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Abstract 

Background: Rheumatoid arthritis (RA) is one of the chronic inflammatory diseases that primarily 

influences the joints, and its prevalence is 0.5-1.0%. Previous studies have shown that there are 

differences in the genetic structure of RA between European and Asian populations, and most of the 

studies have been conducted using meta-analysis. This study analyzed the genetic structure of 

rheumatoid arthritis in European and Asian populations using a new method.  

 Methods: The Genome-Wide Association Study (GWAS) summary statistics of RA from Europe 

(N=8383) and Asia (N=19190) were derived from an article published in Nature. First, the GWAS 

data was divided into 1368 blocks, in which SNPs were approximately independent of linkage 

disequilibrium (LD). Second, we calculated the LD matrix of SNP in each block by using PLINK 

1.9. Then, PESCA analysis was performed to detect population-specific/shared risk genes of RA. 

Finally, Metascape platform was used to perform gene set enrichment analysis.  

Results: In European population, we found multiple genes which were associated with RA, 

including HLA-DPA1, HLA-DPB1 (rs2856822, PTP=1.000), MICA (rs2844518, PTP=1.000). In 

Asian population, C6orf10 (rs3129915, PTP=1.000), PTPN2 (rs2847288, PTP=0.995), were 

significant related to RA. The population-shared genes included PADI2 (rs2235920, PTP=1.000), 

STAT4 (rs12612769, PTP=1.000). Furthermore, gene sets enrichment analysis reported population-

specific/shared pathway terms, such as interferon-gamma-mediated signaling pathway 

(P=2.884×10-9), negative regulation of innate immune response (P=1.841×10-7), protein-arginine 

deiminase activity (P=7.047×10-8).  

Conclusions: The results of our study indicate differences in risk loci between Asian and European 

populations, which provided clues for exploring the population-specific/shared genetics and 
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pathogenesis of RA. 
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Introduction 

Rheumatoid arthritis (RA) is one of the chronic inflammatory diseases that primarily influences 

the joints, leading to chronic inflammation in synovium, which finally causes the destruction of 

joints, deformity, and disability. The prevalence of RA is 0.5-1.0% (1).  

Although the etiology of RA is unknown, significant progress has been made in identifying 

risk factors. The genetics, environmental factors and autoimmunity are demonstrated to play an 

important role in the pathogenesis of RA. For example, smoking is one of the most important 

environmental factors affecting RA susceptibility, and the alcohol intake, BMI, dietary habits, and 

even coffee consumption (2-5). However, twin studies and family studies from European countries 

estimated 53-65% of the risk for development of RA is attributable to genetic factors, the numbers 

for Asian populations were similar and comparable(6-8). In the past years, Genome-wide 

Association Studies (GWAS) studies have been widely used to identify the susceptibility risk loci 

of RA, for example, RAD51B, BACH2 et al. have been found to be related to RA (9). 

It is widely believed that many common risk variants for most of the complex diseases are 

shared among different populations. However, the causal variants and disease-related SNPs varies 

significantly among ethnic groups. This variation might attribute to genetic or environmental factors. 

Trans-populations analysis suggested that the genetic architecture of RA is similar across ethnic 

groups, but the incidence of RA is not completely consistent between Asian and European 

populations, which suggested only modest overlap in RA risk related SNPs between different 

populations (6, 10). This genetic structural heterogeneity has been shown to limit some post-GWAS 

analyses, such as the transferability of polygenic risk scores (PRSs) in different populations (11-13). 

Therefore, it is necessary to identify the shared and population-specific components of genetic 
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structure, which can improve cross-population analysis and study of disease etiology. 

Previous GWAS studies have reported some common/specific genetic risk loci of RA in 

different ethnicities. However, most of the previous trans-population studies used meta-analysis 

which has some limitations, heterogeneity caused by different genetic backgrounds impact on the 

interpretation of meta-analysis results. Besides, although previous studies have included a large 

number of samples which from different genetic backgrounds, the European sample was still a large 

proportion, which limited the generalization of the results. PESCA (population-specific/shared 

causal variants) (14) is a method which can estimate the genome-wide proportions of SNPs with 

nonzero effects in a single population or in two different populations from GWAS summary statistics 

and estimates of Linkage Disequilibrium (LD). Comparing with meta-analysis, PESCA could 

improve the transferability of GWAS findings between different populations by correcting the 

population-specific LD and allele frequencies (14), which has been used in several complex traits, 

such as schizophrenia. 

In our study, we used PESCA to analyze the RA individuals of Asian and European ancestry, 

in order to identify population-specific/shared SNPs, and all the GWAS summary statistics were 

from a published study (15). Our study can help to identify the potential risk loci of RA, and provide 

some new clues to the pathophysiology of RA. 

 

Method 

GWAS Summary data of European and Asian RA 

GWAS summary data for European and Asian were derived from articles published in Nature (15) 

and were available from the JENGER (Japanese ENcyclopedia of GEnetic Associations by Riken) 
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(http://jenger.riken.jp/en/result). European data included 2843 cases and 5540 controls, and Asian 

data included 3636 cases and 15,554 controls. All RA cases met the 1987 criteria of the American 

College of Rheumatology for RA diagnosis. GWAS genotyping and quality control standards 

included sample call rate, SNP call rate, minor allele frequency (MAF), and Hardy-Weinberg 

equilibrium (HWE) P value. Briefly, monomorphic or singleton SNPs or SNPs with deviation of 

HWE (P<1×10-7) have been excluded from each of the reference panels, SNPs with MAF<0.005 

in RA cases or controls, or with low imputation score (Rsq<0.5 for genome-wide array and<0.7 for 

Immunochip) from each study have been filtered.  

Data Processing 

We removed redundant SNPs based on the 1000 Genomes Phase 3 reference panel (16, 17) 

following the criterion of PESCA, then calculated Z-score of all SNPs in each population according 

to Z=Effect/StdErr, Huwenbo Shi et al.(18) used LDetect and the 1000 Genomes Phase 3 reference 

panel to create 1,368 LD blocks (with an average length of 2 Mb), which are approximately 

independent in EAS and EUR individuals. According to the LD blocks, we split the GWAS results 

of two populations into 1368 blocks, in which SNPs were approximately independent of LD. Finally, 

we calculated LD matrix of SNPs in each block by using the PLINK 1.9 (19), and then used LD 

Score Regression  (LDSC) software to calculate the heritability of RA in two populations (20). 

Identifying Population-Specific/Shared risk genes for RA 

PESCA takes the causal relationships i of SNPs between the two populations as a binary vector Ci, 

and assumes that Ci follows a multivariate Bernoulli (MVB) distribution (21): 

𝐶𝑖~𝑀𝑉𝐵(𝑓00, 𝑓01 , 𝑓10, 𝑓11) 
Where (𝑓00, 𝑓01, 𝑓10, 𝑓11) represents the parameter vector of MVB distribution. Using Expectation-

http://jenger.riken.jp/en/result
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+H&cauthor_id=32442408
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maximization (EM) and Markov Chain Monte Carlo (MCMC) to estimate the genome-wide 

proportions of population-specific/shared risk SNPs. Then, genome-wide proportions are used as 

the prior probability to estimate the posterior probability of each SNP as a risk factor in a single 

population or two populations. 

In this study, there are 557,717 SNPs for a given genotype (RA) in European and Asian populations, 

respectively, the effects of the 𝑖𝑡ℎ risk SNP in each population, 𝛽1𝑖 and 𝛽2𝑖 can be computed by 

the following equation: 

𝛽1𝐶1|𝑐1~𝑀𝑉𝑁(0, ℎ𝑔12|𝑐1|)𝐼𝐶1 

𝛽1𝐶2|𝑐2~𝑀𝑉𝑁(0, ℎ𝑔22|𝑐2|)𝐼𝐶2 

Where |𝐶1| = ∑ 𝐶𝑖1𝑀𝑖−1   and |𝐶2| = ∑ 𝐶𝑖2𝑀𝑖−1   represent the total numbers of SNPs in each 

population, ℎ𝑔12  and ℎ𝑔22  are the total SNP-heritability in each population. The published research 

contained more detailed information(14). The SNPs with high posterior probability (PTP>0.8) were 

reported. 

GO Enrichment Analysis 

The gene enrichment analysis was performed on Metascape platform(22). GO Biological Processes, 

GO Cellular Components were used in the analysis for each of the given gene list. All genes in the 

genome participated in the enrichment analysis. P-values are calculated according to the 

accumulative hypergeometric distribution, as well as q-values are computed using the Banjamini-

Hochberg(23) procedure to account for multiple tests.  

Ethic statement 

All participants provided written informed consent for participation in the study as approved by 

the ethical committees of each of the institutional review boards, and more ethical details were 
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given in the published studies(15). 

 

Result  

European-specific genes and pathways for RA 

In the European population, multiple candidate genes were identified with a nonzero effect on RA, 

such as HLA-DPA1, HLA-DPB1 (rs2856822, PTP=1.000), MICA (rs2844518, PTP=1.000), 

TRIM10 (rs2517653, PTP=1.000), HLA-B (rs35795116, PTP=1.000). Table 1 summarized the top 

20 European-specific SNPs. 

In the gene enrichment analysis of European population-specific genes, we observed several specific 

pathways. Most of these pathways were related to receptor signaling pathways and membrane, such 

as GO:0060333~interferon-gamma-mediated signaling pathway (P=2.884 × 10-9) and 

GO:0071556~integral component of lumenal side of endoplasmic reticulum membrane (P=7.303×

10-8). 

Asian-specific genes and pathways for RA 

In the Asian population, our research found a group of candidate genes with a nonzero effect on RA, 

including C6orf10 (rs3129915, PTP=1.000), LEMD2 (rs6904716, PTP=1.000), PTPN2 (rs2847288, 

PTP=0.995), FOXJ3 (rs7526424, PTP=0.847). Table 2 summarized the top 20 Asian-specific SNPs. 

In the gene enrichment analysis result of Asian population-specific genes, we found multiple 

specific pathways which related to immune regulation, including GO:0045824~negative regulation 

of innate immune response (P=1.841×10-7) and GO:0050777~negative regulation of immune 

response (P=6.637×10-6). 

European-Asian shared genes and pathways for RA 
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In the European and Asian populations, we detected multiple significant shared genes with a nonzero 

effect on RA, including PADI2 (rs2235920, PTP=1.000), ARID5B (rs10740058, PTP=1.000), 

PADI2 (rs2235924, PTP=1.000), STAT4 (rs12612769, PTP=1.000). Table 3 summarized the 

European-Asian populations share risk genes. In the results of gene enrichment analysis, we 

observed significant enriched pathways which associated with enzyme and cell by using population-

shared genes, these pathways including GO:0004668~protein-arginine deiminase activity 

(PTP=7.047×10-8), GO:0018101 ~protein citrullination (PTP=7.047×10-8), GO:0046631~alpha-

beta T cell activation (PTP=2.239×10-5). 

 

Discussion 

In this study, we explored the risk loci of RA across populations by using PESCA based on the 

published GWAS data. A total of 51 risk gene loci in the European population and 21 risk gene loci 

in the Asian population, as well as the 52 shared risk loci between European and Asian were 

identified. The risk genes of Asian and European populations were clustered together within 

chromosome 6, while Asian-European shared genes are scattered on multiple chromosomes.  

 Our results support that there was a common genetic risk for RA in Asians and Europeans 

population, and these conclusions have been published in previous studies. Laura B et al. have 

reported that most of the risk genes of RA among European ancestry showed the similar ORs in the 

population of African Americans with RA (24), and Jan Freudenberg et al. suggested that the most 

of the specific risk loci of RA to Asian or European populations were also shared in the both 

populations(10). However, although there was a certain overlap in the RA risk loci between the two 

populations, several complex traits have been reported to have strong cross-ethnic genetic 
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association (18) . Consistent with our study, we found a significant difference in the genetic 

structure of RA between the two populations. This difference was not only caused by genetic 

susceptibility, the environmental factors such as culture, migration histories, geodemographic events, 

but also caused by the variantion of genetic structure (25, 26). 

Some of population-shared risk genes and GO pathway terms have been reported to be 

associated with RA. Citrullination, which plays an important role in RA, was catalyzed by a group 

of peptidylarginine deiminases (PADs). Previous studies have shown that the PADI4 was a 

susceptibility factor for RA (27, 28), but their research results showed that PADI2 was also 

significantly related to RA, and may even be involved in the pathogenesis of RA(29). Signal 

transducer and activator of transcription 4 (STAT4) is a member of the STAT family and locates in 

the cytoplasm. STAT4 can activate the pathogenesis of a variety of human autoimmune diseases and 

inflammatory diseases, through the Janus kinase (JAK)-STAT signaling pathway (30). A few 

researches have shown that STAT4 polymorphism was related to RA susceptibility, STAT4 was even 

associated with systemic lupus erythematosus in the Mexican population (31, 32). In addition, 

Chromosome 5 open reading frame 30 (C5orf30) has been repeatedly reported to be associated with 

the risk of many autoimmune diseases, including RA. C5orf30 is a negative regulator of joint and 

tissue damage in the patients with RA (33). Population-shared GO pathway terms included protein 

arginine deiminase activity and protein citrullination have been indicated to be related with RA 

(34). 

For the result of European population-specific risk genes, we also found several genes which 

are associated with RA. The HLA gene family, found on the major histocompatibility complex 

(MHC) of human chromosome 6, is divided into HLA Class I and Class II genes, the HLA-DRB1 
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allele constitutes the strongest single genetic association of RA and may account for at least 30% of 

the total genetic component of RA(35, 36). In addition to HLA-DRB1, other members of the HLA 

gene family were associated with the susceptibility of RA, including the HLA-DPB1 and HLA-

DPA1 which have been found in our study. For example, Lu Jiang et al. have reported that the high-

frequency expression of DPB1*0401 and *0601 was significantly related to the susceptibility of RA, 

and that may be a risk factor for the occurrence of RA. On the contrary, the low-frequency 

expression of DPB1*0101, *0402 and *0501 may be negatively correlated with RA, which may be 

a protective factor for the occurrence of RA (37). MHC class I polypeptide-related sequence A 

(MICA) is a stress-induced protein, Achour et al. have suggested that the MICA-250 polymorphism 

was involved in the genetic susceptibility and severity of RA in south Tunisian population(38). 

Holger Kirsten et al. have proved that the association between MICA-250 (rs1051794) and RA was 

independent on the HLA-DRB1 risk allele, and MICA was a susceptibility gene of RA(39). In the 

peptidylarginine deiminases (PADs), PADI4 was the most reported to be associated with RA, 

multiple reports have shown that PADI4 was not only related to RA susceptibility in Asian 

populations, but also in European populations (28, 40). 

In addition, in the GO pathway terms of European population, MHC protein complex, T cell 

receptor signaling pathway were related to the RA to some extent, it was mentioned that the MHC 

class I polypeptide-related sequence A (MICA) was a stress-induced protein involved in activation 

of NK and T cells through interaction with NKG2D receptor in the research of Milena Iwaszko et 

al. (38). Several Asian population-specific genes were reported in the previous researches. JU 

YEON BAN et al. have reported that the fork head box J3 (FOXJ3) was related to the development 

of RA by using the SNP Stats, Haploview and Helixtree programs (41). Chikashi et al. have shown 
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that the rs6904716 in LEMD2 of the HLA locus showed a borderline association with ACPA-

negative RA based on the meta-analysis in a Japanese population (42). Furthermore, the Asian 

population-specific GO pathway terms were related to the regulation of immunity, such as negative 

regulation of innate immune response, and regulation of leukocyte mediated immunity. As we all 

know, the immune and inflammatory systems are controlled by a variety of cytokines, including 

interleukins and interferons. The improper activation of immune and inflammatory systems were 

also considered to be responsible for the generation of autoimmunity, so autoimmune arthritis such 

as RA, systemic lupus erythematosus (SLE), multiple sclerosis (MS) are all related to the regulation 

of the innate immune system (43, 44).  

The total prevalence of RA in adults worldwide was about 0.5-1%(1). However, there were an 

obvious difference in the prevalence between different populations, the prevalence of European 

descent (0.3-1.1%) was higher than the prevalence of Asian descent (0.1-0.5%) (45, 46). In addition, 

it was reported that the prevalence rate is even higher in the Native American population 

(approximately 5-7%)(47). RA is an autoimmune and complex disease, the reasons for this 

population heterogeneity may include environmental, genetic, and autoimmune factors according 

to reports(45, 48). The HLA gene family with the highest polymorphism in the human genome is 

located on chromosome 6. There is a significant difference in the incidence and prevalence of RA 

among different populations or ethnic groups, and this difference could partly due to genetic 

variation in the HLA region, and variation in the prevalence of “shared epitope” in different 

populations (46, 49). 

Furthermore, environmental differences are also part of the reason for this significant 

difference. Epidemiological studies have shown that differences in dietary structure will affect the 
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occurrence and development of RA to a certain extent. For example, a Mediterranean diet can reduce 

the risk of RA and prevent the disease from getting worse (46). The effect of smoking on RA has 

been demonstrated many times, Yuta Kochi et al. have shown that the variant in smoking prevalence 

could explain the difference in the contribution of PADI4 to RA susceptibility among various ethnic 

groups (45). In addition, the diverse allele frequencies of susceptible variants were also the main 

factors that cause this distinct (45). 

In our study, GWAS summary statistics and LD estimation have been used to estimate the 

population-specific/shared risk genes of RA by the PESCA analysis. It is difficult to detect random 

SNPs shared between the two populations in meta-analysis, because of the difference in LD or allele 

frequency. Moreover, the conditions of meta-analysis were relatively strict, and the result 

interpretation bias will produce misleading information (50). Compared with traditional meta-

analysis methods, PESCA analysis can help us to improve performance by using the LD model of 

specific populations. This way clearly corrected the population-specific LD and allele frequencies 

by locating the shared components of the genetic structure. Besides, a large amount of sample data 

has been included in this study, both of the PESCA analysis and sample data help to improve the 

accuracy and portability of the results. However, the "causal SNPs" which discovered by PESCA 

refer to non-zero effects on traits through LD, or non-zero effects on unmeasurable variant markers. 

These non-zero effects may be influenced by the environmental factors or gene-environment 

interactions, so the interpretation for our results should be cautious. 

 

Conclusions 

In summary, we observed a large number of SNPs with a PTP> 0.8 in European and Asian 
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populations, and most of them have been confirmed to have a clear association with RA, including 

the HLA gene family that accounts for about 30% for the RA genetic component. Our further 

research showed that there was certain overlap of non-MHC loci among two populations, suggesting 

the genetic correlation of RA existed in Asian and European populations was greater than our 

expectations. Therefore, this study provided clues for exploring the population-specific/ shared 

genetics and pathogenesis of RA.  
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