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Abstract

Behçet’s disease is an autoimmune disease that manifests as an inflammation of blood
vessels leading to ulcers, bleeding, and multi-system failure. The single nucleotide
polymorphism (SNP) rs2910164 occurring at position 60 of the miR146A gene is
associated with an increase in expression leading to an increase in Bechet’s disease
incidence. This SNP is heritable and has been reported in different populations and at
varying rates. We hypothesized that there are differential frequencies of rs2910164
alleles in distinct populations. Publicly available NGS sequence datasets were surveyed
for individuals of varying ethnicities and were queried for the presence of the SNP. Our
search landed upon a familial trio of Ashkenazi Jewish individuals (mother, father, and
son) all of whom contained the SNP. These results confirm the expected genotype of the
individuals and also reveal the hereditary nature of rs2910164. Further analysis of
datasets may be done with these methods to help understand the prevalence of this
SNP genotype and track its ancestry.

Introduction 1

Behçet’s disease is a rare autoimmune condition characterized by inflammation of blood 2

vessels in the body leading to ulcers in the mouth and/or genitals, inflammation in the 3

eyes, joint pain, and later multi-system failure. Behçet’s disease has shown differential 4

incidence across various ethnic groups and geographic locations and to have at least 5

some degree of inheritance (Fig 1). Several studies have shown a relatively high 6

incidence of familial cases in Turkey and Japan [1], with the former being shown to be 7

as high as 31% familial cases [2]. Behçet’s disease has also shown a high prevalence in 8

Israel and Germany, as well as in Jewish and Ashkenazi Jewish populations. While the 9

precise model of inheritance remains unknown, there is evidence to suggest that it is 10

autosomal dominant [3]. Furthermore, an association between the miR146A SNP 11

rs2910164 and the increased risk for Behçet’s disease has been suggested [4]. The 12

inheritance pattern of Behçet’s disease patients, proposes that rs2910164 possesses a 13

confounding factor affecting its interaction with disease models which may be influenced 14

by both inheritance and environment. 15

Due to the lack of data correlating the frequency of rs2910164 SNP with specific risk 16

groups, we investigate whether the difference in the incidence of Behçet’s disease in 17

various groups arises due to the difference in frequency of specific alleles of rs2910164. 18
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Fig 1. A.) Geographic distribution and prevalence of Behçet’s disease [5] B.)Prevalence
of Behçet’s disease demonstrating the high regional prevalence in Turkey, Israel, Japan,
and Germany [6]

The miR146A gene 19

miR146A gene is a mammalian, intronless intragenic miRNA that is located on the 2nd 20

exon of its host lncRNA gene miR3142HG on the human chromosome 5 (Fig 2). 21

Fig 2. The miR146A locus. A.) hg19 Chromosome 5 map showing the location of
miR146A highlighted in red at the right end of the map. B.) Map and structure of
miR-3142HG and miR146A with exons shown in green. miR146A transcript shown in
blue with approximate location of rs2910164 SNP.

miR146A serves as a negative feedback loop inhibitor of NF-κB, a nuclear 22

transcription factor innately tied to the inflammatory response. NF-κB triggers the 23

expression of miR146A which subsequently inhibits the activity of IRAK1 and TRAF6. 24

IRAK1 and TRAF6 are key adaptors for NF-κB. Therefore, miR146A is critical in the 25

modulation of inflammatory responses thus preventing hypersensitivity reactions and 26

tissue damage caused by inflammation or the immune response. Due to its role in 27

inflammatory regulation, miR146A has been correlated with the development of a 28

variety of autoimmune conditions such as rheumatoid arthritis, Behçet’s disease, and 29

lupus, as well as in the development of certain cancers such as pancreatic cancer and 30

leukemias [7–9]. Autoimmune conditions develop as a consequence of excessive and 31

uncontrolled inflammatory response, whereas the development of cancer has been 32

correlated with persistent inflammatory states further implicating miR146A as a key 33

regulator of NF-κB. 34
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Regulation of miR164A 35

Epigenetic modifications are known to affect the miR146A gene promoter, which was 36

identified 16kb upstream of the gene [10]. CpG methylation and histone acetylation are 37

involved in altering the miR146A expression [11](Fig 3). 38

Fig 3. H3K4me3 methylation. H3K4me3 methylation in the MIR3142HG and
miR146A regions showing the approximate location of the miR146A promoter within
the miR3142HG intron (IGV, hg18 Chr5).

Furthermore, evidence has shown that intragenic miRNAs are co-regulated with 39

their host gene promoters [12]. Therefore, the regulation of miR3142HG also influences 40

miR146A expression. miR3142HG is a lncRNA gene, which is involved in the regulation 41

and reduction of the inflammatory response, and miR146A can be co-expressed with its 42

host. For example, Interleukin 1β (IL-1β) has been shown to induce the expression of 43

miR3142HG which metabolizes to miR146A and promotes the release of IL-6, IL-8, and 44

CCL2 [13–15]. Dysregulation leads to the pathogenesis of autoimmune diseases such as 45

rheumatoid arthritis, and psoriasis. This is notable since the pathology of interest, 46

Behçet’s disease, is an autoimmune disease. 47

rs2910164 polymorphism and Bechet’s disease 48

One specific SNP, rs2910164, has been associated with the development of a variety of 49

illnesses. In the mature miRNA, the rs2910164 SNP occurs in the 3’ antisense product 50

and an alteration in the miRNA sequence can affect the hybridization to mRNA targets 51

(Fig 4A and B). Within rs2910164, there are two common alleles - G and C (Fig 4C). 52

The G allele has been shown to increase expression of miR146A thus increasing 53

inhibition of NF-κB-associated pathways which is believed to increase the risk of 54

developing cancer and autoimmune illnesses. 55

Since the prevalence of publicly available sequencing data with linked Behçet’s 56

disease phenotype is quite limited, we assessed the allele frequency from a population 57

approach. We investigated whether the difference in the incidence of Behçet’s disease in 58

various groups arises due to the difference in the frequency of specific alleles of 59

rs2910164. We hypothesize that there are differential frequencies of rs2910164 alleles in 60

various populations. Given that Behçet’s disease is most commonly seen in areas such 61

as Turkey, Asia, Japan, and the Mediterranean ancestral groups from these regions were 62

targeted (Fig 1A). 63

Methods 64

Three human genome files were selected from the NIST’s Genome in a Bottle (GIAB) 65

database [16]. The samples selected are a mother, father, and son ‘trio’ which were 66

sequenced using the Illumina HiSeq platform. The raw data files were sourced from 67

GIAB’s GitHub repository of data indexes [17]. Raw FASTQ data had been 68

pre-analyzed and annotated variant call files (.vcf) were available from the repository. 69

For this analysis, .vcf files were downloaded from GitHub for the Ashkenazim trio: 70

son (HG002), father (HG003), and mother (HG004). All three of these genomes were 71
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Fig 4. rs2910164 SNP and miR146A A) miR146A transcript and rs2910164
location. B) Secondary structure of miR146A with polymorphism site highlighted in red.
C allele represented. Purple indicates 5’ product, and blue indicates 3’ antisense
product. C) Prevalence of miR146A allele genotypes.

previously aligned to the hg19 assembly (GRCh37.p13) by GIAB and this assembly was 72

used for establishing SNP coordinates. The VCFfilter tool was utilized in Galaxy to 73

filter the whole-genome .vcf file down to the region chr5:159911585-159913000 to screen 74

specifically for rs2910164. Variants covered to a depth greater than 10 reads were 75

selected. The resulting filtered .vcf file displayed the SNP status of each individual for 76

rs2910164 in miR146A. 77

Results 78

Our analysis revealed that all 3 individuals had the rs2910164 SNP. Furthermore, the 79

reported allele frequency from the population of 1000 genomes project data is .62 (Fig 5. 80

Given that the trio analyzed are of Ashkenazi Jew ancestry, gnomAD reports the allele 81

frequency of the SNP to be .7763 [18]. 82

Additionally, the lowest second most frequent allele (reported as the global minor 83

allele frequency) for this location is cytosine, at a frequency of .3814. This is notable 84

since cytosine is the nucleotide reported by the reference genome as seen in Fig 5. 85

Discussion 86

By examining the allele frequency and identifying the presence of the rs2910164 SNP in 87

the Ashkenazi trio, it further confirms the hypothesis that this SNP may be a driver of 88

inflammatory-mediated diseases within this ethnic group and geographic region. 89

The results suggest that those of Ashkenazi Jewish descent have an increased 90

incidence of the G allele which has been correlated with the development of a variety of 91
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Fig 5. Allele Frequency Allele frequency of the son (HG002), father (HG003), and
mother trio (HG004) at the chromosomal location of rs2910164 SNP within IGV. The
dark blue bars indicate that the allele frequency is heterozygous at this location with a
frequency of 0.62.

cancers and autoimmune conditions suggesting that this ethnic group may present an 92

increased risk for illnesses associated with this SNP. Jewish populations have been 93

noted to have increased incidence of Behçet’s disease lending this theory credence. 94

Furthermore, there appears to be a strong heritability of the SNP given that the 95

mother, father, and son all have the SNP. While it has been shown that a large 96

proportion of Behçet’s disease cases are sporadic in nature, a notable portion of cases 97

have been noted to be familiar as well. As noted earlier, familial Behçet’s disease has 98

shown a higher incidence in specific geographic areas and ethnicities. Data collected has 99

shown the high prevalence in Turkey and among Jewish and Ashkenazi Jewish 100

populations as discussed above(Fig 1B). Additionally, it has been suggested that 101

Behçet’s disease follows an inheritance pattern of autosomal dominance [3]. This 102

suggests that rs2910164 may possess a confounding factor influencing its effect on the 103

development of Behçet’s and possibly other conditions, including both genetic and 104

geographic drivers of the disease. The transcriptome is largely unexplored and it is 105

possible that other unidentified ncRNA’s play an impact on the regulation of immune 106

pathways. 107

The limitations of our study include the small size sample of the available dataset as 108

well as the ability to only investigate fixed inheritance patterns. A lack of additional 109

information about disease phenotype and exposures to other factors that may lead to 110

Behçet’s Disease, including lifestyle and environmental exposures, limits the 111

interpretation of our findings. 112

Conclusion 113

Our findings demonstrate the heritable nature of rs2910164 and its implication in the 114

pathogenesis of Behçet’s Disease. Further research would be required to identify the 115

specific molecular mechanisms by which this SNP affects the etiology and incidence of 116

the disease within geographically and genetically high-risk groups. The rs2910164 SNP 117
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has the potential to serve as a useful biomarker for identifying groups at risk for the 118

development of Behçet’s and related illnesses. 119
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