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Abstract

pathogenicity.

pathogenicity of disease.

Objective: This study was conducted to accomplish a better insight into the impact of single nucleotide polymor-
phisms (SNPs) of nicotinic acetylcholine receptors (nNAChR) at the risk of Alzheimer’s disease (AD) and their possible

Methods: We carried out a systemic review of accessible studies. The case—control studies were assessed by an elec-
tronic search of international and local databases to identify relevant studies on SNPs relating to nAChR genes in AD.
Two reviewers evaluated the inclusion/exclusion criteria, summarized, and analyzed the extracted data. We used odds
ratios (ORs) with 95% confidence intervals (Cls) for reporting our data. Online databases were checked for possible
pathogenicity of statistically significant SNPs. Also, online databases, including NCBI, NIH, ClinVar, RegulomeDB, and
Ensemble, were used to analyze and identify structure and function, DNA features, and flank sequencing in SNPs.

Results: Among all collected SNPs, rs4779978 and rs1827294 on CHRNAY, rs1044394 on CHRNA4, and rs1127314 on
CHRNB2 showed statistically significant between AD cases and controls.

Conclusions: Some SNPs from the reviewed reports show evidence supporting their possible involvement in AD
pathology. However, more comprehensive studies are necessary to identify the exact correlation and their role on the
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Introduction

The most common form of dementia is Alzheimer’s dis-
ease (AD), which is pathologically characterized by the
loss of extensive neuronal cells, especially in the neocor-
tex and hippocampus, and the accumulation of senile
plaques, synaptic loss, oxidative stress, and inflammation
[1-3]. A selective reduction of cholinergic neurotrans-
mission resulting from the loss of cholinergic neurons
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and nicotinic acetylcholine receptors (nAChR) represents
the critical neurochemical changes during AD [4].

The neuronal nAChR is a family of ligand-gated cati-
onic channels found throughout the central nervous
system (CNS), involved in many diseases, including
AD, schizophrenia, and Parkinson’s disease [5, 6]. These
receptors are pentameric structures formed from a com-
bination of 12 potential subunits (a,-a;, and S,—5,) to
produce many ranges of subtypes, each of them fulfill-
ing different functions [7-9]. There are only 11 nAChR
subunits in the human CNS (ag nAChR is absent from
mammalian genomes) [10]. a; nAChRs are made of five
a, subunits and encoded by the CHRNA7 gene [11]. They
are expressed throughout the CNS with high levels in
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the regions related to memory functions and involved in
the processing of sensory information, such as the hip-
pocampus [5].

It has been displayed that beta-amyloid (AP) and a,
nAChR interaction change Ca®* homeostasis and acetyl-
choline release, thereby modulating neuronal physiologi-
cal functions implicated in memory processes. Chronic
inhibition of cholinergic signaling by AB contributes to
the cognitive deficits associated with AD [4]. Reports
have described decreases in a; nAChR expression in the
hippocampus and temporal cortex of the AD brain [12].
Decreased levels of a, and 8, nAChR subunits have also
been observed in the aged and AD brains [6].

Single nucleotide polymorphisms (SNPs) usually occur
within a wild-type DNA sequence [1] and may be asso-
ciated with essential signals of the presence and severity
of an illness. Specific SNPs in genes can detect various
diseases, including metabolic disorders, childhood leuke-
mia, and neurodegenerative diseases [13—15]. Moreover,
several online bioinformatics databases evaluate the role
of SNPs related to selective genes in AD disease. In the
same vein, studies have used a series of bioinformatics
methods to identify key genes and potential mechanisms
related to AD [16, 17].

In the CNS, a,83, and a; receptors are the most abun-
dant nAChRs, directly correlated with AD patho-
physiology. To identify the possible associations of
polymorphisms of CHRNA7, CHRNA4, and CHRNB2
genes with AD and recognize their possible pathogenic-
ity, we performed a systematic review on available litera-
ture and analysis in the related databases.

Methods

Search strategy

The electronic databases, including PubMed, Scopus,
and Google Scholar, were searched. These keywords
were used to identify all case—control studies on muta-
tions related to nAChR genes in AD: (Alzheimer’s disease
OR Alzheimer OR AD) AND (nicotinic acetylcholine
receptor OR nAChR) AND (SNP OR single nucleo-
tide polymorphism) AND (CHRNA7 OR CHRNB2 OR
CHRNAA4). Also, we searched www.alzgene.org to con-
firm and double-check our findings. The search was
restricted to English language but not a year.

Inclusion and exclusion criteria

We included all case—control studies which evaluated
CHRNA7, CHRNB2, and CHRNA4-related SNPs in AD
patients. All acquired papers from the mentioned data-
bases were imported into Endnote X8 software, and
duplicates were removed. Two investigators indepen-
dently screened the title and abstract to delete irrelevant
articles to our objective. Disputes among selected studies
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between reviewers were resolved by discussion or by a
senior researcher’s comments. The primary outcome for
this study was the identification of SNPs, and the sec-
ondary outcome was the differences of identified SNPs
between case and control groups. The exclusion criteria
for studies were defined as follows: (I) duplicate, review,
conference, and irrelevant papers; (II) studies of familial
AD, early-onset AD, and mild cognitive impairment; (III)
animal or cell line studies, and (IV) irrelevant studies to
nAChR genes.

Data extraction

The raw data were obtained from each publication. Two
independent authors recorded the extracted data in spe-
cific forms. The following information was extracted:
author, publication date, number of cases or controls,
sex, SNP, genotype, or allele mutation.

From the National Center for Biotechnology Informa-
tion (NCBI) dbSNP database, we extracted the comple-
mentary information of SNPs, including ID, position, and
clinical significance.

Methodological quality of studies

The JBI criteria appraisal checklist assessed selected
articles for case—control studies, and their results were
reported as a percentage based on evaluating the ques-
tions according to JBI criteria.

Statistics

The strength of association between identified SNPs and
AD was measured by odds ratios (ORs) with 95% confi-
dence intervals (CIs). Results for reported SNPs were not
subjected to the meta-analysis due to the lack of suffi-
cient data. However, OR, CI, and p-value for each study
were calculated with MedCalc software (Version 19.1,
Belgium).

Database analysis

We also used online databases and webservers to deter-
mine the function and structure of all selected SNPs on
the selective genes. The SNPs collected from the litera-
ture were examined in more details through the National
Center for Biotechnology Information (NCBI) (https://
www.ncbi.nlm.nih.gov), National library of medicine
(NIH) (https://pubmed.ncbi.nlm.nih.gov), and Regu-
lomeDB (https://regulomedb.org). Furthermore, ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar) helps to analyze
human genetic variations along with annotation of vari-
ant disease associations. We extracted all information
about SNPs, including mutated alleles, chromosomes,
genes, functional consequences, mutation locations,
and frequencies related to the pathogenic and non-
pathogenic mutant alleles. Also, in the Ensemble site
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(http://www.ensembl.org/index.html), we evaluated the
sequences of the selected genes.

Results

General study characteristics

We collected 2090 articles from the above databases, and
6 articles were identified by reviewing the references. Of
these, 1881 articles (77%) were deleted based on title and
abstract, and 215 (50%) remained. In the next step, 187
articles were eliminated due to irrelevant full text. The
full text of the remaining 28 (30%) articles were screened
accurately, and 16 articles were removed because the
SNPs on the selective gene were not reported. Finally,
12 articles (15%) matched our inclusion criteria, and
related SNP to nAChR genes remained for future reviews
(Fig. 1). In the screened papers, 60, 30, and 10% of studies
were focused on a, a, and §, respectively.
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Study quality

The JBI criteria appraisal checklist for case—control stud-
ies was used to evaluate the quality of the studies. This
checklist includes ten questions and evaluates the articles
through the following items: criteria for data collection,
inclusion criteria, matching between case—control, cri-
teria for case—control selection, how to evaluate studies,
how to deal with confounding factors, exclusion criteria,
output evaluation time, and statistical analysis methods.
The options used in this checklist were Yes, No, Unclear,
and not applicable. The quality assessment showed that
the JBI criteria appraisal checklist for the case—control
score of each study was not less than 65%. Among them,
there were 8 papers categorized above 90%. The basic
specifications and methodological quality of the included
studies are shown in Fig. 2.
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Fig. 1 PRISMA flowchart and algorithm for included studies
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Fig. 2 Evaluation of the selected articles via the JBI criteria appraisal
checklist. All studies with a high quality of 65-100% were reported.
JBI: Joanna Briggs Institute

Significant SNPs

According to the results, frequency of rs4779978 and
rs1827294 SNPs on CHRNA7 gene were statistically
different between cases and controls, [OR]=0.59,
95% CI=(0.39-0.90), p=0.016 and [OR]=1.70, 95%
CI=(1.15-2.53), p=0.008, respectively. We also stud-
ied CHRNA4 SNPs connection with the risk of AD.
rs1044394 showed statistically significant [OR]=4.35,
95% CI=(2.07-9.14), p=0.000 for genotype C/C and
[OR]=0.28, 95% CI=(0.12-0.65), p=0.003 for genotype
C/T. On CHRNB2 gene, the rs1127314 SNP showed the
significant difference in frequency between cases and
controls, [OR]=0.70, 95% CI=(0.50-0.98), p=0.043.
Besides, no approved clinical evidence was reported to
identify whether these SNPs have drastic roles in the
prevalence or the pathogenicity of AD. Table 1 illustrates
the detailed features of the included studies.

Database analysis outcomes

The study consisted of 2 intronic SNPs regions on the
CHRNA?7 gene, one SNP within missense non-coding
transcript variant synonymous reign on the CHRNA4
gene and one SNP within the 3 untranslated reigns on the
CHRNB?2 gene.

In the Ensemble site, we evaluated all the sequences
of selected genes, CHRNA7, CHRNB2, and CHRNA4,
under the record numbers of NM_000746.6,
NM_000744.7, and NM_000748.3, respectively, and find-
ing flanking sequences of SNPs (Table 2).

We used the RegulomeDB to determine regulatory
DNA elements, including regions of DNase hypersensi-
tivity and promoter regions. Three SNPs are categorized
in rank 4 (TF binding + DNase peak) and 1 SNPs in rank
5 (TF binding or DNase peak). The results are shown in
Table 3.
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Discussion

The impaired function of several proteins in CNS seems
to serve a molecular basis of AD [18]. We reviewed the
genetic polymorphisms of the CHRNA4, 7, and CHRNB2
genes, frequently reported in AD pathogenesis. Analysis
of the allelic differences of rs477978 and rs1827294 SNPs
of the CHRNA7 gene has shown a significant difference
between the AD and controls [6]. Carson et al. have
reported that rs1827294 tend to have an association with
the risk of AD [1]. According to the study of Weng et al.,
statistical analysis of the allelic differences of rs1044394
and rs1127314 SNPs of the CHRNA4 and CHRNB2
genes has a significant difference between AD and con-
trol groups [19].

The decreased levels of a, nAChRs in the neocor-
tex of the AD patients may result from the reduction
of neuron numbers in the area [2]. Moreover, previous
studies have shown that genetic polymorphisms of the
CHRNAA4 gene are linked to the pathogenesis of AD [6,
20]. Gelfman et al. employed Transcript-inferred Path-
ogenicity (TraP) score to assess pathogenic non-coding
variants in genic areas. This approach can evaluate
synonymous and intronic variants when searching for
disease risk. The existence of high TraP scores in cases
is probably correlated with disease risk [21]. Another
recent study by Spielmann et al. identified a typical Par-
kinson’s disease-associated risk variant in a non-coding
distal enhancer element, regulating the expression of
a-synuclein [22]. Recently, Jacob et al., for the first time,
reported a deleterious synonymous variant in the final
nucleotide of an exon, which results in exon skipping
[23]. Therefore, it seems that synonymous and intronic
variants may be novel risk factors for neurodegenera-
tive diseases.

The SNPs are normally situated either synonymous or
with intronic or untranslated regions, lacking any obvious
direct functional effect. However, they may affect protein
production at the transcriptional and or translational
levels. Yang et al. reported variants that cause amino-
acid changes, among which rs56210055 (p. A312T) and
rs55633891 (p. A315V) may affect the permeability of
the ion channel or nAChR stability, which can addition-
ally alternate the nAChR function and manipulate down-
stream signaling [24]. Li et al. evaluated whether retained
introns could be translated into proteins or not. They
found that the expression levels of intron-retained tran-
scripts of 12 AD-associated genes were increased due to
the deficiency of splicing machinery in AD cases. Their
findings present an initial attempt to exploit the associa-
tion of intron-retained with AD [25].

We also used the NCBI site to examine the clinical sig-
nificance of the selected SNPs. We found that two SNPs
regions of the CHRNA?7 were an intronic SNP, which may
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Table 2 Extracted SNPs information related to selective genes

SNPs Gene Functional consequence Position Clinical
significance

rs4779978 CHRNA7 Genic upstream transcript variant, intron variant chr15:32128207 (GRCh38.p13) -

rs1827294 CHRNA7 Genic upstream transcript variant, intron variant, upstream transcript variant chr15:32147795 (GRCh38p13) -

rs1044394 CHRNA4 Missense variant, coding sequence variant, synonymous variant, non-coding chr20:63350733 (GRCh38.p13) Benign

transcript variant
rs1127314 CHRNB2 Non-coding transcript variant, genic downstream transcript variant, 3 prime UTR ~ chr1:154583790 (GRCh38.p13) Benign

variant

Table 3 Results of RegulomeDB database for selective genes to find out regulatory DNA elements

Chromosome location dbSNP IDs Rank Score Discretion

chr1:154556265..154556266 rs1127314 4 0.60906 TF binding 4+ DNase peak
chr15:32420407.32420408 rs4779978, rs4779978 5 0.58955 TF binding or DNase peak
chr15:32439995..32439996 rs1827294 4 0.60906 TF binding 4+ DNase peak
chr20:61982084..61982085 rs1044394 4 0.60906 TF binding 4+ DNase peak

affect the expression of a, nAChR via a pre-mRNA splic-
ing mechanism [1, 26], indicating that the rs477978 and
rs1827294 may modulate genetic risk by changing RNA
splicing or stability as well as the subsequent protein pro-
duction [3]. According to synthesized results, there was
one SNP within missense non-coding transcript variant
synonymous reign of the CHRNA4 gene and one SNP
within the 3 untranslated reigns of the CHRNB2 gene.
These SNPs might affect the promoter and hence the
transcription mechanism, cause mismatched folding
of protein, or cause the production of shorter proteins.
Though these SNPs are clinically benign, further exten-
sive in vitro, in vivo, and clinical studies are necessary to
find their exact functions.

Bioinformatics studies have utilized NCBI and NIH
to obtain related information such as genomes, protein
sequences, and structures [27]. Chowdhury et al. have
collected two different gene expression microarray data-
sets of AD from the Gene Expression Omnibus of NCBI
[28]. Mohammed et al. have utilized the RegulomeDB
database to know and predict regulatory DNA elements,
including binding sites of the transcription factors and
promoter regions [29]. In addition to NCBI and NIH,
we used ClinVar to collect the necessary information to
recognize binding sites of transcription factors, promoter
regions, folding protein, and splicing process.

Conclusion

In general, SNPs are crucial for the pathophysiology
of disorders. Our findings revealed a weak correlation
between polymorphisms in dominant neuronal nAChR

genes and the pathogenesis of AD. However, further
studies with complementary and detailed evaluations
should be performed to determine their exact clinical
effects.
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