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Abstract

Objectives: Amnestic mild cognitive impairment (aMCI), a subtype of mild cognitive impairment, is characterized
by memory impairment often accompanied by deficits in executive functioning, particularly in planning. While it is
well established that individuals with aMCI experience planning difficulties, the neural mechanisms underlying these
impairments remain largely unexplored. Understanding the genetic and molecular factors contributing to amyloid-
related cognitive impairment (aMCI) is essential for advancing treatment strategies. This study aimed to investigate
the association between specific gene polymorphisms (NKPD1, APOE, XRCC1, PEMT) and the risk of developing
aMClI, as well as the influence of gender differences on aMCI susceptibility.

Methods: We examined the relationship between gene polymorphisms and aMCI risk in a cohort of 263 individuals
with aMCI and 83 with non-amnestic MCI (naMCI). Polymorphisms in the APOE, XRCC1, NKPDI1, and PEMT
genes were genotyped, and gender differences were analyzed.

Results: Our findings revealed that the CC and CT genotypes of the APOE rs429358 polymorphism were associated
with an increased risk of aMCI. Notably, the €4 allele was more prevalent in the aMCI group (22.5%) compared to
the naMCI group (3.5%). Additionally, three SNPs (rs7946, rs25489, rs28469095) were linked to a higher aMCI risk.
The XRCC1 rs7946 polymorphism, specifically the TC and CC genotypes, was associated with an elevated risk of
age-related macular degeneration among older individuals.

Conclusions: The APOE rs429358 and XRCC1 rs7946 polymorphisms may influence the susceptibility to aMCI in
elderly Korean populations, suggesting a potential genetic basis for aMCI risk. Further research is warranted to explore
these associations and their implications for aMCI treatment.

Introduction

Amnestic mild cognitive impairment (aMCI) is widely regarded as a precursor to Alzheimer's disease (AD), with a
significant proportion of individuals with aMCI progressing to AD dementia. Approximately 10-15% of aMCI
patients develop dementia each year, and within six years, up to 80% of aMCI cases transition to AD dementia [1]
Given that aMCI represents a subtype of mild cognitive impairment (MCI) most strongly associated with AD
progression [2, 3]. Early diagnosis and intervention are critical for improving outcomes in patients at risk of cognitive
decline. Treatment with acetylcholinesterase inhibitors has been shown to potentially slow the progression of aMCI
to AD dementia [4, 5], emphasizing the importance of early detection and therapeutic intervention.

The progression of aMCI can be further understood by categorizing the condition into early and late phases, which
may provide valuable insights into its underlying pathophysiology and prognosis [6, 7]. A range of genetic factors,



including polymorphisms in genes such as PEMT, XRCCI1, APOE, and NKPDI, have been implicated in the
susceptibility to aMCI [8-11]. Understanding the genetic basis of aMCI is crucial for identifying individual risk factors,
improving diagnostic accuracy, and potentially guiding personalized treatment strategies.

The apolipoprotein E (APOE) gene, which encodes a 299-amino acid protein involved in lipid transport in both the
plasma and the central nervous system, plays a significant role in neurodegenerative diseases. APOE is integral to
synaptic plasticity and the regulation of synaptic proteins [12]. Variations in the APOE gene are associated with a
range of neurological conditions, including AD, Parkinson's disease (PD), multiple sclerosis (MS), and depression
[13]. The €4 allele of the APOE gene has been identified as a strong risk factor for early-onset AD and cognitive
decline, while the €2 allele may offer a degree of protection against neurodegenerative disorders [14] [15].

APOE is increasingly recognized as playing a crucial role in the development and progression of aMCI. It influences
lipid homeostasis and inflammatory responses in the brain, and a correlation between cerebrospinal fluid levels of
phosphorylated tau and APOE has been observed in individuals with cognitive impairment [16]. Research suggests
that APOE polymorphisms, particularly the €4 allele, are significantly associated with aMCI susceptibility [17]. This
study focuses on the rs429358 polymorphism in the APOE gene and its influence on aMCl risk in a Korean population.

Recent advances in whole-exome sequencing (WES) technology have enabled detailed characterization of individual
genetic landscapes, facilitating the identification of both common and rare variants that may be associated with disease
risk. WES offers promising opportunities for uncovering the genetic basis of aMCI, providing insights into
pathogenesis and guiding therapeutic interventions. The aim of this study is to identify causal genetic variants
contributing to aMCI susceptibility, using WES data to uncover potential targets for treatment and management.

Materials and Methods

Patient demographics

The discovery dataset comprised 346 participants, including 263 aMCI patients (167 females, 96 males) and 83 healthy
older adults, all of Korean ancestry, recruited from Soon Chun Hyang University Bucheon Hospital, South Korea,
between January 2020 and July 2021. All participants were over 60 years of age (mean age: 74 + 8 years; range: 60—
85 years) and had at least 8 years of education (mean: 14 years, range: 9—18 years).

The aMCI patients met the diagnostic criteria proposed by the Mayo Clinic Alzheimer’s Disease Research Center,
including: (1) subjective memory impairment corroborated by the patient and an informant; (2) objective memory
impairment documented by AVLT-delayed recall scores <1.5 SD below age- and education-adjusted norms (cutoff
<4/12 correct responses for >8 years of education); (3) normal general cognitive functioning with an MMSE score of
<24; (4) a Clinical Dementia Rating (CDR) of 0.5, with at least 0.5 in the memory domain; (5) minimal or no
impairment in activities of daily living; and (6) absence of dementia according to the National Institute of Neurological
and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders Association criteria.

Participants were excluded if they had a history of stroke (HIS score >4), alcoholism, head injury, Parkinson’s disease,
epilepsy, major depression, other neurological or psychiatric conditions, major medical illnesses (e.g., cancer, anemia,
thyroid dysfunction), or severe visual or hearing impairments. All assessments were conducted by a neuropsychiatrist
experienced in structured interviews with both participants and informants.

All participants provided written informed consent for human-derived material research, and the study was approved
by the Institutional Review Board (IRB) of Soon Chun Hyang University Hospital, Bucheon. This study complies
with the ethical standards outlined in the Declaration of Helsinki.



Exome sequencing and bioinformatics Analysis

Genomic DNA was extracted from peripheral blood, and concentration was measured using a Qbit 4.0 fluorometer
(Thermo Fisher Scientific). DNA quality was confirmed by gel electrophoresis. Coding exons were captured using the
xGen Exome Research Panel V2 (Integrated DNA Technologies), and libraries were sequenced at over 100x coverage
on the NovaSeq 6000 platform (Illumina) to generate 151 bp paired-end reads. Reads were aligned to the human
genome reference (hg19) using Burrows-Wheeler Aligner. Duplicates were removed with Picard MarkDuplicates, and
the Genome Analysis Toolkit (GATK) v4.1 was used for INDEL realignment, base-quality recalibration, and mutation
calling via HaplotypeCaller. Variants were annotated with snpEff, and copy number variants were identified using
XHMM. Read depth and coverage were validated with Integrative Genome Viewer (IGV).

The selection of SNPs associated to aMCI

All reported SNVs and INDELs from exome sequencing were initially filtered using DisGeNET with the keyword
'Alzheimer’ (DisGeNET; Name: Alzheimer's Disease; CUI: C0002395). Variants with an allele frequency greater than
5% in the KRGDB database (http://152.99.75.168:9090/KRGDB/menuPages/intro.jst) were selected for further
analysis. Finally, quality control was performed using PLINK 1.9b with the following parameters: --mind 0.1, --hwe
0.001, --geno 0.1, and --maf 0.05.

Statistical Analysis

Differences in age and education level between aMCI and naMCI patients were assessed using an independent samples
t-test, conducted with SPSS 26.0 (SPSS Inc., Chicago, IL, USA). Gender, allele, and genotype frequency differences
between the groups were evaluated using the Pearson chi-square test.

Hardy-Weinberg equilibrium, allele frequency, and genotype frequency analyses were performed using PLINK 1.9
software (https://www.cog-genomics.org/plink/). Bonferroni correction was applied to control for multiple
comparisons and reduce the false discovery rate. The association between single nucleotide polymorphisms (SNPs)
and the risk of aMCI was examined using PLINK’s model option, under five inheritance models: codominant,
dominant, recessive, overdominant, and log-additive. Adjustments were made for potential confounders, including
Mini-Mental State Examination (MMSE) score, education level, and age. Statistical significance was defined as a
two-tailed p-value < 0.05.

Results

Demographic information

A total of 346 unrelated participants were included in this study, consisting of 263 patients with aMCI and
83 with naMCI. The aMCI group comprised 163 females and 96 males, with a mean age of 65.40 + 8.33
years (range: 50-80 years). The naMCI group included 59 females and 24 males, with a mean age of 66.30
+ 9.40 years (range: 50-80 years). There was no significant difference in gender distribution between the
two groups (P =0.176). (Table.1)

SNP Allele and Genotype Frequencies

Five SNPs associated with aMCI were identified and analyzed: rs7946 (PEMT), rs25489 (XRCC1), rs440446,
rs429358 (APOE), and rs28469095 (NKPD1). The allele and genotype frequencies for each polymorphism are



presented in Table 2. The population distribution of all five aMCl-related polymorphisms was consistent with Hardy-
Weinberg equilibrium (Table 3). A significant difference was observed in the rs429358 polymorphism of the APOE
gene between the aMCI and naMCI groups (OR =2.35, 95% CI = 1.276-4.354, P = 0.004861).

In a linear regression analysis evaluating the cumulative effect of all SNPs on age at onset, based on the genetic risk
score, significant associations were found with PEMT (rs7946) and XRCCl1 (rs25489). The PEMT rs7946 SNP
showed a significant difference in genotype frequency between aMCI and naMCI patients (Beta = 1.86, P = 0.02162
in the additive model; Beta = 2.099, P = 0.04491 in the dominant model). Similarly, the XRCC1 rs25489 SNP
demonstrated a significant association in the dominant model (Beta = 2.442, P = 0.04642). However, no significant
differences were observed in the probability of aMCI with the APOE rs440446, rs429358, or NKPD1 rs28469095
polymorphisms with respect to age at onset (Table 4).

Relationship between APOE Genotypes and aMCI

Additionally, the frequencies of APOE &4 genotypes and alleles were examined (P = 0.006). The frequency
of the &4+ allele was almost 7-fold higher in the aMCI group (22.5%) than in the naMCI group
(3.5%)(Figure.1). Using logistic regression, the presence of the €4 allele raised the probability of aMCI by

a factor of 1.954. (Table5,6). Moreover, we separated the participants into their respective groups according

to the APOE 4 status of each individual. Patients who had been diagnosed with naMCI had a much lower
frequency of the A allele in their genomes than those who had been given a diagnosis of aMCI. This
difference was discernible from a statistical point of view. After taking into account factors such as gender
and age, the researchers found that PEMT rs7946 was associated with aMCI in both an additive and a
dominant model (Table S1,S2). There were significant differences in the PEMT rs7946 allele or genotype
distribution among the APOE 4 carriers between the aMCI patients and the controls (P = 0.01405). These
differences were seen between the two groups. These changes were seen between the patients diagnosed
with aMCI and the naMCI group. There is a substantial link between APOE 4 carriers and the XRCCl1
rs25489 and the NKPDI1 rs28469095 polymorphism respectively, a suitable genetic model was not
supportive of this association (Table, S1-S3).

Discussion

In this present study, we identified APOE(rs440446, rs429358, repectively P =0.03601, 0.004861),
PEMT(P =0.04449), XRCC1(P=0.02104), NKPD1(P=0.04098) and as a candidate causal gene potentially
responsible for the one or two fold increased risk of aMCI by analysis of common variants. In the dominant
model, the APOE 15429358 polymorphism was observed to enhance susceptibility to aMCI. Both of
additive and dominant model, PEMT rs7946 polymorphism genotypes CC and TC were related with an
elevated risk of aMClI by strified by aging in the Korean population. XRCC1 rs25489 polymorphism GC
and CC in dominant model. and NKPD1 rs28469095 shows relationship with APOE E4 but no genetic
model clearly explanation.

The ¢4 allele of the APOE gene was overexpressed in aMCI compared to naMCls, according to our findings.
Using €2 and €3 allele carriers as a point of comparison, the presence of the €4 allele increased the
probability of aMCI. The allele for apolipoprotein epsilon 4 (Apo €4) is the most often observed genetic
risk factor for AD. Genome-wide association studies (GWAS) indicated that up to 40% of Alzheimer's
disecase (AD) patients possess the ApoE4 allele, and that the risk for AD rises further among &4/ €4
carriers[18]. Additionally, the APOE rs429358 polymorphism is overexpressed in the brains of PD patients



and greatly impacts the course of cognitive impairment[19]. Cognitive dysfunction is an important focus of
research in PD and AD. While the concept of amnestic mild cognitive impairment (MCI) as a prodrome to
AD has been recognized for many years, the construct of MCI in PD is a relative newcomer with recent
development of diagnostic criteria. In this study, €4 carriers had a significantly increased chance of
acquiring aMCI, according to our findings.

According to the Parkinson’s disease patients who exercised regularly were shown to completely avoid an
increase in plasma homocysteine concentrations after L-DOPA treatment, in contrast to sedentary
Parkinson’s disease patients (PMID: 23153729). In patients who already have a diagnosis of Alzheimer’s
disease, the rate of cognitive decline positively correlated with the concentration of plasma homocysteine
(PMID: 19484711). Furthermore, patients with moderate AD and elevated homocysteine concentrations
experienced greater behavioral disturbances associated with major depressive disorder (PMID: 20808087).
PEMT is an important catalyst involved in the production of homocysteine that increased concentrations of
circulating homocysteine are associated with AD (PMID: 23153729). In addition, the functional single
nucleotide polymorphism (rs7946) was related with plasma homocysteine concentrations in PEMT and the
likelihood of sporadic Alzheimer's disease in a Han Chinese population (PMID: 21881829). We indicate
that rs7946 is linked with progression from aMCI to AD in our sample.

The XRCC1 gene is located on chromosome 19q13.2 and consists of 17 exons and encodes a protein of
633 amino acids. Amino acid substitutions in the active protein binding domains may affect the function of
this enzyme in mammalian orthologues. XRCCI1 protein is recruited to the damage site of repair till the last
stage of ligation, regulating and coordinating the whole process. XRCC1 plays a coordinating role for
consecutive stages of base excision repair (BER) system and interacts with several proteins including
human 8-0xoG DNA glycosylase (hOGG1), apurinic/apyrimidinic endonuclease (APE1), DNA polymerase
B (POL B), DNA ligase III a and poly (ADP-ribose) polymerase 1 (PARP-1) [PMID: 17581577]. Because
the various types of DNA damage could promote the development of human diseases thus those are
illustrate how increasing knowledge of DNA-damage responses is providing opportunities for improving
disease detection and management (PMID: 19847258). A few studies suggest that frequent BER gene
polymorphisms, such as Arg194Trp on exon 6, Arg280His on exon 9, and Arg399GlIn on exon 10, all of
which result in nonsynonymous alterations, may have a role in AD neurodegeneration [PMID: 16221808,
PMID: 19199873]. We observed in this cohort analysis that rs25489 is related with aMCI in the Korean
population. Larger controlled studies are required to establish the impact of interaction with other genes
and haplotypes or diplotypes of the XRCC1 gene on aMClI risk.

NKPDI1 (hg38 chr19:45,149,744-45,160,982) is firstly reported large scaled genome-wide association
study of AD that identified to have genome-wide significance for the rs597668(OR, 1.18; 95% CI, 1.07-
1.29; P = 6.45x10-9) on chromosome 19q13.32(hg38 chr19:45,205,630) contains several other genes
(NKPD1, TRAPPC6A, BLOCI1S3, MARKLI1, and MARK4) that could also represent the functional
correlates underlying this association (PMID: 20460622, PMID: 22482448). It remains to be seen whether

this region is genetically and functionally related as the associated SNP only maps ~300 kb distal to the

APOE region that merely “tagging” the association with APOE and does not actually represent a novel AD
locus in its own right. [ PMID: 20955934] In a subsequent large AD cohort study, The exonic non-
synonymous variant rs28469095 (MAF=0.091 and 1.97E-38) was linked with an increased risk for AD and



was predicted to have detrimental effects on gene function. [PMID: 30617256] In the FUMA gene-mapping
study, a significant eQTL was observed for the APOE-locus, a change in expression for NKPD1 was
reported in the hippocampus, and significant mQTLs were identified in the dorsolateral prefrontal cortex
that are typically degenerated in the brains of Alzheimer's disease (AD) patients[PMID: 30617256].

Prior to the recent past, attempts to establish clinical predictors of progression to AD in individuals with
MCI focused mostly on demographic characteristics, neurocognitive ability, and molecular markers. All of
these factors were reported, and it was found that the development from MCI to AD was best predicted by
ApoE status. Intriguingly, we have found aMCl-associated non-synonymous SNPs of rs440446 (APOE),
rs429358 (APOE), 1s7946 (PEMT), 1s25489 (XRCC1), and rs28469095 (NKPD1) in the Korean population
that have been previously linked to AD and dementia. In addition, the findings of this research might be
used as a significant resource for the selection of prospective genes for functional follow-up tests, as well
as the identification of targets for drug development and stratification strategies.

Limitation

Our research has significant limitations. First of all, since our research was cross-sectional, we did not
investigate the order of exposures, the timing of outcomes, or the causal link between exposures and
outcomes. Also, the limits of our sample size resulted in less accurate or convincing results. Consequently,
these results should be regarded with care. In the future, we will increase our sample size to improve our
results even more. Finally, our research did not account for linkage disequilibrium (LD) between SNPs. LD
may influence the function of adjacent genes. Therefore, it is vital to have a deeper comprehension of the
impact of LDs on samples. Since aMCI is a complex illness, other factors such as marital, mental, and
nutritional condition should be included in the gathering of clinical data.

Conclusion

In conclusion, several genes and their polymorphism genotypes contribute to the etiology of aMCI. In the
Korean population, our research indicates that the APOE gene and PEMT play a major role in the etiology
of aMCI. Age variations also impact aMCI susceptibility. These findings are very important for
comprehending the role and effect of several polymorphism genes in aMCI. We hope that these findings
will contribute to the development of novel diagnostic and therapeutic approaches for aMCI.
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