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Background: Overwhelming evidence points to that genetic factors contributing to the development of Alzheimer’s disease (AD) and Parkinson’s disease (PD). Genome-Wide Association Study (GWAS) has come a long way in the last decade. So far, a large number of GWAS studies have been published on neurological diseases and many other diseases, providing us with a wealth of genetic information and unique biological insights.

Methods: Genomic DNA was extracted from both patients’ and controls’ peripheral blood samples utilizing the Blood Genome Extraction Kit. Single nucleotide polymorphisms (SNPs) were genotyped employing the enhanced multiple ligase detection reaction (iMLDR) technology.

Results: A case-control study was conducted, involving 211 AD patients, 508 PD patients (including 117 with dementia), and 412 healthy individuals. Age and sex stratification analysis revealed that rs871269/TNIP1 was associated with LOAD (p = 0.035), and rs5011436/TMEM106B was associated with AD in males (p = 0.044) in the genotype model. In the allele model, rs871269/TNIP1 was found to be associated with PD in the Chinese Han population (p = 0.0035, OR 0.741, 95% CI 0.559-0.983), and rs708382/GRN was identified as a risk factor for Parkinson’s disease dementia (PDD) in the Chinese Han population (p = 0.004, odds ratio (OR) 0.354, 95% confidence interval (CI) 0.171-0.733). However, no significant associations with AD or PD were observed for the remaining four loci (rs113020870/AGRN, rs6891966/HAVCR2, rs2452170/NTN5, rs1761461/LILRB2) in terms of allele or genotype frequencies.

Conclusion: This study identifies rs871269/TNIP1 as a potential risk factor for both LOAD and PD, rs708382/GRN as a risk factor for PDD, and rs5011436/TMEM106B as associated with AD in males when stratified by age.
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1 Introduction

Alzheimer’s disease (AD) and Parkinson’s disease (PD) rank as the first and second most common neurodegenerative diseases, respectively (1). Globally, 44 million people are living with dementia, with AD accounting for approximately 50–75 percent. Remarkably, half of these cases are from China. This number is anticipated to more than triple by 2050 due to an aging population (2). The incidence of PD increases with age, the prevalence of PD in the elderly population over 65 years old is about 1.7%, and the prevalence of PD in the elderly population over 80 years old is as high as 4%, exerting immense pressure on society (3).

Most cases of AD and PD are sporadic with unknown etiology, with both environmental and genetic factors contributing to their development (4). Overwhelming evidence points to important genetic roles (5). AD and PD may share common pathological processes, such as abnormal protein deposition. The presence of Aβ, a signature pathological protein of AD, has been reported in PD patients (6), and lewy body deposits, characteristic of PD pathology, are also found in AD cases (7). Additionally, the APOE and MAPT genes, recognized risk genes for AD (8), have also been linked to increased PD risk, highlighting potential genetic and pathological overlaps between AD and PD (9).

Cognitive dysfunction, a prevalent non-motor symptom of PD, further complicates the disease landscape. Parkinson’s disease dementia (PDD) progresses at a rate of about 10% per year in PD patients, with a cumulative prevalence of 75% in patients with PD for more than 10 years (10). The Sydney multicenter study, the APOE longest cohort to date, reported an 83% incidence of dementia among patients surviving more than 20 years (11), underscoring the significant overlap between PD and dementia. Thus, it is of interest to explore whether risk loci for AD may be risk factors for PD-induced dementia.

Genome-Wide Association Study (GWAS) has come a long way in the last decade (12). Researchers can detect genetic markers associated with specific traits or diseases on a genome-wide scale (13). Traditional genetic link research methods have limitations for the study of this complex trait (14), but GWAS can identify risk variants on a genome-wide scale, thus providing a new perspective for the study of the mechanism of complex diseases (15). So far, a large number of GWAS studies have been published on neurological diseases and many other diseases, providing us with a wealth of genetic information and unique biological insights (16).

A recent large-scale meta-analysis pooling 13 AD Genome-Wide Association Study (GWAS) datasets from European ancestry samples identified 38 loci, including seven loci that have not been reported previously (17). Of the 31 loci that have been reported, some researchers have verified some of them in the Chinese population (18–20). However, the relevance of these new loci to AD in Asian populations remains unexplored. In light of these findings, this study replicates AD-related genetic variants in the AD and PD population to identify additional candidate sites that might alter their risk.



2 Materials and methods


2.1 Study population

A total of 1,131 subjects of Han ethnicity were enrolled in this study, encompassing 211 AD patients, 508 sporadic PD patients, and 412 control subjects. Blood samples were collected from all participants for SNP testing, and patient information, including information related to age, sex, and education (years of schooling), was collected at the time of sampling. The simple mental state examination (MMSE) was used to screen cognitive function, and the scores of controls were in the normal range. Among PD patients, 117 were diagnosed with PDD based on the criteria proposed by the Movement Disorder Society Task Force, and we classified those with a disease course of more than 10 years and no cognitive impairment into the group of PD without dementia (PDND). All recruited patients were sporadic cases, with young-onset patients excluded from the study. Case definitions adhered to the criteria set by the National Institute on Aging–Alzheimer’s Association (2018) and Parkinson’s United Kingdom Brain Bank (1997). All study participants provided written informed consent, and the study received approval from the Ethics Committee of the First Affiliated Hospital of Zhengzhou University.



2.2 Genotyping and data analysis

Genomic DNA was extracted from both patients’ and controls’ peripheral blood samples utilizing the Blood Genome Extraction Kit (BioTeke Co., Beijing, China). Single nucleotide polymorphisms (SNPs) were genotyped employing the enhanced multiple ligase detection reaction (iMLDR) technology (Geneskybiotech, Shanghai, China). All pertinent specific PCR primers and ligation primers are enumerated in Supplementary Table 1.

Statistical analyses were executed using IBM SPSS Statistics 26.0. The age disparity was evaluated employing the t-test. The Hardy–Weinberg equilibrium in genotype frequency among controls was assessed utilizing the χ2 test. Logistic regression analysis facilitated the computation of risk analysis for each SNP in both dominant and recessive models, post adjustment for age and gender. Chi-squared tests were employed to contrast differences in sex ratio, genotype frequency, and allele frequency post-age and gender-stratified analysis. A two-tailed p value less than 0.05 was deemed statistically significant.




3 Results

We enrolled 211 AD patients, 508 sporadic PD patients, and 412 control subjects. AD and control, PD and control, and PDD and PDND had no significant difference in age and sex (Table 1). The APOE ε4 allele is one of the major genetic risk factors for AD (21). Unlike AD, the association between the APOE gene and PD is less clear. Some studies have shown an association between the APOE ε4 allele and the risk of PD, but the association is not as strong as it is with AD (22). Therefore, we tried to explore the relationship between APOEε4(+) and PD and PDD. The results showed that APOEε4(+) had significant difference between AD and control, but no significant difference between PD and control, PDD and PDND. The association between the APOE gene and PD still needs more research to confirm and explain.



TABLE 1 Characteristics of the study groups.
[image: Table1]

The frequencies of all seven variants in both case and control groups were in accordance with the Hardy–Weinberg equilibrium (p > 0.05). In all sites, genotype and allele frequencies of AD and control were not statistically different (Table 2). Considering that our AD population encompasses people of all ages, but these seven loci were found in the LOAD population in the study by Wightman et al. (17). In addition, the proportion of female and male patients in AD is 3:1, and female gender as a high-risk factor for Alzheimer’s disease has also been the focus of academic research in recent years (2). Therefore, we conducted a stratified analysis by age and sex. We found that rs871269/TNIP1 was associated with LOAD (p = 0.035), and rs5011436/TMEM106B was associated with male AD (p = 0.044) in the genotype model (Table 3).



TABLE 2 Distribution of included SNPs in AD patients and control subjects.
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TABLE 3 Age-stratified and sex-stratified analysis of 7 loci.
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In allelic models, rs871269/TNIP1 showed a significant difference between PD patients and controls (p = 0.0035, OR 0.741, 95% CI 0.559–0.983; Table 4). Similarly, a significant difference was observed in the variation of rs708382/GRN between PDD patients and PDND patients [p = 0.004, odds ratio (OR) 0.354, 95% confidence interval (CI) 0.171–0.733; Table 5], with the patient group exhibiting higher levels of the C allele compared to the control group. Because PD is divided into early-onset and late-onset according to the 40-year old boundary (23), we did not conduct a stratified analysis of PD by age and gender. Considering that we did many tests, we adopted Bonferroni correction method to adjust the statistical significance level, and the results showed that rs871269/TNIP1 was still statistically different between PD patients and controls, and rs708382/GRN was still statistically different between PDD patients and PDND controls. However, rs871269/TNIP1 and rs5011436/TMEM106B no longer showed statistical differences in AD sex and age stratification.



TABLE 4 Distribution of included SNPs in PD patients and control subjects.
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TABLE 5 Distribution of included SNPs in PDD patients and PDND patients.
[image: Table5]

In contrast, for the remaining four sites (rs113020870/AGRN, rs6891966/HAVCR2, rs2452170/NTN5, and rs1761461/LILRB2), no statistical difference in genotype or allele frequency was noted between AD, PD, and PDD patients, and the control group. Among these risk sites, no base mutation of rs113020870 was present in any of our patients or healthy controls. Comprehensive details regarding the relationship between the seven sites and AD, PD, and PDD levels are delineated in Tables 2–5.



4 Discussion

Considering the impact of ethnic heterogeneity, the current study explored seven newly identified AD-related variants within the Han Chinese population. The findings revealed distinct differences in allelic modes: rs871269/TNIP1 between LOAD patients and controls, and again rs5011436/TMEM106B between male AD patients and controls, rs871269/TNIP1 between PD patients and controls, and rs708382/GRN between PDD patients and PDND controls. To the best of our knowledge, this research is the inaugural study to demonstrate the correlation of SNPs in GRN, TNIP1, and TMEM106B genes in Chinese Han Cohort. The remaining four loci exhibited no significant disparities in genotype or allele frequency between AD, PDD, PD patients, and the control group. This partial observation may be attributed to genetic heterogeneity stemming from ethnic and geographical variations, as noted by Wightman et al. (17) (refer to Supplementary Table 2 for an exhaustive overview of the seven loci of GWAS results). Moreover, the interplay between environmental and genetic factors may potentially influence gene expression. In addition, our sample size is much smaller than that of Wightman et al. (17), so our results serve as a preliminary hint.

GRN, a recognized frontotemporal dementia (FTD) gene (24), holds associations not only with FTD but also with LOAD (25). Its biological significance may pertain more to protein clearance mechanisms rather than involvement in specific disease-related protein aggregation. A notable pathological characteristic of PD is the presence of Lewy bodies within the cytoplasm of neurons. These are primarily composed of α-synuclein, ubiquitin, and heat shock proteins (26). Such observations suggest a potential relation of GRN to PD or PDD.

TNIP1, known to induce excessive inflammation, has been previously identified in autoimmune GWAS (27). Within mouse microglia, TNIP1 is encompassed in a transcription module regulated by BCL3, correlating with prolonged microglial exposure to inflammation and aging (28). Various pieces of evidence have underscored that α-synuclein is the pivotal trigger of PD neuroinflammation (29). Some studies have discerned that α-synuclein can mediate the oxidative stress of microglial cells (30). However, the assertion that neuroinflammation is a fundamental process of PD remains a topic of uncertainty. The specific role of TNIP1 in the pathogenesis of PD necessitates further exploration.

TMEM106B has been previously linked with dementia, albeit not in preceding LOAD GWAS (31). The rs5011436 is an intronic variant of TMEM106B. The proximate exon variant, rs3173615, is postulated to be an associated signal-driven variant in FTD, leading to a diminished abundance of transmembrane protein 106B (the protein encoded by TMEM106B) through augmented protein degradation (32). Noteworthy differences in the expression of TMEM106B in extensive brain tissues of LOAD patients compared with the control group have been observed (33). The intricate relationship of TMEM106B with AD warrants further comprehensive research.

The present study harbors certain limitations, including a relatively modest sample size. After the Bonferroni correction, rs871269/TNIP1 and rs5011436/TMEM106B no longer showed statistical differences in AD sex and age stratification. Although Bonferroni correction is relatively strict, it still needs our further attention and verification. Interestingly, in Wightman et al. (17), rs871269 T allele is associated with lower AD risk, and our study indicates a protective effect in PD. However, the T allele is the dominant allele in our study population, while it is the minor allele in the European population, considering that it may be due to racial differences. It is imperative to note that the molecular mechanisms underlying the associations between rs708382/GRN and rs871269/TNIP1 and PD remain enigmatic. The design of additional functional experiments is essential to further elucidate the pathogenesis.

In conclusion, our research indicates that the variation of TNIP1 is significantly associated with LOAD and PD within the Chinese Han population, while TMEM106B with male AD and GRN is correlated with PDD. The involvement of geographic or environmental factors in the genetic outcomes at these sites remains an open question. Comprehensive further genetic analyses and functional studies are imperative to unravel the roles of these variants in the pathogenesis of AD and PD.
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