Received: 2 May 2019 | Revised: 25 June 2019

Accepted: 26 June 2019

DOI: 10.1002/agm?2.12075

ORIGINAL ARTICLE

Aging Medicine — WILEY

Glutamate ionotropic receptor NMDA type subunit 2A
(GRIN2A) gene polymorphism (rs4998386) and Parkinson's
disease susceptibility: A meta-analysis

Gaurav Nepal®

Tribhuvan University Institute of Medicine,
Kathmandu, Nepal

2University of New England College of
Osteopathic Medicine, Biddeford, Maine,
USA

3Department of Neurology, Tribhuvan
University Institute of Medicine,
Kathmandu, Nepal

Correspondence

Gaurav Nepal, Maharajgunj Medical
Campus, Tribhuvan University Institute
of Medicine, Maharajgunj Rd, Kathmandu
44600, Nepal.

Email: gauravnepal@iom.edu.np

1 | INTRODUCTION

Parkinson's disease (PD) is the second most common neurodegenera-
tive disease after Alzheimer's disease.! PD is characterized by degen-
eration of dopaminergic neurons in the substantia nigra, which can
present clinically as resting tremor, muscle rigidity, bradykinesia, and
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Abstract

Objective: Dopaminergic neuronal degeneration seen in Parkinson's disease (PD)
might result from a single nucleotide polymorphism (SNP) in the glutamate ionotropic
receptor NMDA type subunit 2A (GRIN2A) gene. We thus performed a meta-analysis
exploring the relationship between the rs4998386 SNP of the GRIN2A gene and PD
susceptibility.

Methods: We searched PubMed, EMBASE, Web of Science, Google Scholar, and
China National Knowledge Infrastructure for studies published between January
2005 and January 2019. The association between the rs4998386 polymorphism and
PD susceptibility was evaluated by calculating the pooled odds ratios (ORs) and 95%
confidence intervals (Cls).

Results: Meta-analysis results did not show a significant association between the
rs4998386 polymorphism of the GRIN2A gene and PD susceptibility when assuming
an allelic model (OR, 0.90; 95% Cl, 0.76-1.07; P = .22; I? = 53%), a dominant model
(OR, 0.96; 95% Cl, 0.82-1.12; P = .62; ?= 64%), or a recessive model (OR, 1.14; 95%
Cl,0.93-1.38; P = .22; I>= 0%).

Conclusion: Our meta-analysis found that the rs4998386 polymorphism of the
GRIN2A gene is not associated with risk of PD in either Europeans or white Americans.
However, large sample studies with different ethnicities should be conducted to es-

tablish the role of the rs4998386 polymorphism in PD pathophysiology.
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postural dysfunctions.? Though James Parkinson's essay “Shaking
Palsy” was published nearly 200 years ago, the exact pathophysiol-
ogy of PD remains unknown. There are currently 6.1 million people
with PD globally and the burden is increasing; thus, the creation of
more therapeutic treatment options is urgently needed and will rely
on further research.®
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Current research hypothesizes PD as a compilation of complex
interactions between genetic and environmental factors. PD was
historically considered sporadic in nature, without genetic origin. In
the past decade, however, genetic studies performed in various geo-
graphical regions worldwide have strengthened the hypothesis that
PD has a substantial genetic component. Numerous genes have un-
equivocally been tied to familial PD, including SNCA, PRKN, PINK1,
DJ1, LRRK2, ATP13A2, and PLA2G6.*> This “familial form” of PD, how-
ever, accounts for only a small percentage of overall PD diagnoses.
The majority of PD cases are considered a “sporadic form” of disease,
indicating that additional factors may also contribute to the risk of
PD.

Current evidence suggests an association between gluta-
mate-mediated excitatory neurotoxicity and neurodegenerative
diseases.®® The excitatory effects of glutamate are exerted via
activation of ionotropic receptors, mainly at NMDA receptors
(NMDARs). NMDAR channels are heteromers composed of the key
receptor subunit, NMDAR1, with one or more of the four NMDAR2
subunits: NMDAR2A, NMDAR2B, NMDAR2C, and NMDAR2D.”
Continuous activation of large numbers of NMDARs can lead to
elevated intracellular calcium and catabolic enzyme activity, which
triggers a cascade of events leading to cell death. These event cas-
cades include mitochondrial membrane depolarization, caspases ac-
tivation, cellular toxicity, and production of reactive oxygen species
and nitrogen free radicals.® A growing body of evidence supports an
essential role for oxidative stress in the initiation and progression of
neurodegeneration in pD.10-12

The substantia nigra pars compacta (SNPC), the location of the
primary pathological lesion, is predisposed to oxidative stress as well
as toxic and metabolic insults.2 One hypothesis suggests that mi-
tochondria genetic alterations lead to impaired mitochondrial func-
tion and, therefore, degeneration of SN PC.112 Oxidative stress may
also be mediated by NMDAR-induced production of reactive oxygen
species, such as peroxide, hydroxyl radical, and superoxide. Animal
studies have shown that both competitive and non-competitive
antagonism at the NMDAR lead to an anti-parkinsonism effect.’®
Currently, only one anti-glutamatergic pharmacotherapy, amanta-
dine, is used clinically to treat PD. Amantadine has been shown to
noncompetitively block NMDARs at therapeutic concentrations in
the central nervous system, supporting the association between
NMDA and PD.*® Unfortunately, the precise role of NMDAR-medi-
ated excitotoxicity in PD progression has not been established and
thus remains unclear.

With this supporting data, we hypothesized that dopaminergic
neuronal degeneration seen in PD could result from a single nucleo-
tide polymorphism (SNP) in the NMDAR. The glutamate ionotropic
receptor NMDA type subunit 2A (GRIN2A) gene encodes for an ep-
silon subunit of NMDAR (ie, NMDAR2A). No studies have focused
on an association between the SNP of the GRIN2A gene and PD sus-
ceptibility. However, four studies to date have established an inter-
action between rs4998386 polymorphisms of the GRIN2A gene and
caffeine on PD risk. Though these studies were not performed to
establish association between GRIN2A rs4998386 SNP and PD, we
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extracted relevant data from these studies to perform a meta-anal-
ysis exploring the relationship between the rs4998386 SNP of the
GRIN2A gene and PD susceptibility.

2 | MATERIALS AND METHODS

This meta-analysis was conducted in accordance with the guidance
of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.** All collected data were extracted
from published studies, without ethical issues.

2.1 | Literature search

We searched PubMed, EMBASE, Web of Science, Google Scholar,
and China National Knowledge Infrastructure for studies published
between January 2005 and January 2019. Searches were conducted
using the following keywords and phrases: “GRIN2A gene polymor-
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phism,” “glutamate ionotropic receptor NMDA type subunit 2A gene
polymorphism,” “NMDAR2A gene polymorphism,” or “rs4998386
polymorphism” in combination with “Parkinson's disease,” “idio-
pathic disease,” or “neurodegenerative disease.” Titles and abstracts
were screened and full text was acquired for all papers. Those that
met inclusion criteria were manually reviewed for confirmation of
their eligibility. Screening, report retrieval, and inclusion/exclusion
of studies were conducted by two authors (G. N. and R. O.). Any
uncertainty about study eligibility was resolved through discussion

with the third author.

2.2 | Eligibility criteria

Studies conducted on human subjects were included, without limita-
tion of study language. In this meta-analysis, all included studies met
the following criteria: (a) studies focused on the association between
rs4998386 polymorphism and PD susceptibility, (b) patients with PD
were diagnosed using standard diagnostic criteria by a neurologist,
and (c) there were sufficient data of the genotypes in the case-con-
trol groups to evaluate the odds ratios (ORs) and 95% confidence
intervals (Cls). The exclusion criteria were: (a) publications with
overlapping cases and controls from a similar study, (b) no genotypic
data available, and (c) publications with patients with other forms of
parkinsonism.

2.3 | Data abstraction and assessment of
methodological quality

Relevant data from each study, along with their supplementary files,
were independently extracted by two reviewers (G. N. and R. O.)
using a standardized, structured methodology that included the
following: first author, type of design, site of study, patient ethnic-
ity, year of publication, sample size of cases and controls, control
design, Hardy-Weinberg equilibrium, source of DNA, genotyping
method, and data of the genotypes in the case-control groups. The
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methodological quality of each study was assessed independently
by two reviewers (G. N. and R. O.) using the parameters previously
used by Kumar et al.’® In this scale, the following sections were in-
cluded for assessment of methodological quality: representativeness
of cases, source of controls, matching of controls, ascertainment of
cases, ascertainment of controls, blinding while genotyping, geno-
typing methods, Hardy-Weinberg equilibrium, and association as-
sessment. A maximum score of 2 can be provided for each section
listed, except source of controls (maximum 3), ascertainment of con-
trols (maximum 1), blinding while genotyping (maximum 1), and as-
sociation assessment (maximum 1). Methodological quality of scale
score varies from 0 to 16, in which higher scores represent better
quality and lower scores represent lower quality. Any discrepancies
during data extraction and quality assessment were resolved by dis-

cussion with the third author.

2.4 | Statistical analysis

The association between the rs4998386 polymorphism and PD sus-
ceptibility was evaluated by calculating the pooled ORs and 95% Cls.
Heterogeneity between the included studies was determined with
Cochran's Q test and the I? test. The presence of P values above
.1 or I> more than 50% was considered an indicator of significant
heterogeneity. When significant heterogeneity was present, we se-
lected the random-effects model to calculate the effects size. Three

genetic models were examined: the allelic model (T allele vs C allele),

the dominant model (TT + TC vs CC), and the recessive model (TT
vs CC + TC). Subgroup analyses were conducted according to geo-
graphic location. Sensitivity analysis was performed to examine the
stability of analysis. Egger's linear regression test and Begg's test
were used to identify publication biases. Statistical analysis was
performed using Comprehensive Meta-Analysis software (CMA 3.3,
Biostat, 2014).

3 | RESULTS

3.1 | Literature search

The results of the systematic literature search and selection are
summarized in Figure 1. We identified 58 articles through various
database searching. After excluding duplicates, 26 articles remained.
Screening titles and abstracts of these 26 articles resulted in seven
relevant abstracts. After inclusion and exclusion criteria, four studies
were chosen for final data analysis.

3.2 | Study and patient characteristics

Our research included four studies with data from 12 different
cohorts. All studies used a case-control design. There were 5783
cases and 8788 controls in our study. Hamza et al used four differ-
ent cohorts from the United States in their study: (i) NeuroGenetics

Research Consortium (NGRC); (ii) Parkinson, Environment and Gene
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(PEG); (iii) Parkinson's, Genes, and Environment (PAGE) from the pro-
spective NIH-AARP Diet and Health Study cohort; and (iv) Hussman
Institute for Human Genomics (HIHG).16 Yamada-Fowler et al used

.Y Ahmed et al used two cohorts from the United

a Swedish cohor
States, and one from France and Denmark, respectively.'® The study
by Kim et al was composed of participants from three longitudinal
cohorts: the Nurses’ Health Study (NHS), the Health Professionals
Follow-up Study (HPFS), and the Cancer Prevention Study Il
Nutrition Survey cohort (CPS-1IN).* Allelic and genotypic data from
each cohort are illustrated in Table 1.

Of the 12 different cohorts included in our study, nine were from
the United States, with all included participants of Caucasian race.
Methods of PD case and control ascertainment are given in Table 2.
Allincluded cohorts reached Hardy-Weinberg equilibrium in their con-
trol population. For genotyping, the TagMan assay method was most
commonly used among cohorts, though some applied the lllumina
HumanOmnil-Quad v1.0, Sequenom MassARRAY and Perlegen plat-
form. All cohorts used population-based controls with DNA sourced
from whole blood, saliva, and buccal samples. According to quality-
assessment tools, the methodological quality score ranged from 8 to
12, meaning no study analyzed was of low quality. Detailed study and

patient characteristics are tabulated in Table 1.

3.3 | Meta-analysis

Due to significant heterogeneity within studies in the allelic and domi-
nant models, we used a random-effects model to estimate pooled
ORs and 95% Cls. The recessive model was without heterogeneity, so
we used a fixed-effects model to estimate pooled ORs and 95% Cls.
Meta-analysis results did not show a significant association between
the rs4998386 polymorphism of the GRIN2A gene and PD suscepti-
bility when assuming an allelic model (OR, 0.90; 95% Cl, 0.76-1.07;
P = .22; 12 = 53%), a dominant model (OR, 0.96; 95% Cl, 0.82-1.12;
P =.62; I>= 64%), or a recessive model (OR, 1.14; 95% Cl, 0.93-1.38;
P = .22; I? = 0%). Forest plots of the results for the allelic, recessive,
and dominant models are demonstrated in Figures 2-4, respectively.

There was no evidence of publication bias on the allelic model
(Egger's test: P = .36; Begg's test: P = .71), recessive model (Egger's
test: P = .75; Begg's test: P = .53), or dominant model (Egger's test:
P = .28; Begg's test: P = .63). In addition, on inspection of the funnel
plot, publication bias was not obvious. Funnel plots for the detection
of publication bias in the allelic, recessive, and dominant models are
demonstrated in Figures 5-7, respectively.

For all three genetic models, we sequentially excluded a sin-
gle study from the pooled analysis and recalculated the sum-
mary ORs to check whether the summary ORs were significantly
changed. The recalculated ORs also indicated stability of analy-
sis. We performed a subgroup analysis based on the geographi-
cal location of the study (Europe vs America). In the allelic model,
the rs4998386 polymorphism was not associated with PD in ei-
ther Europeans (OR, 0.73; 95% Cl, 0.49-1.09; P = .12) or white
Americans (OR, 0.92; 95% Cl, 0.77-1.11; P = .4). In the dominant
model, the rs4998386 polymorphism was not associated with PD

— WILEY- "

in either Europeans (OR, 0.87; 95% Cl, 0.69-1.11; P = .26) or white
Americans (OR, 1; 95% Cl, 0.81-1.23; P = 1). Similarly, in the reces-
sive model, the rs4998386 polymorphism was not associated with
PD in either Europeans (OR, 1.12; 95% Cl, 0.61-2.04; P = .72) or
white Americans (OR, 1.13; 95% Cl, 0.92-1.40; P = .24).

4 | DISCUSSION

While the NMDAR s involved in synaptic plasticity and learning, its
excessive activation results in excitotoxic neuronal damage, which is
hypothesized to be a mechanism underlying several neurologic and
neurodegenerative disorders. Increased glutamatergic transmission
through the NMDAR is believed to play a role in the degeneration
of the nigrostriatal dopaminergic pathway seen in PD pathophysiol-
ogy. This deterioration leads to significant changes in striatal circuit
structure and function, including modifications of the corticostriatal
glutamatergic synaptic architecture and, consequently, loss of striatal
synaptic plasticity and dopaminergic neurons.?° In addition, continu-
ous mass activation of NMDARs increases intracellular calcium loads
and catabolic enzyme activities, triggering a cascade that leads to
cell death.® Various animal models of PD have shown that NMDAR
antagonists alleviate symptoms of PD.® In animal models, NMDAR
antagonists are effective antiparkinsonian agents and can reduce the
complications of chronic dopaminergic therapy, such as “wearing off”
and dyskinesias.21 Amantadine, an NMDAR antagonist, has been used
clinically for treatment of dyskinesias and motor fluctuations in pD.1

The neuronal NMDAR signaling has been found to be an import-
ant pathway in the development and progression of schizophrenia, 2223
epilepsy,2*?°> Huntington's disease,?*?® depression,?’ Alzheimer's dis-
ease,’® and other neurodevelopmental disorders.? Recently, some
studies have explored the interaction between genetic alterations
of NMDAR, coffee intake, and risk of PD. Hamza et al and Yamada-
Fowler et al found GRIN2A to be a PD modifier gene via interaction
with coffee.!®'” However, results from studies of Ahmed et al and Kim
et al were not in favor of an interaction between caffeinated coffee
consumption and rs4998386 for PD risk.*®?

Apart from GRIN2A, genetic alteration in other subunits of NMDARs
are also associated with PD. A study by Wu et al found that polymor-
phisms in the GRIN1 and GRIN2B genes may serve as potential biomark-
ers for a reduced risk of PD among the Chinese population in Taiwan.>!
Lee et al and Abidin et al found that polymorphisms in the GRIN2B gene
were associated with an increased risk of developing impulse-control
behaviors among PD patients.®?3 Therefore, genetic alteration in sub-
units of NMDARs do have involvement in the pathophysiology of PD.
No study has primarily studied the association between the rs4998386
polymorphism of the GRIN2A gene of NMDAR and PD risk. Therefore,
we conducted a meta-analysis to examine the association between the
rs4998386 polymorphism of the GRIN2A gene and PD risk.

Our meta-analysis found that the rs4998386 polymorphism is not
associated with PD in Europeans or white Americans in any of the three
genetic models, though our results may have been influenced by several
factors. Given assumptions that PD is multi-determined and that the
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit Z-Value P-Value
Hamza etal (2011)'®, NGRC 0665 0543 0813 -3965 0.000 B
Hamza et al (2011)'°, PEG 0.835 0559 1249 -0877 0.381
Hamza et al (2011)'¢, PAGE 0.952 0739 1.226 -0383 0.702
Hamza et al (2011)'¢, HIHG 1141 0661 1972 0474 0636
Yamada-Fowler et al (2014)7  0.731 0492 1.087 -1549 0.121
Kim et al (2018)"°, HPFS 0918 0651 1.295 -0485 0628
Kim et al (2018)'®, NHS 1.133 0.889 1.444 1.008 0.314
Kim et al (2018)'°, CPS-IIN 1149 0701 1884 0552 0.581

0900 0.760 1.066 -1225 0.221

0.01 0.1 1 10 100

FIGURE 2 Forest plot of the results for allelic model. Cl, confidence interval; CPS-1IN, Cancer Prevention Study Il Nutrition Survey;
HIHG, Hussman Institute for Human Genomics; HPFS, Health Professionals Follow-up Study; NGRC, NeuroGenetics Research Consortium;
NHS, Nurses' Health Study; PAGE, Parkinson's, Genes, and Environment from the prospective NIH-AARP Diet and Health Study; PEG,
Parkinson, Environment and Gene

Meta-analysis FIGURE 3 Forest plot of the results
for recessive model. Cl, confidence
interval; CPS-1IN, Cancer Prevention
Study Il Nutrition Survey; HIHG,

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value P-Value

Hamza et al (2011)'®, NGRC 0694 0305 1580 —0870 0384 —} Hussman Institute for Human Genomics;
Hamza et al (2011)'¢, PEG 0.734 0205 2629 -0475 0635 —_— HPFS, Health Professionals Follow-up
Hamza et al (2011)°, PAGE 2569 0886 7.444 1738 0.082 —— Study; NGRC, NeuroGenetics Research
Hamza et al (2011)'®, HIHG 2576 0285 23296 0842 0400 — ,
Yamada-Fowler etal (2014)"7 1575 0418 5932 0671 0502 —_— Consortium; NHS, Nurses’ Health
Ahmed et al (2014)'®, France 0796 0.154 4.127 —-0272 0.786 —_— Study; PAGE, Parkinson's, Genes, and
Ahmed et al (2014)'®, Denmark ~ 1.083 0.514 2281 0210 0.833 — Environment from the prospective
Ahmed et al (2014)'%, Seattle 3072 0789 11959 1619 0106 .
Ahmed etal (2014)"®, Rochester  0.141 0.007 2751 —-1.292 0.196 NIH-AARP Diet and Health Study; PEG,
Kim et al (2018)"°, HPFS 0372 0.047 2951 -0935 0350 Parkinson, Environment and Gene
Kim et al (2018)"°, NHS 1.154 0889 1.497 1.076 0.282
Kim et al (2018)'®, CPS-IIN 1173 0691 1990 0591 0554
1.147 0940 1.400 1.349 0177
001 0.1 1 10 100
Meta-analysis
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value P-Value
Hamza et al (2011)"%, NGRC 0627 0510 0771 -4413 0.000 [ ]
Hamza et al (2011)'6, PEG 0802 0526 1224 -1022 0307
Hamza et al (2011)'®, PAGE 1157 0887 1509 1.074 0.283
Hamza et al (2011)'®, HIHG 1132 0643 1994 0429 0668
Yamada-Fowler et al (2014)"" 0653 0421 1.012 -1906 0.057
Ahmed et al (2014)'8, France 1112 0780 1587 0588 0557
Ahmed et al (2014)'®, Denmark ~ 0.861 0713 1.040 -1555 0.120
Ahmed et al (2014)'®, Seattle 1.384 0988 1.938 1.892 0.058
Ahmed et al (2014)'®, Rochester 0.946 0649 1379 -0288 0.773
Kim et al (2018)'°, HPFS 0949 0659 1366 -0282 0778
Kim et al (2018)'°, NHS 1181 0909 1536 1.244 0214
Kim et al (2018)'®, CPS-IIN 1173 0691 1990 0591 0554
0961 0821 1124 -0499 0618
001 01 1 10 100

FIGURE 4 Forest plot of the results for dominant model. Cl, confidence interval; CPS-IIN, Cancer Prevention Study Il Nutrition Survey;
HIHG, Hussman Institute for Human Genomics; HPFS, Health Professionals Follow-up Study; NGRC, NeuroGenetics Research Consortium;
NHS, Nurses' Health Study; PAGE, Parkinson's, Genes, and Environment from the prospective NIH-AARP Diet and Health Study; PEG,
Parkinson, Environment and Gene

GRIN2A polymorphism alone is uncommon and small in effect, our power predisposing carriers to increased PD risk. In two of the three genetic
to detect genetic effects may have been reduced. PD is a multigenic models, statistically significant heterogeneity was evident. Several as-

disorder, with combined effects of multiple genotype polymorphisms pects may contribute to this heterogeneity, including the diagnostic
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criteria used, early/late-onset PD ratio, sex ratio, mean allele frequency,
methods of genotyping, and source of DNA. Moreover, heterogeneity
may also be due to the variations in age and environmental factors.

In addition, the following study limitations should be acknowl-

edged. First, only people of European ancestry were included in

our study. Therefore, results should be cautiously interpreted.
Second, some useful information, such as diagnostic criteria, clin-
ical stage of PD, onset age of PD patients, and other environmen-
tal factors, was not available. Third, significant heterogeneity was

evident in our meta-analysis. Lastly, gene-gene interaction and
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gene-environment interaction could not be analyzed due to lack

of sufficient data.

5 | CONCLUSION

Our meta-analysis found that the rs4998386 polymorphism of the
GRIN2A gene is not associated with risk of PD in either Europeans
or white Americans. However, considering the study limitations,
large sample studies with different ethnicities should be conducted
to establish the role of the rs4998386 polymorphism in PD patho-
physiology. Furthermore, age of onset, sex, and environmental
factors that interact with rs4998386 polymorphisms should be
investigated.
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