

  ijms-23-15381




ijms-23-15381







Int. J. Mol. Sci. 2022, 23(23), 15381; doi:10.3390/ijms232315381




Communication



Two Single Nucleotide Polymorphisms in the Purinergic Receptor P2X7 Gene Are Associated with Disease Severity in Multiple Sclerosis



Franca Rosa Guerini 1[image: Orcid], Cristina Agliardi 1,*[image: Orcid], Elisabetta Bolognesi 1[image: Orcid], Milena Zanzottera 1, Domenico Caputo 1, Maria Barbara Pasanisi 1, Marco Rovaris 1 and Mario Clerici 1,2[image: Orcid]





1



IRCCS Fondazione Don Carlo Gnocchi, ONLUS, 20148 Milan, Italy






2



Pathophysiology and Transplantation Department, University of Milan, 20122 Milan, Italy









*



Correspondence: cagliardi@dongnocchi.it; Tel.: +39-0240308342; Fax: +39-0240308438







Academic Editors: Efthimios Dardiotis, Vasileios Siokas and Ioannis Liampas



Received: 10 November 2022 / Accepted: 2 December 2022 / Published: 6 December 2022



Abstract

:

Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease of the central nervous system (CNS) that leads to progressive physical disability. Recent evidence has suggested that P2X7 receptor (P2X7R)-mediated purinergic signalling pathways play a role in MS-associated neuroinflammation, possibly contributing to disease pathogenesis. To evaluate possible associations between P2X7R polymorphisms and MS disease severity, we performed an association study of five non-synonymous SNPs coding variants of the P2X7R gene: rs1718119 Ala348Thr, rs2230911 Thr357Ser, rs2230912 Gln460Arg, rs3751143 Glu496Ala, and rs28360457 Arg307Gln, modulating P2X7R expression in 128 MS patients (relapsing remitting MS, RRMS: n = 94; secondary progressive, SPMS: n = 34). All patients were genotyped, and multiple sclerosis severity score (MSSS) was evaluated in every case; 189 healthy subjects were enrolled as well as controls. Results showed that P2X7R rs1718119(A) 348Thr and rs22390912(G) 464Arg, two SNPs of minor allele frequency (MAF) known to confer gain of function to the P2X7R protein, were associated with significantly higher MSSS in RRMS patients alone (SMRR (p < 0.001, p = 0.01, respectively)). Interestingly, two whole haplotypes resulted in having significant association with MSSS in these same patients. Thus: (1) the P2X7R-4 “ACGAG” haplotype, characterized by the co-presence of the rs1718119-rs2230912 AG MAF alleles, was associated with higher MSSS (Beta: 1.11 p = 0.04), and (2) the P2X7R-1 “GCAAG” complementary haplotype, which contains the rs1718119 and rs2230912 GA wild-type alleles, was more frequently carried by patients with lower MSSS and less severe disease (Beta: −1.54 p < 0.001). Although being preliminary and needing confirmation in an ampler cohort, these results suggest that 348Thr and 464Arg variants have a role as modulators of disease severity in RRMS patients.
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1. Introduction


Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease of the central nervous system (CNS) that mainly affects young adults and leads to progressive physical disability [1]. The aetiology of such a condition is still unknown, although genetic, hormonal, latitude, and viral infections have been identified as risk factors [2] of MS onset. The disease is characterized by glial cell activation and infiltration of peripheral immune cells, resulting in the development of focal demyelinated lesions in the white and the grey matter of the cortex, the basal ganglia, the brain stem, and the spinal cord, with subsequent diffuse neurodegeneration [3]. From a clinical standpoint, different MS phenotypes can be recognized. Thus, clinically isolated syndrome (CIS) refers to the first clinical episode suggestive of demyelination of the CNS, while radiologically isolated syndrome (RIS) characterizes individuals who present with incidental brain MRI findings similar to those observed in patients with MS but who clinically have no signs of MS. Patients with CIS or RIS are at high risk of developing either relapsing–remitting MS (RRMS), the most common form of the disease, or primary progressive MS (PPMS). Notably, over time RRMS often evolves into secondary progressive MS (SPMS), a progressive disability with or without superimposed relapses [4,5].



Activation of the purinergic receptor P2X7 (P2X7R) is believed to be deleterious in autoimmune diseases and was recently hypothesized to play a role in the pathogenesis of MS [6,7]. Thus, P2X7R is a major driver of inflammation [8,9], playing an important role in the activation of T lymphocytes, mast cells, macrophages, dendritic cells, and polymorphonuclear neutrophilic granulocytes [10,11,12]. In the CNS, in particular, P2X7R is expressed by microglia, and its activation contributes to the release of interleukin 1 β (IL1β), a potent pro-inflammatory cytokine. P2X7R is an ATP-gated non-selective cationic channel that allows the passage of K+, NA+, and Ca+ through the cell membrane, and its activation can be driven by high concentrations of ATP and leads to the generation of large, cytolytic conductance pores [13,14]. Notably, besides its pore-forming effect, P2X7R activation can also result in apoptosis as a consequence of the activation of the caspase cascade via P2X7R-dependent stimulation of the NLRP3 inflammasome [15,16].



A number of non-synonymous single nucleotide polymorphisms (SNPs) have been identified in the gene encoding the human P2X7R on chromosome 12q24.3. In particular, four SNPs (rs1718119(G>A) Ala348Thr, rs2230911(C>G) Thr357Ser, rs2230912(A>G) Gln460Arg, and rs3751143(A>C) Glu496Ala), which form a haplotype block spanning exons 11 to 13 of the P2X7R gene, were suggested to modulate P2X7R expression and the subsequent secretion of IL1β [17]. Interestingly, the minor allele variant rs1718119(G>A) Ala348thr, together with rs2230912(A>G) Gln464Arg, was reported to result in a gain of receptor function, thus influencing a proinflammatory condition associated with inflammatory disorders such as rheumatoid arthritis, Sjogren’s syndrome, and systemic juvenile idiopathic arthritis [18]. Conversely, the rs2230911(C>G) Thr357Ser and the rs3751143(A>C) Glu496Ala variants were suggested to confer a reduced receptor function [19,20].



Recent results showed that glial cells expressing purinergic P2X7R are involved in the initial pathological mechanisms of disease, playing a role in experimental autoimmune encephalomyelitis (EAE) as well [21]. Thus, evidence from experimental studies using the EAE model of MS showed that microglia cells induce neuroinflammation via a P2X7R-dependent mechanism. Additional support to the possible role played by P2X7R in MS stems from the observation that rs28360457 (G>A) SNP coding for the Arg307Gln variant in the haplotype blocks P2X7R gene [22,23], resulting in reduced receptor function, which has been shown to associate with protection against MS risk [22].



In the attempt to shed further light on the role played by P2X7R in MS pathogenesis, we evaluated the possible correlations between P2X7R SNPs and haplotypes and clinical parameters of MS severity.




2. Results


2.1. Clinical Assessment


Demographic and clinical data of the 128 MS patients (34 SPMS and 94 RRMS) and the 189 healthy controls (HCs) enrolled in the study are summarized in Table 1. HCs were older, as per selection criteria, (54.3 ± 13.2) than both SPMS (32.3 ± 10.8) and RRMS (30.4 ± 10.1) (p < 0.001) patients to reduce enrolling false negative individuals as HCs.



Not surprisingly, multiple sclerosis severity score (MSSS) was significantly higher in SPMS (7.0 ± 2.2) compared to RRMS (3.6 ± 2.7) patients (p < 0.001); expanded disability status scale (EDSS), as well as disease duration, was higher in SPMS than in RRMS (p < 0.01). HLA-DRB1*15 was significantly more expressed in overall MS patients (<0.001) compared to HCs, confirming the association between the disease and this allele.




2.2. P2X7R Polymorphisms


All the individuals enrolled in the study were genotyped for the following P2X7R SNPs: rs1718119(G>A) Ala348Thr, rs2230912(A>G) Gln464Arg, rs2230911(C>G) Thr357Ser, rs3751143(A>C) Glu496Ala, and rs28360457 (G>A) Arg307Gln. Genotype distribution showed that all the variants were in Hardy–Weinberg equilibrium in each group, and no statistical difference in distribution between groups was evidenced (Supplementary Table S1).



Possible correlations between P2X7R SNPs genotypes, gender, age at disease onset, disease duration, and MSSS were evaluated next in all MS patients. A significant correlation between rs1718119 (G>A) Ala348Thr (p = 0.02) and higher MSSS values was evidenced in the overall group of MS patients. To summarize: (1) higher MSSS values were observed in patients carrying the minor allele frequency (MAF) rs1718119 (A):(AA+AG) compared to those carrying the major allele homozygous genotype (GG) (p = 0.005); and (2) higher MSSS scores were seen in patients carrying the MAF rs2230912(G):(GG+AG) genotype compared to those carrying the major allele homozygous genotype (AA) (p = 0.03) (Table 2).



Correlations between MSSS scores and P2X7R genotypes were then analysed upon dividing MS patients into those with a diagnosis of either SPMS or RRMS. Results indicated the presence of a statistical association between rs1718119(A) and rs2230912(G) MAF and higher MSSS scores in RRMS (p < 0.001 and p = 0.01, respectively) but not in SPMS patients.



In particular, significantly higher MSSS scores were observed in RRMS patients carrying the MAF rs1718119(A) than in those carrying the homozygous (GG) genotype (p < 0.001); similarly, rs2230912 (G)-carrying RRMS patients were characterized by higher MSSS scores compared to those carrying the (AA) genotype (p = 0.01). No associations between P2X7R variants and MSSS were observed in patients with a diagnosis of SPMS (Table 2). Finally, no association of P2X7R variants with gender nor with age at onset and disease duration was evidenced in the overall group of MS patients.



A forward stepwise binary logistic regression analysis was finally performed to evaluate the possible association of MAF rs1718119(A) and rs2230912(G) (imputed as dependent variables) and MSSS after correction for factors known to influence disease severity, including age at onset, disease duration, DRB1*15 positivity, and gender, which were inputted as covariates. Significant associations were confirmed for rs1718119 (A) (p ≤ 0.01; OR:1.2, 95%CI:1.0–1.4 and p < 0.001; OR:1.1, 95%CI:1.2–1.8, respectively) and rs2230912(G) (p = 0.04; OR:1.2, 95%CI: 1.0–1.3 and p = 0.01; OR: 1.3, 95%CI: 1.1–1.5) and MSSS scores in the overall group of MS patients and in those with a diagnosis of RRMS. Again, no association was observed in SPMS patients.




2.3. Haplotype Analyses


Haplotype analyses were performed next to evaluate the possible presence of a linkage disequilibrium in SNPs between MS patients and HCs. A moderate R2 = 0.28 linkage disequilibrium was observed between rs1718119 (G>A) and rs2230912(A>G) (Figure 1). Haplotype distribution in MS and HCs and the association between MS haplotypes with MSSS values are summarized in Table 3. Haplotype frequency of distribution did not reveal any skewing between MS patients and HCs (Table 3).



Analysis of haplotype correlation with MSSS scores showed that the rs1718119(G>A), rs2230911(C>G), rs2230912(A>G), rs3751143(A>C), and rs28360457 (G>A) “GCAAG” called P2X7R-1 haplotype has a possible protective effect against MS severity. Thus, this haplotype was significantly associated with lower MSSS values both in the overall group of patients (Beta = −0.94 p = 0.01) and in RRMS patients (Beta: −1.54 p < 0.001). Notably, the P2X7R-4 “ACGAG” haplotype was instead weakly associated with higher MSSS in RRMS patients alone (Beta: 1.11 p = 0.04).



Once again, no significant correlation emerged between any haplotype and MSSS values observed in SPMS patients.





3. Discussion


Herein, we performed an association study of five non-synonymous SNPs coding functional variants of the P2X7R gene in relationship with MS development and disease severity. MS severity was assessed by MSSS, a disease-stratification method that combines disability scores (EDSS) and disease duration, and scores are calculated based on the distribution of EDSS within groups of MS patients of similar disease duration. Results showed that RRMS patients carrying the MAF of rs1718119(A) coding for a threonine in position 348 and the MAF of rs22390912 (G) coding for an arginine at position 464, two SNPs suggested to confer a gain of function to the P2X7R protein, had higher MSSS than those carrying the major alleles (coding for alanine and glycine, respectively). Because patients with low MSSS tend to progress at slower rates than those with higher MSSS, these data indicate that increased P2X7R activity is associated to more severe disease in RRMS. Notably, the association of MAF of rs1718119(A) and rs22390912(G) with higher MSSS was confirmed by regression analysis that included age of disease onset, gender, and the major genetic risk factor for MS onset, HLA-DRB1*15, as covariates. No correlations were evidenced between MSSS and the other three P2X7R SNPs (rs2230911 Thr357Ser, rs2836045 Arg307Gln, and rs28360457 Arg307Gln) we examined; these SNPs were suggested to confer loss of receptor function. Finally, our results did not confirm the possible protective role of rs28360457 Arg307Gln against MS development [22], probably due to the very low percentage of subjects carrying this variant.



In contrast with the results obtained in RRMS, no stratification of MSSS values in relationship with P2X7R polymorphisms was evidenced in patients with a diagnosis of SPMS. This discrepancy is likely the consequence of the fact that in this group of patients the disease severity, as evaluated by MSSS, was very high in all cases or, alternatively, could be due to the small number of SPMS patients analysed. It is nevertheless important to underline that, in comparison to RRMS, the extent of inflammation is lower in patients with SPMS, in whom degeneration prevails over inflammation [24]. RRMS is characterized by alterations of the blood–brain barrier (BBB) damage and by extensive infiltration of peripheral immune cells into the cerebrospinal fluid (CSF): autoreactive T and B lymphocytes, as well as monocytes, dendritic cells, and natural killer T cells, are seen in the CSF and concur in generating the neuroinflammatory milieu that plays a pivotal role in the pathogenesis of MS. As the disease progresses, the infiltration of peripheral immune cells through the BBB declines, and the inflammatory reaction is maintained only by microglia and astrocytes. P2X7R is the major actor in triggering and maintaining inflammation and in activating immune cells, leading to the release of IL1β, a potent proinflammatory cytokine. The biological role of this receptor being geared toward inflammation thus could explain the observation that P2X7R SNPs, resulting in protein gain of function, are associated with higher MSSS in RRMS alone, a stage of the disease that is primarily driven by inflammation. Notably, an increased expression of P2X7R was observed in demyelinating plaques adjacent to blood vessels within activated microglial cells/macrophages of post mortem collected tissues from SPMS patients [25] and in circulating monocytes of RRMS patients during disease relapse.



Since the P2X7R SNPs we analysed were suggested to be in linkage disequilibrium [17], haplotype segregations and their association with MSSS were evaluated too. Results confirmed the presence of moderate linkage disequilibrium between rs1718119 and rs22390912 SNPs, but no difference in haplotype distribution, was observed between patients and controls. Two whole haplotypes resulted nevertheless to be significantly associated with disease severity. Thus: (1) the P2X7R-4 “ACGAG” haplotype, which sees the co-presence of rs1718119-rs2230912 AG MAF alleles, was associated with a higher MSSS, and (2) the P2X7R-1 “GCAAG” complementary haplotype, which contains the rs1718119 and rs2230912 GA wild-type alleles, was more frequently carried by patients with lower MSSS and a less severe course of the disease. Analyses of whole haplotypes are important because of the co-presence of polymorphisms responsible for either gain (rs1718119 Ala348Thr and rs2230912 Gln464Arg) or loss of function (rs2230911 Thr357Ser, rs3751143 Glu496Ala, and rs28360457 Arg307Gln), which may counterbalance the effect of each other. It is noteworthy to underline that the P2X7R-4 “ACGAG” haplotype we observed to be associated with higher MSSS and more severe MS disease includes the haplotype previously shown to result in higher IL-1β production by monocytes, which could be completely suppressed by selective P2X7R antagonists [17].



P2X7R activation is suggested to be present in MS, and P2X7R-mediated purinergic signalling pathways are suspected to play a role in MS-associated neuroinflammation, possibly contributing to the pathogenesis of MS. This possibility was recently reinforced by results indicating that pharmacological blockade of P2X7R by brilliant blue G (BBG), its selective antagonist, delays the onset of the disease and alleviates clinical symptoms in EAE [26]. These results led to the suggestion that P2X7R should be considered as a target for a personalised therapeutic intervention in MS [21], with the potential of slowing down disease progression at least in the first phase of the disease.



A limitation of this study is represented by the limited number of SPMS patients and by the lack of patients with a diagnosis of primary progressive disease (PPMS). To this end, a replication study focusing on a larger cohort of MS patients with different disease phenotypes is planned. Analyses of possible correlations between P2X7R genotype and immune parameters in relationship with disease severity would be useful extensions of the current study. Finally, because RRMS can but does not always evolve into SPMS over time, it will be interesting to verify in longitudinal studies whether the presence of the gain-of-function P2X7R polymorphisms Arg464 and Thr348 SNPs will be able to predict which RRMS patients will develop SPMS.




4. Materials and Methods


4.1. Patients and Controls


A total of 128 patients with a diagnosis of multiple sclerosis according to McDonald’s revised diagnostic criteria [27] were enrolled (mean age at onset ± standard deviation (SD): 30.9 ± 10.3) at the Multiple Sclerosis Unit of IRCCS Fondazione Don Gnocchi ONLUS in Milano, Italy. Thirty-four of these patients had a diagnosis of SPMS, whereas 94 were diagnosed as being affected by RRMS disease. MSSS was calculated for both RRMS and SPMS patients. MSSS is a valid parameter of disability rate, taking into consideration both EDSS and disease duration [28]. One hundred and eighty-nine additional subjects were enrolled as HCs among the hospital staff. Exclusion criteria for HCs were the presence of neurological and/or autoimmune disorders. Moreover, since the average age of MS diagnosis globally is 32 years old [1], only HCs older than 34 years (54.3 ± 13.2) were enrolled to reduce the risk of analysing false healthy controls. Demographic data of patients and controls are reported in Table 1. All the subjects were characterized for HLA-DRB1*15 positivity, at present the strongest genetic risk factor for MS [29].



Informed consent was obtained from all the individuals before inclusion in the study. The study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the institutional review board of the Don Carlo Gnocchi ONLUS Foundation, Milan (protocol number: #11_27/06/2019).



4.1.1. Samples Collection and DNA Extraction


Whole blood was collected in 3 mL EDTA-containing vacutainer tubes (Becton Dickinson Co., Rutherford, NY, USA); genomic DNA was extracted from blood using standard phenol/chloroform procedures. Phenol chloroform extraction was performed by inducing cell lysis and DNA release with sodium dodecylsulfate (SDS) and proteinase K. Next, a phenol/chloroform/isoamyl alcohol mixture was added to the cell lysate to separate the proteins from the DNA [30]. The amount of DNA present in each sample was determined by measuring the optical density at 260 nm wavelengths using a Nanovue spectrophotometer (GE Healthcare, Chicago, IL, USA). DNA samples were stored at −20 °C until use.




4.1.2. P2X7R SNPs Genotyping


P2X7R SNPs were evaluated by allelic discrimination real-time PCR using pre-designed TaqMan™ probes (Thermo Fisher Scientific, Waltham, MA, USA), in particular C_11704039_10 for rs1718119, C_15853705_20 for rs2230911, C_15853715_20 for rs2230912, C_27495274_10 for rs3751143, and C__59964938_10 for rs28360457. PCR consisted of a hot start at 95 °C for 10 min followed by 40 cycles of 94 °C for 15 s and 60 °C for 1 min. Fluorescence detection took place at 60 °C. Assays were performed in 10 μL reactions using 1 μL of DNA at 50 ng/μL, using TaqMan Genotyping Master Mix on 96-well plates using a CFX96 instrument (BioRad, Hercules, CA, USA). Control samples representing all possible genotypes and negative control were included in each reaction.




4.1.3. HLA-DRB1*15 Characterization


The presence of the HLA-DRB1*15 allele, either in heterozygous or homozygous form, was inferred by the genotyping of the tag SNP rs3135388 [31] by allelic discrimination real-time PCR with the TaqMan™ C__27464665_30 probe and following the procedure described above.




4.1.4. Statistical Analysis


Chi-square analysis was applied to verify that populations were in Hardy–Weinberg equilibrium. Genotype and MAF comparisons between groups were performed by chi-square evaluation in 3X2 and 2X2 tables of contingency. Two-sided p values after Bonferroni’s correction (pc) for the degree of freedom (df) were calculated, and the significance threshold was set at p < 0.05. ANOVA comparisons were performed to correlate P2X7R SNP genotypes and MAF association with MSSS. Binary logistic forward stepwise regression analysis was performed to evaluate the association of MAF rs1718119(A):(AA+AG) and rs2230912(G):(GG+AG) (imputed as dependent variables) and MSSS values after correction for factors that may influence MS severity such as age at onset, disease duration, DRB1*15 positivity, and gender, which were calculated as covariates. The odds ratio (OR) and its 95% confidence interval (CI) were used to measure the MAF association with the clinical scores. Statistical analyses were performed using SPSS software (v.28, IBM, in Armork, NY, USA).



Haplotype analysis of distribution and MSSS association were performed by Shesis plus online software (http://analysis.bio-x.cn, (accessed on 1 October 2022)) [32,33] and plink (gPLINK released under GNU GPLv2, http://pngu.mgh.harvard.edu/~purcell/plink/ (accessed on 1 October 2022)) software vs 2.020 [34].






5. Conclusions


These results confirm that P2X7R plays a role in RRMS severity and suggest that P2X7R could be considered as a target to design personalised therapeutic and rehabilitative intervention protocols in MS. Specifically, evidence herein allows us to speculate that the P2X7R 348Thr and 464Arg variants have a role as modulators of disease severity in MS patients, which deserves to be further investigated.
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Figure 1. Linkage disequilibrium analysis (R2) for five P2X7R SNPs: rs1718119, rs2230911, rs2230912, rs3751143, and rs28360457. 
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Table 1. Demographic and clinical data of MS patients with secondary chronic progressive disease course (SPMS), patients with relapsing–remitting MS (RRMS), and healthy controls (HCs).
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Patients

	

	




	

	

	
SPMS n = 34

	
RRMS n = 94

	
Total MS n = 128

	
HCs n = 189

	
p Value






	
GENDER M/F: N

	
15/19

	
31/63

	
46/82

	
54/135

	
ns




	
AGE AT ONSET §

years: mean ± SD

	
* 32.3 ±10.8

	
° 30.4 ±10.1

	
^ 30.9 ± 10.3

	
§ 54.3 ±13.2

	
^*° vs. § < 0.001




	
AGE AT MSSS years: mean ± SD

	
* 53.1 ±9.9

	
° 47.3 ±9.5

	
48.8 ± 9.9

	

	
* vs. ° < 0.01




	
Disease duration years: mean ± SD

	
* 22.7 ±7.7

	
° 17.9 ±9.5

	
19.2 ± 9.3

	

	
* vs. ° < 0.01




	
MSSS: mean ± SD

	
* 7.0 ±2.2

	
° 3.6 ±2.7

	
4.5 ± 2.9

	

	
* vs. ° < 0.001




	
DRB1*15 pos: N (%)

	
7 (20.6)

	
° 28 (29.8)

	
^ 35(27.3)

	
§ 24 (12.7)

	
^° vs. § < 0.001








§: for HCs age at enrolment; *: SPMS; °: RRMS; ^: total MS; §: HCs; MSSS: multiple sclerosis severity score.
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Table 2. P2X7R genotype distribution was reported in MS patients as N: absolute number and %: percentage, and multiple sclerosis severity score (MSSS) values were reported as mean and standard deviation (SD). ANOVA p value correlation analysis was reported between genotype, minor allele frequency (MAF) distribution, and MSSS values. Statistically significant associations are marked in bold.
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MSSS

	

	

	
MSSS

	

	

	
MSSS

	




	

	

	

	
SPMS (n = 34)

	

	

	
RRMS (n = 94)

	

	

	
Total (n = 128)

	




	
P2x7R SNPs

	

	
N (%)

	
Mean

	
SD

	
p Value

	
N (%)

	
Mean

	
SD

	
p Value

	
N (%)

	
Mean

	
SD

	
p Value






	
rs1718119 Ala348Thr

	
GG

	
12 (35.3)

	
7.2

	
2.5

	

	
35 (37.2)

	
2.3

	
1.7

	

	
47 (36.7)

	
3.5

	
2.9

	




	

	
AG

	
16 (47.1)

	
6.7

	
2.1

	

	
44 (46.8)

	
4.5

	
2.8

	

	
60 (46.9)

	
5.1

	
2.8

	




	

	
AA

	
6 (17.6)

	
7.5

	
1.6

	
0.56

	
15 (16.0)

	
3.9

	
2.8

	
<0.001

	
21 (16.4)

	
5

	
3.0

	
0.02




	
MAF

	
AA + AG

	

	
6.8

	
1.9

	
0.59

	

	
4.4

	
2.8

	
<0.001

	

	
5.0

	
2.8

	
0.005




	
rs2230911 Thr357Ser

	
CC

	
32 (94.1)

	
7.1

	
2.1

	

	
84 (89.3)

	
3.7

	
2.7

	

	
116 (90.6)

	
4.6

	
2.9

	




	

	
CG

	
2(5.9)

	
4.9

	
2.5

	
0.16

	
10 (10.6)

	
3.0

	
2.2

	
0.47

	
12 (9.4)

	
3.3

	
2.3

	
0.15




	
rs2230912 Gln464Arg

	
AA

	
25 (73.5)

	
6.9

	
2.1

	

	
71 (74.7)

	
3.2

	
2.4

	

	
95 (74.2)

	
4.2

	
2.8

	




	

	
AG

	
9 (26.5)

	
6.9

	
2.5

	

	
20 (21.1)

	
5.1

	
3

	

	
30 (23.4)

	
5.7

	
2.9

	




	

	
GG

	
0

	

	

	
0.99

	
4 (4.2)

	
3.1

	
3.8

	
0.01

	
3 (2.4)

	
3.1

	
3.8

	
0.03




	
MAF

	
GG + AG

	

	
6.9

	
2.1

	
0.99

	

	
4.8

	
3.1

	
0.01

	

	
5.4

	
3.1

	
0.03




	
rs3751143 Glu496Ala

	
AA

	
24 (70.6)

	
7.0

	
2.3

	

	
55 (58.5)

	
3.2

	
2.5

	

	
79 (61.7)

	
4.3

	
3.0

	




	

	
AC

	
8 (23.5)

	
6.3

	
1.9

	

	
36 (38.3)

	
4.2

	
2.8

	

	
44 (34.4)

	
4.6

	
2.7

	




	

	
CC

	
2 (5.9)

	
8.8

	
0.3

	
0.33

	
3 (3.2)

	
3.6

	
2.2

	
0.16

	
5 (3.9)

	
5.7

	
3.3

	
0.59




	
MAF

	
CC + AC

	

	
6.8

	
2.0

	
0.74

	

	
4.2

	
2.7

	
0.06

	

	
4.7

	
2.8

	
0.48




	
rs2836045 Arg307Gln

	
GG

	
33(97.1)

	
6.9

	
2.2

	

	
92 (97.9)

	
3.6

	
2.7

	

	
125 (97.7)

	
4.4

	
2.9

	




	

	
AG

	
1 (2.9)

	
8.2

	
/

	
0.59

	
2 (2.1)

	
3.7

	
0.6

	
0.94

	
3 (2.3)

	
5.2

	
2.6

	
0.67
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Table 3. P2X7R SNP frequencies (freq) of haplotype distribution in total MS patients, MS patients with secondary chronic progressive disease course (SPMS), MS patients with relapsing–remitting MS (RRMS), and healthy controls (HCs). Haplotype association with multiple sclerosis severity score (MSSS) values in total MS patients, RRMS, and SPMS subgroups was reported by Beta value. * p = 0.04; °° p < 0.001; § p = 0.01. Statistically significant associations are marked in bold.
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HAPLOTYPE ASSOCIATION WITH MSSS




	
SPMS

n = 34

	
RRMS

n = 94

	
Total MS

n = 128

	
HCs

n = 189

	
Haplotype

	
rs1718119

	
rs2230911

	
rs2230912

	
rs3751143

	
rs2836045

	
SPMS

	
RRMS

	
Total MS






	
freq

	
freq

	
freq

	
freq

	

	

	

	

	

	

	
Beta value

	
Beta value

	
Beta value




	
0.41

	
0.32

	
0.34

	
0.35

	
P2X7R-1

	
G

	
C

	
A

	
A

	
G

	
−0.05

	
°°−1.54

	
§−0.94




	
0.24

	
0.25

	
0.25

	
0.21

	
P2X7R-2

	
A

	
C

	
A

	
A

	
G

	
0.29

	
0.53

	
0.51




	
0.18

	
0.22

	
0.21

	
0.21

	
P2X7R-3

	
G

	
C

	
A

	
C

	
G

	
0.08

	
0.87

	
0.45




	
0.13

	
0.14

	
0.14

	
0.16

	
P2X7R-4

	
A

	
C

	
G

	
A

	
G

	
−0.07

	
* 1.11

	
0.81




	
0

	
0.05

	
0.04

	
0.05

	
P2X7R-5

	
G

	
G

	
A

	
A

	
G

	
/

	
−0.68

	
−1.9




	
0

	
0.01

	
0.01

	
0.01

	
P2X7R-6

	
G

	
C

	
A

	
A

	
A

	
/

	
0.4

	
1.02




	
0.01

	
0

	
0.004

	
0.01

	
P2X7R-7

	
A

	
C

	
A

	
A

	
A

	
1.5

	
/

	
/




	
0.03

	
0

	
0.01

	
0.01

	
P2X7R-8

	
A

	
G

	
G

	
A

	
G

	
−2.12

	
/

	
/
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