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Abstract

Objective—Behçet’s disease (BD) is an inflammatory disease characterized by multi-system

involvement including recurrent oral and genital ulcers, cutaneous lesions, and uveitis. The

pathogenesis of BD remains poorly understood. We performed a genome-wide DNA methylation

study in BD before and after disease remission, and in healthy matched controls.

Methods—We examined genome-wide DNA methylation in monocytes and CD4+ T cells from

a set of 16 untreated male BD patients and age, sex, and ethnicity-matched controls. Additional

samples were collected from 12 of the same BD patients after treatment and disease remission.

Genome-wide DNA methylation patterns were assessed using the HumanMethylation450 DNA

Analysis BeadChip array which includes over 485,000 individual methylation sites across the

genome.

Results—We identified 383 differentially methylated CpG sites between BD patients and

controls in monocytes and 125 differentially methylated CpG sites in CD4+ T cells. Bioinformatic

analysis revealed a pattern of aberrant DNA methylation among genes that regulate cytoskeletal

dynamics suggesting that aberrant DNA methylation of multiple classes of structural and

regulatory proteins of the cytoskeleton might contribute to the pathogenesis of BD. Further, DNA

methylation changes associated with treatment act to restore methylation differences observed

between patients and controls. Indeed, among CpG sites differentially methylated before and after

disease remission, there was almost exclusive reversal of the direction of aberrant DNA

methylation observed between patients and healthy controls.

Conclusions—We performed the first epigenome-wide study in BD and provide strong

evidence that epigenetic modification of cytoskeletal dynamics underlies the pathogenesis and

therapeutic response in BD.
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Introduction

Behçet’s Disease (BD) is an inflammatory disease characterized by the presence of recurrent

oral and genital ulcers, skin lesions, and uveitis. Mucocutaneous lesions in BD are

characterized by leukocyte infiltration, primarily by T cells and monocytes (1). Widespread

enhancement of leukocyte motility and tissue infiltration is observed in BD. Monocytes

from patients with BD display increased activity and promote increased neutrophil adhesion

(2). Further, elevated levels of macrophage inflammatory protein 1-alpha, which promotes

lymphocyte chemotaxis, are observed in BD (3). Activated CD4+ T cells play a critical role

in the pathogenesis of BD, and an expansion of Th17 cells via IL-21 signaling and increased

levels of gamma-delta T cells are observed (4–6).

Endothelial cell injury is commonly observed in BD. Elevated levels of soluble E-selectin

molecules are observed in serum from BD patients with active disease (7). Impaired

function of vascular endothelial cells occurs in response to oxidative damage (8). Disruption

of tight junctions between endothelial cells is mediated by changes in class II myosin

phosphorylation and remodeling of the F-actin cytoskeleton (9). Cytoskeletal remodeling in

endothelial and immune cells accompanies lymphocyte adhesion and tissue infiltration in the

normal inflammatory response (10). Treatments that disrupt microtubule processing might

be effective in limiting the frequency and severity of mucocutaneous symptoms in BD, but

the exact mechanism of action remains uncertain.

There is a strong genetic component to BD evidenced by the geographic concentration of the

disease along the Old Silk Road (11). The most robust genetic association observed in BD is

within the HLA region. Recent evidence suggests that multiple independent genetic

susceptibility loci for BD exist in the HLA class I region, with the most robust effect

localized to the genetic region between HLA-B and MICA genes (12). Multiple associations

outside of the HLA region have been reported in BD including IL10, IL23R, UBAC2,

STAT4, CCR1, KLRC4, ERAP1, and GIMAP2/GIMAP4 (13). While there is a strong genetic

component to BD, genetic variation alone is not sufficient to explain the heritability and

pathogenesis of the disease.

The role of DNA methylation in BD has not been explored to date. There is a growing body

of evidence supporting an important role for DNA methylation changes in multiple immune-

mediated diseases (14–17). DNA methylation refers to the addition of a methyl group to the

fifth carbon in cytosine rings within cytosine-guanosine (CpG) dinucleotides. DNA

methylation ex utero is primarily mediated by DNA methyltransferase 1 (DNMT1) and is

generally a repressive epigenetic mark. DNA hypermethylation results in transcriptional

gene repression, while hypomethylation is associated with a chromatin configuration that is

transcriptionally permissive (18).

Hughes et al. Page 2

Arthritis Rheumatol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Herein, we report results from an epigenome-wide study of the methylation status of over

485,000 individual CpG dinucleotides across the genome among treatment-naïve BD

patients and healthy matched controls. We also evaluated epigenome-wide DNA

methylation status in the same BD patients before and after treatment and disease remission.

We provide evidence for wide-spread DNA methylation changes in BD across the genome.

Our data suggest that DNA methylation changes in cytoskeletal dynamics are involved in

the pathogenesis of BD and that restoration of DNA methylation of microtubule processing

genes is observed following disease remission.

Materials and Methods

Patient Selection and Sample Collection

A total of 16 male BD patients and 16 healthy controls matched for age (+/− 5 years), sex,

and ethnicity were recruited to participate in this study. All patients were recruited from the

rheumatology clinics at Marmara University in Istanbul, Turkey (Supplementary Table 1).

All patients studied had not received prior treatment for BD at least in the previous 3

months, and samples were collected at their initial visit prior to the initiation of treatment.

Samples were further collected following treatment and disease remission from 12 of the 16

BD patients included in this study. Disease remission was defined by the absence of any

disease-associated symptoms or organ involvement for at least one month. Our study was

approved by the ethics committee and the institutional review board at Marmara University

and the University of Michigan. All study participants singed a written informed consent

prior to participation in this study.

Isolation of Monocytes and CD4+ T cells and DNA extraction

Peripheral blood mononuclear cells (PBMCs) were isolated from fresh blood samples

obtained from BD patients and healthy controls using density gradient centrifugation

(Amersham Biosciences, Uppsala, Sweden). Monocytes and CD4+ T cells were purified

using magnetic bead separation from PBMCs (Miltenyi Biotec, Cologne, Germany). The

purity of isolated cell populations was confirmed by flow cytometry analysis using

fluorochrome-conjugated antibodies against CD14 for monocytes and CD4 for T-helper

lymphocytes and was over 90% for both monocytes and CD4+ T cells. Genomic DNA was

obtained from isolated monocytes and CD4+ T cells using the Qiagen DNeasy Blood and

Tissue Kit.

Genome-wide DNA Methylation Profiling

Bisulfite conversion was performed using the EZ DNA Methylation Kit (Zymo Research

Corp., Irvine, CA, USA). Whole-genome amplification of bisulfite converted DNA was

performed prior to array hybridization. The Illumina HumanMethylation450 DNA Analysis

BeadChip array was used to assess the methylation status of over 485,000 individual

methylation sites throughout the genome. This array covers 99% of RefSeq genes, with an

average of 17 CpG sites per gene across the promoter region, 5'-UTR, first exon, gene body,

and 3'-UTR. It also covers 96% of CpG islands. Non CpG methylated sites recently

identified in human stem cells are also covered as well as microRNA promoter regions.
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Quality Control, Identification of Differentially Methylated CpG sites, and Bioinformatic
analysis

Comparisons of DNA methylation levels were performed separately among monocytes and

CD4+ T cells between BD patients and healthy controls. DNA methylation differences

associated with treatment in BD were also separately assessed in monocytes and CD4+ T

cells before and after treatment. Differential methylation analysis was performed using the

Genome Studio methylation package. Beta values (β) were used to represent percent

methylation at each CpG site, which are calculated using the ratio of intensities between

methylated and unmethylated alleles as follows:

Methylation data were normalized in Genome Studio. Prior to analysis a total of 50,446

probes were removed due to the presence of single nucleotide polymorphisms within 10

bases of the CpG target sequence. No probes were observed to have detection p-values

greater than 0.05. The P value for differential methylation between patients and controls was

calculated using the following equation:

where s is the standard deviation estimate and z is the two-sided tail probability of the

standard normal distribution. The standard deviation estimate s is a function of β and was

calculated by the following:

A, B and C values were derived by Illumina from repeatedly measuring loci with known

methylation fractions ranging from 0 to 1 and fitting a parabola to the standard deviation as

a function of β.

A differential methylation scores for each probe was calculated as:

Probes with an average methylation difference (delta β) of at least 10% (case-control) or 5%

(case-case before and after treatment) and differential methylation scores of at least 22

(equivalent to differential methylation P value ≤ 0.01) after adjusting for multiple testing

using the Benjamini and Hochberg false discovery rate of 5%, were considered differentially
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methylated. A linear regression model was fitted to estimate batch effect in differentially

methylated loci using R, and no batch effect was detected in our study.

We performed bioinformatic analysis to identify canonical pathways and cellular processes

enriched among differentially methylated CpG sites through gene ontology (GO) analysis

using the Database for Annotation, Visualization, and Integrated Discovery (DAVID) (19).

We examined enrichment among OMIM diseases, KEGG pathways, Panther pathways,

molecular function (MF), cellular component (CC), and biological process (BP) gene

ontology terms among differentially methylated gene sets. A background of all RefSeq

genes was selected for gene ontology analysis in DAVID. Network interaction analysis was

performed using GeneMANIA (20).

Results

Differences in DNA methylation associated with Behçet’s disease

We observed significant differences in DNA methylation between BD patients and healthy

controls across the genome (Figure 1A). In monocytes, we observed 383 differentially

methylated CpG sites between BD patients and controls in 228 genes, with 129

hypermethylated CpG sites and 254 hypomethylated sites (Table 1 and Supplementary Table

2). In CD4+ T cells we observed 125 differentially methylated CpG sites in 62 genes.

Specifically, we detected 67 hypomethylated and 58 hypermethylated CpG sites in CD4+ T

cells (Table 2 and Supplementary Table 3). While hypomethylation is more prevalent in

monocytes, we observed a high degree of concordance between differential methylation

between CD4+ T cells and monocytes. Indeed, 59 of the 125 CpG sites differentially

methylated in in CD4+ T cells in BD compared to controls were also differentially

methylated in BD monocytes.

Bioinformatic analysis

Bioinformatic analysis revealed an enrichment of genes and pathways associated with

cytoskeletal remodeling in monocytes among differentially methylated genes between BD

patients and healthy controls. DAVID GO term analysis revealed significant enrichment of

genes related to cytoskeletal dynamics and function among the 228 genes differentially

methylated in monocytes (Table 3). Specifically, cytoskeletal protein binding (MF:

0008092), actin cytoskeleton (CC:0015629), and M band (CC:0031430) showed the most

significant enrichment among genes differentially methylated in monocytes.

Among the 62 differentially methylated genes in CD4+ T cells, the most prominent GO

terms are related to antigen processing and presentation and are primarily driven by

differential methylation in 3 loci within the HLA class II region (Table 4). Enrichment of

genes associated with cytoskeletal processes is also observed in CD4+ T cells, but to a lesser

degree than that observed in monocytes. In CD4+ T cells, actin cytoskeleton (CC:0015629),

cytoskeletal regulation by Rho GTPase (PANTHER:P00016), and cytoskeletal binding

protein (MF:0008092) are all significantly enriched (FDR < 0.20).
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Differential methylation of genes associated with cytoskeletal remodeling

The set of differentially methylated CpG sites observed in BD monocytes and CD4+ T cells

compared to healthy controls includes genes that are involved in multiple levels of

cytoskeletal regulation, structure, and function (Supplementary Tables 4 and 5 and

Supplementary Figures 1 and 2). Differential methylation of Rho GTPase genes, that play a

central role in regulating actin cytoskeletal remodeling (21), is observed in BD CD4+ T

cells. Specifically, RAC1 displays the highest degree of hypomethylation (cg18404925:

Case-beta = 0.106, Control-beta = 0.308) in BD CD4+ T cells. RAC1 regulates T

lymphocyte adhesion via integrin and controls actin cytoskeletal dynamics (22, 23).

Hypermethylation of the gene which encodes RhoJ was also observed in CD4+ T cells of

Behçet’s patients. Further, ARHGAP24, a Rho GTP-associated protein, was

hypermethylated in BD monocytes.

Differential methylation of genes involved in actin processing including FSCN2, BAIAP2L1,

FILIP1, SSH1 was present in BD monocytes. Hypermethylation of BAIAP2L1 and

hypomethylation of FSCN2 was observed in CD4+ T cells (Figure 1B). ANK1, coding for

ankyrin 1, is associated with attachment of integral membrane proteins to the actin

cytoskeleton and was also hypermethylated in BD monocytes compared to healthy controls.

Altered methylation of non-muscle myosin genes was detected in both monocytes and CD4+

T cells in BD patients compared to controls. We observed hypermethylation of Myosin

heavy chain 15 (MYH15) in monocytes and CD4+ T cells. In monocytes, we further

observed hypomethylation of Myosin 1C, (MYO1C) and hypermethylation of MYO1D and

MPRIP (Supplementary Table 4).

Differential methylation of genes encoding microtubule-related proteins is observed in both

cell types. Hypomethylation of TBCD, KIF1B, and DNAH3 was detected in monocytes, and

TUBB8 was hypermethylated in BD CD4+ T cells compared to controls (Figure 1B). In both

monocytes and CD4+ T cells there was significant hypomethylation of multiple CpG sites in

RGS14, a gene which encodes a micro-tubule associated protein (Supplementary Table 4

and 5) (24).

Treatment alters DNA methylation in microtubule processing genes

Widespread DNA methylation changes were observed between monocytes and CD4+ T

cells from untreated BD patients with active disease and samples obtained from the same

patients following treatment and disease remission. A lower threshold for DNA methylation

differences (delta beta ≥ 0.05) was applied to detect smaller changes in DNA methylation

and partial restoration by at least 50% of the DNA methylation changes detected in BD. We

detected a total of 1,426 differentially methylated CpG sites in monocytes after treatment,

and of these 636 were hypomethylated and 790 were hypermethylated. In CD4+ T cells, a

total of 2,044 CpG sites were differentially methylated, with 1,012 hypomethylated and

1,032 hypermethylated following treatment.

Bioinformatic analysis of genes that display differential methylation following treatment in

BD patients reveals enrichment of multiple GO terms, including some that are related to

microtubules in both cell types (Supplementary Table 6). In monocytes, microtubule
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cytoskeleton (CC:0015630), microtubule organizing center (CC:0005815), cytoskeleton

organization (BP:0007010), and cytoskeleton (CC:0005856) are enriched. Microtubule

cytoskeleton (CC:0015630) was also among the top 20 GO terms in CD4+ T cells following

treatment.

Altered methylation of genes associated with microtubule structure and organization is

observed in both monocytes and CD4+ T cells following treatment (Supplementary Tables 7

and 8). Hypomethylation of tubulin genes TUBA3C and TUBA3D, and tubulin polymerizing

promoting protein (TPPP) was observed in BD after treatment and disease remission.

Further, we observed significant alteration of the methylation of kinesin and dynein genes in

both monocytes and CD4+ T cells. KIF2A was hypermethylated in both monocytes and

CD4+ T cells following treatment in BD.

Treatment restores DNA methylation changes in Behçet’s disease monocytes and CD4+ T
cells

After disease remission, alterations in DNA methylation patterns in BD patients were

observed to counteract DNA methylation differences seen between BD patients and healthy

controls. Among CpG sites differentially methylated before and after treatment, there was

almost exclusive reversal of the direction of aberrant methylation observed between cases

and controls (Figure 2A). In a comparison of methylation differences identified between BD

patients and healthy controls and those detected between the same BD patients before and

after treatment, there were 94 overlapping CpG sites among 69 genes in monocytes and 9

overlapping CpG sites among 7 genes in CD4+ T cells. In both cell types, treatment acts to

reverse BD-associated differences in DNA methylation. In 93 of the 94 BD-associated CpG

sites that display differences following treatment in BD monocytes, the direction of

methylation change is opposite to that observed between BD cases and controls (Figure 2B).

In many cases DNA methylation in BD patients was completely restored to levels similar to

healthy controls following treatment (Supplementary Table 9).

The effect of treatment on BD-associated CpG sites is more pronounced in monocytes than

CD4+ T cells. For example, upon disease remission, restoration of DNA hypomethylation of

Tubulin folding Cofactor D, TBCD, is observed in monocytes. In addition, methylation of

multiple CpG within TRIM39 that were hypomethylated in BD monocytes was restored

following treatment to similar levels observed in healthy controls (Supplementary Table 9).

Discussion

In this first epigenomic study in BD, we provided evidence for wide-spread and reversible

patterns of altered DNA methylation in this disease. Of particular interest, epigenetic

dysregulation in BD was evident across multiple levels of cytoskeletal organization

including actin binding, Rho-GTPase enzymes, motor proteins, and microtubule structure.

Cytoskeletal rearrangement is a process involved in locomotion, focal adhesion, and cellular

proliferation in leukocytes. Our data suggest that aberrant epigenetic regulation of

cytoskeletal remodeling genes in BD might underlie increased leukocyte migration and

tissue infiltration central to BD pathogenesis.
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Among the differentially methylated genes detected in BD, we showed hypomethylation of

cytoskeletal genes implicated in increased chemotaxis in normal lymphocytes and

invadopodia formation in cancer. Fascin (FSCN2) plays a central role in filopodia formation

and potentiates invasive migration of cancer cells (25, 26). We observed hypermethylation

of FSCN2 in BD monocytes and CD4+ T cells. Hypomethylation of SSH1, a cofilin-

phosphatase which regulates actin filament dynamics of cell migration (27), was observed in

BD monocytes, but not CD4+ T cells. In monocytes and CD4+ T cells, we observed

hypermethylation of BAIAP2L1 (IRTKS), which functions in actin bundling and cell

migration (28, 29).

In BD CD4+ T cells, RAC1 displays the highest level of hypomethylation between BD

patients and controls. Further, partial restoration of reduced RAC1 methylation was observed

in BD patients after disease remission. Differential methylation of RAC1 accessory proteins

was also detected in BD monocytes including actin regulatory protein ARHGAP24 which

functions to reduce expression of Rac1 and Cdc42 in murine podocytes (30). MPRIP, which

was hypomethylated in BD monocytes, is involved in the formation of actin structures that

underlay T cell migration through the activation of RAC1 (31). Following treatment in BD

monocytes and CD4 + T cells, we observed hypermethylation of Synaptojanin 2 (SYNJ2), a

RAC1 effector that regulates clathrin-mediated endocytosis and invadopodia formation (32).

In lymphocytes, myosin motor proteins perform a variety of cellular functions including

regulation of the cytoskeleton, projections of the cell surface, and cell membrane processes

(e.g. phagocytosis) (33). Myosin light chain phosphorylation influences monocyte migration

through the endothelial barrier (34). Class II myosins function in cell motility through

regulating actin polymerization in the formation of lamellipodia. MYH9 is involved in

abrogation of T cell motility upon antigen recognition and focal adhesion (35). In BD

monocytes, we observed hypermethylation of Obscurin (OBSCN) and ANK1. Obscurin is

involved in myofibril organization through its regulation of TC10 (RhoQ) and also interacts

with ANK1.(36, 37) Myosin heavy chain 15 (MYH15) was hypermethylated in BD

monocytes and CD4+ T cells. Further, altered methylation of myomesin 2 (MYOM2) was

observed in BD CD4+ T cells.

Immune complex formation might be involved in the pathogenesis of BD (38). Interestingly,

cytoskeletal components are frequent targets of autoimmune complexes in BD, and

antibodies recognizing intermediate filaments of the cytoskeleton have been observed (39).

Further, auto-antibodies targeting Cofilin-1, tubilin-like, and actin-like self-antigens been

observed in a subset of patients (40).

We examined the effect of treatment and disease remission on DNA methylation changes in

BD monocytes and CD4+ T cells. Colchicine is commonly used as a first-line treatment for

mucocutaneous manifestations of BD and was the primary medication used to manage the

disease in the patients included in this study. The effectiveness of colchicine in limiting BD

severity is thought to lie in its ability to attenuate leukocyte chemotaxis (41). Colchicine is

known to limit cell motility through the disruption of microtubule organization and

structure. Consistent with this known effect of colchicine, a number of genes related to

microtubule formation and organization are differentially methylated in both monocytes and
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CD4+ T cells following treatment. Following treatment, hypermethylation of kinesin family

member 2A (KIF2A) and hypomethylation of tubulin polymerizing promoting protein

(TPPP) were observed in monocytes and CD4+ T cells. Interestingly, a deficiency of kinesin

2 results in weakened intercellular adhesion without affecting adherens junction components

at the plasma membrane (42). Upregulation of TPPP has been reported to induce altered

microtubule structure and reduce cell viability (43).

In BD monocytes we observed hypermethylation of tubulin folding cofactor D (TBCD) that

is reversed upon treatment. Similarly, hypomethylation of TRIM39 in BD monocytes is also

reversed following treatment. A genetic association between TRIM39, which encodes is a

RING domain-containing E3 ubiquitin ligase, and BD has been previously reported in a

Japanese population (44). Of interest, we also detected hypomethylation in UBAC2 in BD

monocytes, which encodes a protein with a ubiquitin-associated domain, suggesting a role

for this gene product in ubiquitination pathways. UBAC2 is a confirmed genetic

susceptibility locus in BD and the risk allele in this locus has been shown to be associated

with increased UBAC2 mRNA expression in PBMCs (45). The DNA hypomethylation

detected in UBAC2 is almost completely restored upon disease remission in our patients.

Differential methylation in several HLA class II loci was notable primarily in CD4+ T cells

in BD. Specifically, hypomethylation across several CpG sites in the HLA-DRB5 and HLA-

DRB6 was observed. There is currently no strong evidence for a genetic susceptibility locus

within the HLA class II in BD, despite evidence for multiple independent susceptibility loci

located within the HLA class I (12).

In summary, our data provide evidence for epigenetic remodeling and reversal of specific

DNA methylation changes following disease remission in an inflammatory disease. This

observation emphasizes the potential for epigenetic studies to uncover novel aspects of

disease pathogenesis and therefore the identification of new targets for disease monitoring

and treatment. We provide strong evidence that dynamic and reversible epigenetic changes

in cytoskeletal remodeling genes might play an important role in the pathogenesis of BD.

We report epigenetic remodeling among BD-associated variation in DNA methylation

following treatment which acts to reverse DNA methylation differences observed between

BD cases and controls (Figure 2). DNA methylation changes restored upon disease

remission represent potential biomarkers for disease activity and treatment responsiveness in

BD. A large longitudinal study will be necessary to fully explore these altered DNA

methylation changes as biomarkers. Future studies to characterize the capacity of specific

DNA methylation changes in BD and other inflammatory and autoimmune diseases to

predict disease manifestations, clinical course, and response to treatment are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Differential methylation in Behçet’s disease monocytes and CD4+ T cells
(A) Differential methylation is observed between 16 male Behçet’s disease (BD) cases and

16 age-, sex-, and ethnicity-matched controls. In monocytes, 383 CpG sites were

differentially methylated, of which 254 were hypomethylated and 129 were

hypermethylated. In CD4+ T cells, 125 differentially methylated CpG sites were observed,

67 of which were hypomethylated and 58 were hypermethylated. Differentially methylated

CpG sites are arranged with hypomethylated sites on the left and hypermethylated sites on

the right within each panel. For each CpG site the average beta values, which represent

percent methylation are shown (red: BD cases, black: controls). The distance between each

point and the continuous red line represents the extent of differential methylation (BD Case

Methylation – Control Methylation). (B) Differential methylation of a number of genes

related to cytoskeletal dynamics is observed in BD monocytes and CD4+ T cells. Shown are

differences in average methylation between BD cases and matched controls (Mean, SEM).
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Figure 2. Treatment restores DNA methylation changes in Behçet’s disease
(A) CpG sites differentially methylated upon treatment (|Differential score| ≥22, |Delta-beta|

≥ 0.05) are plotted according to differences in DNA methylation observed between BD

patients and controls on the x-axis and change in methylation upon treatment on the y axis.

CpG sites hypomethylated in BD patients lie to the left of the vertical dotted line, while

hypermethylated sites lies to the right. CpG sites with increased and decreased methylation

following treatment lie above and below the horizontal dotted line, respectively. CpG sites

contained in the upper-left and lower-right quadrants are those in which treatment acts to

reverse differences observed between BD cases and controls. Enrichment of treatment-

responsive CpGs in the upper-left and lower-right quadrants of the plot demonstrates that

treatment acts to reverse BD methylation differences. (B) In 93 of the 94 BD-associated

differentially methylated CpG sites in monocytes that also display differential methylation in

patients following disease remission, the direction of methylation change is opposite to that

observed between patients and healthy controls. Red bars represent the difference in percent

methylation between patients and controls, while blue bars represent the difference in
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percent methylation on the same CpG sites between patients after disease remission

compared to the same patients before treatment.
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Table 3

Gene ontology analysis of differentially methylated CpG sites in monocytes from Behçet’s disease patients

compared to healthy controls

Category Description Genes P Value FDR (%)

Monocytes

MF:0008092 Cytoskeletal protein binding OBSCN, MYH15, SSH1, MYO1C, FSCN2, BAIAP2L1, BAIAP2,
MYO1D, RPH3AL, SYNPO2, HOMER2, TNNI2, MPRIP,
KIF1B, ANK1

0.0024 3.37

CC:0015629 Actin Cytoskeleton MYH15, FSCN2, MYO1C, MYO1D, FERMT1, SYNPO2,
SLC9A3R1, BMF, FILIP1L, TNNI2

0.0037 4.75

CC:0031430 M band OBSCN, ANK1, ENO1 0.0044 5.59

CC:0016459 Myosin Complex MYH15, MYO1C, MYO1D, BMF, FILIP1L 0.0064 8.04

CC:0030016 Myofibril HDAC4, OBSCN, ANK1, MYH15, TNNI2, ENO1 0.0088 10.87

MF:0008093 Cytoskeletal adaptor activity ANK1, BAIAP2L1, BAIAP2 0.0097 12.92

CC:0005737 Cytoplasm TGOLN2, MYH15, CHMP6, C16ORF70, MIPEP, CUL3,
NLRC4, ANK1, EDARADD, BSG, BCL2L14, BAIAP2, HAL,
PDE4D, RPTOR, NPC1, ATP2C1, TRIM34, PCMTD1,
FILIP1L, ANKFY1, MCTS1, TRIM39, SH3GL1, SSH1,
PFKFB3, GNE, CLU, CALR, AZI1, SCRIB, ADAP1, JRK,
ARG1, LPCAT1, GALNS, DHODH, RNF11, DYRK4, GLO1,
TRAF6, BMF, TEC, B4GALT5, PTPN7, OBSCN, UAP1, ABR,
MYO1C, NXF2, RPS9, SULT6B1, HOMER2, MPRIP, TNNI2,
HDAC4, LASS3, HIVEP3, COPS2, MAD1L1, FERMT1, IL4I1,
CD93, CHST12, TRIM6, CHST15, ACAD8, GOLGA3, PIGY,
RPH3AL, ARHGAP24, PRKCB, EML4, EIF4G1, KIF1B,
HIPK3, LRMP, GNAS, PCYOX1, TRIM6-TRIM34, SEC14L1,
STK40, DAPP1, CCS, ETV6, PCSK6, EXOC2, ENO1,
FAM125B, NXF2B, SYNPO2, PARK2, STAB2, CSGALNACT1,
MRPL21, RPS6KA2, TRPC4AP, CYP4F3, RAB38, SLC15A4,
VPS28, ACSM5, CBS

0.011 13.81

CC:0043292 Contractile fiber HDAC4, OBSCN, ANK1, MYH15, TNNI2, ENO1 0.012 15.07

CC:0005856 Cytoskeleton MAD1L1, MYH15, SSH1, GNE, DNAH3, FERMT1, AZI1,
ANK1, BMF, DLG2, FSCN2, MYO1C, MYO1D, NXF2B,
NXF2, SYNPO2, PDE4D, SLC9A3R1, ARHGAP24, HOMER2,
RGS14, TNNI2, MPRIP, EML4, KIF1B, TBCD, FILIP1L

0.014 16.44

CC:0031672 A band OBSCN, ANK1, ENO1 0.014 16.72

BP:0009225 Nucleotide-sugar metabolic process CSGALNACT1, UAP1, GNE 0.012 18.04

CC:0005802 Trans-Golgi network k TGOLN2, ATP2C1, C16ORF70, GNAS 0.015 18.32

MF:0003779 Actin binding MYH15, SSH1, FSCN2, MYO1C, BAIAP2L1, MYO1D,
SYNPO2, HOMER2, TNNI2, MPRIP

0.015 18.75

CC:0012505 Endomembrane system MAD1L1, BSG, BCL2L14, PIGY, MYO1C, CHMP6,
C16ORF70, RPH3AL, CSGALNACT1, NPC1, KIF1B, ATP2C1,
CHST12, LRMP, GNAS, CYP4F3, GOLGA3

0.017 19.91
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Table 4

Gene ontology analysis of differentially methylated CpG sites in CD4+ T cells from Behçet’s disease patients

compared to healthy controls

Category Description Genes P Value FDR (%)

KEGG:hsa05310 Asthma HLA-DQB1, EPX, PRG2, HLA-DRB5, HLA-DQA1 8.21E-07 7.42E-04

KEGG:hsa05416 Viral myocarditis HLA-DQB1, MYH15, RAC1, HLA-DRB5, HLA-
DQA1

3.14E-05 0.0284

KEGG:hsa04612 Antigen processing and presentation HLA-DQB1, HLA-DRB5, NFYA, HLA-DQA1 0.0013 1.21

CC:0042613 MHC class II protein complex HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0029 3.32

KEGG:hsa05330 Allograft rejection HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0042 3.74

KEGG:hsa05332 Graft-versus-host disease HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0049 4.36

KEGG:hsa04940 Type I diabetes mellitus HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0057 5.03

BP:0002504 Antigen processing and presentation
of peptide or polysaccharide antigen
via MHC class II

HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0043 6.06

KEGG:hsa04672 Intestinal immune network for IgA
production

HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0077 6.74

CC:0015629 Actin cytoskeleton MYH15, FSCN2, MYOM2, FERMT1, TNNI2 0.0064 7.18

KEGG:hsa05320 Autoimmune thyroid disease HLA-DQB1, HLA-DRB5, HLA-DQA1 0.0083 7.26

OMIM Celiac disease, susceptibility to HLA-DQB1, HLA-DQA1 0.011 8.60

CC:0043234 Protein complex HLA-DQB1, MYH15, TOLLIP, FERMT1, NFYA,
HLA-DQA1, GJB1, TNNI2, MYOM2, HLA-DRB5,
TUBB8, IFFO1, NCOR2, GOLGA3, GABRP

0.008 8.90

PANTHER:P00016 Cytoskeletal regulation by Rho
GTPase

RHOJ, MYH15, RAC1, TUBB8 0.012 9.00

CC:0042611 MHC protein complex HLA-DQB1, HLA-DRB5, HLA-DQA1 0.011 11.90

CC:0032991 Macromolecular complex HLA-DQB1, MYH15, TOLLIP, FERMT1, NFYA,
HLA-DQA1, GJB1, TNNI2, JRK, MYOM2, HLA-
DRB5, TUBB8, IFFO1, GOLGA3, NCOR2, GABRP

0.019 19.77

MF:0008092 Cytoskeletal protein binding MYH15, FSCN2, BAIAP2L1, FRMD4A, RPH3AL,
TNNI2

0.018 19.79
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