
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