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Background and objectives: The role of N-methyl-D-aspartate receptor 2B (GRIN2B) single nucleotide polymorphisms (SNPs) in influencing the risk and progression of Parkinson’s disease (PD) is still unclear. This study aimed to assess the impact of GRIN2B genotype status on PD susceptibility and symptom progression.

Methods: We enrolled 165 individuals with sporadic PD and 154 healthy controls, all of whom had comprehensive clinical data available at the start and during follow-up. We used chi-squared (χ2) analysis to compare the allele and genotype frequency distributions between the patient and control groups. Linear mixed-effect models were employed to investigate the link between the GRIN2B genotype and the progression of motor and cognitive symptoms.

Results: The prevalence of the GG + GT genotype and G allele was higher in patients compared to controls (p = 0.032 and p = 0.001, respectively). Subgroup analysis revealed that the GG + GT genotype and G allele were significantly more frequently observed in late-onset PD (LOPD) patients compared to early-onset PD (EOPD) patients (p = 0.014 and p = 0.035, respectively). Notably, individuals with the GG + GT genotype exhibited an estimated annual progression rate of 6.10 points on the Unified Parkinson’s Disease Rating Scale (UPDRS), which is significantly higher than that of the TT genotype carriers. Furthermore, the GG + GT carriers showed a markedly rapid progression in rigidity. In addition, the GG + GT carriers demonstrated significantly faster progression rates in rigidity (1.83 points/year) and axial impairment (1.2 points/year) compared to the TT carriers. Notably, the GG genotype carriers exhibited a more rapid decline in recall function.

Conclusion: The GRIN2B rs219882 G allele is associated with increased PD susceptibility, particularly in LOPD. The carriers of the GG + GT genotype exhibited more rapid motor symptom progression, with a pronounced impact on rigidity and axial impairment.
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1 Introduction

Parkinson’s disease (PD) is the most prevalent movement disorder, affecting an estimated 6 million individuals globally (1). The clinical manifestations of PD are multifaceted, encompassing both motor symptoms—such as tremors, rigidity, postural gait abnormalities, and bradykinesia—and non-motor symptoms (NMSs), including cognitive impairment (2). The etiology of PD remains complex, with genetic variations emerging as pivotal contributors to its pathogenesis (3). In recent years, a growing body of evidence has implicated numerous novel single nucleotide polymorphisms (SNPs) in PD, highlighting the essential role of these genetic variants in the molecular mechanisms that increase susceptibility to the disease (4).

An increasing body of research suggests that glutamate-mediated excitotoxicity plays a role in common neurological disorders, including PD (5, 6). The N-methyl-D-aspartate (NMDA) receptors, which are glutamate receptors, consist of NR1 (GRIN1) and NR2 (GRIN2) subtypes. The specific NR2 subunit (A, B, C, or D) determines the distinct physiological characteristics of NMDA receptors (7). Variation in the GRIN2A gene is the most common genetic cause of developmental and epileptic encephalopathy with spike-and-wave activation in sleep (DEE-SWAS) (8). N-methyl-D-aspartate receptor 2B (GRIN2B) is recognized as a key contributor to excitotoxicity-induced neuronal loss (9). Furthermore, GRIN2B dysfunction has been implicated in motor and cognitive deficits in α-synuclein-induced mouse models, and treatment with a GRIN2B inhibitor has been shown to rescue motor impairments in PD (10). However, the contribution of GRIN2B SNPs to PD and the impact of GRIN2B variations on PD development remain controversial. Some studies have indicated that GRIN2B SNPs reduce the risk of PD (11), while others have found that GRIN2B SNPs increase the risk of PD and the occurrence of impulse control behaviors (ICBs) in PD patients (12, 13). Several studies have suggested no correlation between GRIN2B SNPs and PD (13–15). The association between the GRIN2B genotype and the susceptibility of PD patients in China has not been well explored, and the influence of GRIN2B SNPs on PD progression has yet to be reported. Importantly, the impact of GRIN2B SNPs on the progression of PD has not been documented. Therefore, our study aimed to reveal the influence of the GRIN2B rs219882 genotype on PD susceptibility, age of onset, and the progression of motor and cognitive symptoms in a longitudinal cohort of individuals from southern China.



2 Materials and methods


2.1 Participants

This longitudinal study, conducted between 2017 and 2022, included a total of 165 individuals with sporadic PD from the Department of Neurology at Shanghai Dongfang Hospital (Figure 1). A control group comprising 154 healthy individuals, matched for sex and age, was recruited from the Zhoujiadu Community Health Service Center in the Shanghai Pudong New Area. All PD patients were diagnosed by neurologists who adhered to the clinical diagnostic criteria established by the UK Parkinson’s Disease Society Brain Bank (16). The inclusion criteria for the patients were as follows: (1) ability to provide informed consent; (2) diagnosis of idiopathic PD; (3) age between 30 and 90 years; and (4) ethnic Han Chinese descent. The exclusion criteria included the following: (1) parkinsonism attributable to other causes such as drugs, stroke, or toxins; (2) a familial history of PD; (3) the presence of other neurological disorders, including multiple system atrophy and PD dementia; and (4) a history of cerebrovascular diseases or other severe systemic conditions. The recruitment process and study protocols were approved by the Institutional Review Board (IRB) of Shanghai East Hospital (approval number: 2022135). All participants provided written informed consent in accordance with the ethical standards of the Declaration of Helsinki.
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FIGURE 1
 A flow chart of our study. PD, Parkinson’s disease; N-methyl-D-aspartate receptor 2B (GRIN2B).




2.2 Clinical assessments

To evaluate the impact of GRIN2B SNPs on motor and cognitive progression in PD, a longitudinal follow-up study was conducted. Initially, 165 PD patients were enrolled, with 89 participants available and eligible for follow-up. The average follow-up interval for all patients was 3.53 years (standard deviation, SD = 1.04), with each patient visiting at least once. Comprehensive baseline and follow-up clinical data were obtained through face-to-face interviews. The patients were categorized into early-onset PD (EOPD) with an onset age of less than 50 years and late-onset PD (LOPD) with an onset age of over 50 years. Information on anti-PD medications was collected, and the levodopa equivalent daily dose (LEDD) was calculated, as previously described (17). Consistent with prior studies, PD patients were classified into three subtypes based on the symptomatology: tremor-dominant (TD) PD (mean tremor score/PIGD score ≥ 1.5), postural instability and gait disturbances (PIGD)-dominant PD (mean tremor score/PIGD score ≤ 1.0), and intermediate PD (1.0 < mean tremor score/PIGD score < 1.5) (18, 19). Motor symptom severity was assessed using the Unified Parkinson’s Disease Rating Scale (UPDRS) parts II and III and the Hoehn–Yahr (H–Y) stage. Specific motor features, including tremor (UPDRS items 20 and 21), rigidity (item 22), bradykinesia (items 23–26 and 31), and axial impairment (items 27–30), were further evaluated (20). Non-motor symptoms (NMSs) were assessed using the Non-Motor Symptoms Questionnaire (NMSQuest). Cognitive performance was evaluated using the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). Emotional status was measured using the Hamilton Depression Rating Scale (HAM-D) and Hamilton Anxiety Rating Scale (HAM-A), while sleep quality was assessed using the Parkinson’s Disease Sleep Scale (PDSS). Neuropsychological assessments were conducted by highly trained specialist neurologists.



2.3 SNP genotyping

The GRIN2B phenotype of PD patients in our study was assessed using iPLEX
® reagents and the MassARRAY® System (Sequenom Company) (21). Specifically, the PCR amplification primers and single-base extension primers for the SNP sites of GRIN2B were synthesized using genotyping tools and the MassARRAY Assay Design developed by the Sequenom Company, San Diego, CA, USA. The forward primer sequence was F:5’-ACGTTGGATGGCCTTCCCACCATTAATCTG-3′, and the reverse primer sequence was R:5’-ACGTTGGATGTGTGGAAGTAGCTGGGTATA-3′. Then, the peripheral blood samples were collected, and the DNA was extracted using a DNA extraction kit. The DNA was resuspended to a final concentration of 50 ng/μl and stored at −20°C. PCR amplification was performed by multiplex PCR in 384-well plates, with a total volume of 5 μL per reaction. The iPLEX assay was performed at the end of the PCR reaction. The PCR products were treated with shrimp alkaline phosphatase (SAP) to remove free deoxynucleotide triphosphates (dNTPs) from the system. Clean resin was used to desalt the iPLEX reaction products, optimizing MALDI-TOF mass spectrometric analysis. Then, the reaction products were put onto a 384-element SpectroCHIP bioarray. MassARRAY Workstation software was used to process and analyze the iPLEX SpectroCHIP bioarray. The genotypes of GRIN2B SNPs were determined through differences in the molecular weight of the PCR products.



2.4 Declaration of generative AI and AI-assisted technologies in the writing process
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2.5 Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics version 26.0. Categorical data were described using frequencies and percentages. To assess the representativeness of the study population, the Hardy–Weinberg equilibrium (HWE) was tested. The chi-squared (χ2) test was applied to compare the allele and genotype frequencies between the groups. Logistic regression analysis was performed to calculate the odds ratios (ORs) and their corresponding 95% confidence intervals (95% CIs). Both linear and logistic regression analyses were conducted to compare the baseline clinical characteristics across the different groups.

In longitudinal studies, linear mixed-effects models are often employed to analyze repeated measures, effectively managing missing data and accounting for individual variability. Consequently, these models were used to explore the association between the GRIN2B genotypes and the progression of motor and cognitive symptoms, as assessed through the UPDRS motor scores and MoCA scores. The fixed effects included the GRIN2B genotype, disease duration (as the timescale), and their interaction while adjusting for age, sex, and LEDD or education levels. The model incorporated random intercepts for each participant’s ID and random slopes for time to account for the correlations within repeated measures over time and among individuals.




3 Results


3.1 Demographics and clinical features of the participants

A total of 165 patients with PD and 154 healthy controls were enrolled in our study, comprising a total of 319 participants. The demographic and clinical data of these individuals are presented in Table 1. The distribution of sex, age, and years of education between the PD patients and healthy controls was found to be statistically similar. Among the PD patients, 43 (25.5%) individuals were classified as early-onset, with an average disease duration of 4.43 years (standard deviation, SD = 0.27) across all participants with PD. The mean follow-up duration was 3.53 years (SD = 0.08). At baseline, the median Hoehn–Yahr (H–Y) stage was 2.0, with an interquartile range of 1.5 to 2.5, and the average UPDRS III score was 21.55 (SD = 0.27). In addition, the mean MoCA score was 24.46 (SD = 0.34), and the MMSE score was 28.43 (SD = 0.18).



TABLE 1 Demographic data of the patients with sporadic PD and healthy controls.
[image: Table1]



3.2 Correlation analysis between GRIN2B rs219882 and PD risk

The genotype and allele frequencies of the GRIN2B rs219882 polymorphism in both the PD and control groups are detailed in Table 2. The analysis for the HWE revealed no significant deviation in the allele frequencies within the PD group (p = 0.881) or the control group (p = 0.900), indicating that our study population was representative. Notably, the frequency of the GG genotype and the G allele was significantly higher in PD patients compared to the controls (OR = 2.27, 95% confidence interval (CI): 1.13–4.59, Pgenotype = 0.021; OR = 2.42, 95% CI: 1.72–3.40, Pallele = 0.001). Furthermore, under a recessive model, PD patients with the GG + GT genotype showed a higher proportion compared to the healthy controls (OR = 1.98, 95% CI: 1.05–3.72, p = 0.032; adjusted OR = 1.99, 95% CI: 1.05–3.77), while no significant difference was observed between the two groups under a dominant model. These results suggest that the G allele of the GRIN2B rs219882 polymorphism is associated with PD susceptibility and that the G allele and GG + GT genotype may constitute risk factors for the development of PD.



TABLE 2 Genotype and allele frequency of the GRIN2B rs219882 (T > G) polymorphism among the patients with sporadic PD and controls in China.
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3.3 Association analysis between GRIN2B rs219882 and the age onset of PD

We conducted a stratified analysis based on the age of onset of PD, as presented in Table 3. In the LOPD subgroup, the frequency of the G allele was significantly higher in PD patients compared to the controls (OR = 1.55, 95%CI: 1.09–2.20, p = 0.014). In addition, under a dominant model, the frequency of the GG genotype was more prevalent in the PD group than in the controls (OR = 1.70, 95% CI: 1.01–2.85, p = 0.045). Most notably, a higher proportion of the GG + GT genotype was observed in the PD group compared to the healthy controls in a recessive model (OR = 2.11, 95% CI: 1.04–4.25, p = 0.035). Collectively, these findings suggest that the G allele and the GG + GT genotype may be associated with an increased susceptibility to PD, particularly in the context of LOPD.



TABLE 3 Distributions of the genotype and allele frequencies of GRIN2B rs219882 (T > G) in the sporadic PD and control groups stratified by sex or age at onset.
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3.4 Effect of GRIN2B rs219882 on motor or cognitive decline

We conducted a detailed longitudinal cohort study to examine whether the GRIN2B rs219882 genotype frequency influences the progression of motor and cognitive functions in PD. We performed a detailed longitudinal cohort study of 89 PD patients and the baseline clinical features of 165 PD patients are summarized in Table 3. The mean follow-up time was 3.53 (1.06) years for the GG + GT carriers and 3.51 (0.88) years for the TT carriers. At baseline, the distributions of age, sex, disease duration, education, LEDD, H–Y stages, and cognitive impairment were similar between the two groups. Interestingly, the individuals with the GG + GT genotype exhibited higher UPDRS motor scores (p = 0.008), particularly in rigidity (p = 0.003), bradykinesia (p = 0.012), and axial impairment (p = 0.045), with no significant difference observed in the tremor scores.

Linear mixed-effects models were used to examine the correlation between the GRIN2B genotype and the progression rate of UPDRS motor scores and its subparts, adjusting for sex, age at baseline, and LEDD at follow-up (Table 4; Figure 2). The interaction with time revealed the influence of the genotype status on the slope (annual change in the scores of the UPDRS motor and its subparts). The estimated progression rate (standard error, SE) of the UPDRS motor score was 6.19 (2.56) points/year for PD patients with the GG genotype, 5.99 (2.44) points/year for those with the GT genotype, and 5.42 (2.47) points/year for those with the TT genotype. Notably, the progression rate for the patients with the GG + GT genotype [6.10 (2.54) points/year; p = 0.022] was significantly faster than that of those with the TT genotype. The analysis of the subparts of the UPDRS motor scores revealed that the SE rate of change in the rigidity and axial impairment scores was significantly faster in the GG + GT carriers compared to the TT carriers [1.83 (0.58) points/year; Prigidity = 0.003; 1.20 (0.55) points/year; Paxial impairment = 0.033]. These findings suggest that the GG + GT genotype is associated with a faster motor decline, particularly in terms of rigidity and axial impairment.



TABLE 4 Association between GRIN2B rs219882 and motor progression among the groups.
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FIGURE 2
 The longitudinal trajectories of the mean UPDRS motor scores and subparts among the GRIN2B genotypes. UPDRS, Unified Parkinson’s Disease Rating Scale; N-methyl-D-aspartate receptor 2B (GRIN2B). Rigidity scores, bradykinesia scores, and axial impairment scores were evaluated using the item 22, items 23–26, 31, items 27–30 respectively.


To further ascertain the impact of the GRIN2B rs219882 genotype on cognitive decline, we employed a linear mixed-effects model to examine the rate of change in the MoCA scores and its seven subscale scores, adjusting for age, sex, and years of formal education at baseline (Table 5). Notably, the rate of deterioration in the recall score for the patients with the GG genotype was 0.58 points/year higher than that for the carriers of the TT genotype (p = 0.030). However, no significant differences were observed in the progression rates of the MoCA and its subscale scores.



TABLE 5 Association between GRIN2B rs219882 and cognitive progression among the groups.
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4 Discussion

To the best of our knowledge, our research is the first to highlight the relationship between GRIN2B SNPs and the motor progression of PD within a longitudinal Chinese cohort. Our study revealed that the GRIN2B rs219882 G allele is associated with PD susceptibility, particularly in LOPD. Notably, the individuals with the GRIN2B GG + GT genotype exhibited a more rapid motor decline, especially in terms of rigidity and axial impairment, compared to the TT genotype carriers.

We found that the risk of PD in the G allele carriers was 2.4 times higher than that in the non-carriers. The GRIN2B rs219882T > G variant, an intron variant located within gene regions, likely contributes to transcriptional dysfunction (22). Elevated GRIN2B levels are implicated in PD pathogenesis through TNF-α-associated neuroinflammation, which may account for our findings (23). Notably, the G allele frequency in the healthy controls (0.455) in our study is consistent with that of East Asian populations in the dbSNP database (0.425), suggesting strong statistical power for this SNP in our cohort. Furthermore, our study demonstrated that the G allele significantly influenced the age of PD onset. The rs219882 variant was initially identified in a genome-wide association study (GWAS) of patients with sporadic LOPD (22). Our findings are consistent with this research, showing a higher frequency of the G allele in LOPD individuals compared to the healthy controls. LOPD is characterized by more severe dopaminergic damage and motor impairment, as well as a higher rate of progression compared to EOPD, due to distinct underlying molecular mechanisms (24, 25). Our results suggest that the pathogenic mechanisms of GRIN2B variations may share similarities with those of LOPD.

The UPDRS motor score, a standardized measure for evaluating motor impairment severity, is well-established for its reliability and validity (26, 27) and is frequently used in clinical research (28). However, few studies have utilized the UPDRS to assess the rate of motor progression. In our PD cohort, the GG + GT carriers experienced a faster rate of motor decline compared to the TT carriers, as estimated by the UPDRS scores. Moreover, we found that the GG carriers had a more rapid motor decline than the GT carriers, suggesting a correlation between the rate of motor decline and the severity of the GRIN2B variant. This suggests that GRIN2B variant severity is likely involved in GRIN2B function regulation, contributing to PD development and progression. Consistent with our findings, previous animal studies have confirmed that GRIN2B dysfunction impacts the progression of motor dysfunction in PD (10, 23, 29). As the GRIN2B G allele is associated with a faster rate of motor progression, we further explored the potential association between the GRIN2B genotype and specific motor features. We found that the GG + GT carriers had faster progression rates in the rigidity and axial impairment scores than the TT carriers. NMDA antagonists have been shown to alleviate rigidity in a PD mouse model (30, 31). Interestingly, we also found that the rate of bradykinesia decline was faster in the GT carriers than in the TT carriers. It has been reported that co-administration of levodopa with NMDA antagonists can potentiate the effect of levodopa and reduce levodopa-induced dyskinesias (30, 32). Our results indicate that GRIN2B variations play a pivotal role in the rigidity or dyskinesia symptoms of PD.

An intriguing finding was that the GG carriers lost 0.58 points in recall per year, which was significantly faster than the TT carriers. GRIN2B is crucial for synaptic and cognitive function in an α-synuclein-induced mouse model, possibly due to an imbalance in calcium homeostasis (10, 33). However, the difference in total MoCA scores between the GG and TT carriers was not significant. Further studies are needed to elucidate the association between GRIN2B and cognitive progression.

The strengths of this study include the following: (1) demonstrating a novel association between the GRIN2B rs219882 G allele and PD susceptibility and age of onset in a Chinese population and (2) being the first to discover that GRIN2B GG + GT carriers experience rapid motor progression, characterized by more severe rigidity and axial impairment, in a longitudinal study of PD patients from China. Our research may provide theoretical support for predicting the rapid progression of motor and cognitive impairments in patients with LOPD. Consequently, patients with LOPD could potentially predict the progression of their motor and cognitive functions by detecting GRIN2B gene polymorphisms, thereby guiding their clinical treatment. However, there are limitations to this study. Complete genotype testing is required to mitigate potential confounding factors from prevalent genes associated with PD, such as LRRK2, APOE, and PRKN. In addition, this retrospective study had missing data and inhomogeneous follow-up times. To address these issues, we performed linear mixed-effects models to account for potential confounders and handle the missing data. Finally, our study was a single-center follow-up research with a relatively small sample size. Therefore, it is necessary to conduct multi-center studies with larger populations to validate our findings.



5 Conclusion

Our study represents a pioneering effort in examining the role of GRIN2B in the prevalence and motor and cognitive functional progression of PD within the Chinese population. Our findings reveal that PD patients with GG + GT genotypes experience a more rapid decline in motor function, particularly in the progression of rigidity and axial impairment. Notably, GG genotype carriers exhibit a more rapid decline in recall function. These insights are of significant importance for understanding the impact of GRIN2B variants on the pattern of motor deterioration in PD. They have the potential to help clinicians make more accurate prognoses and help inform treatment strategies.
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