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Abstract

This study examines whether or not MBD4 polymorphism is a marker for rhematoid

arthritis (RA) susceptibility or severity for Chinese patients in Taiwan. This study included

193 patients with RA while 190 unrelated healthy individuals living in Central Taiwan served

as controls. The relationship between MBD4 polymorphism and clinical manifestations of

RA was evaluated. For the genotype and allelic frequency of MBD4-1057 polymorphism,

there were no statistically significant differences between RA patients and controls. There

were significant differences in the distribution of MBD4-8666 polymorphism frequencies

between RA patients and controls [p = 0.013; Pcorrected (Pc)= 0.039]. There were also

significant relationships in the distribution of MBD4-9229 polymorphism genotype between

RA patients and controls (p = 0.007; Pc = 0.021). However, we did not detect any

associations for MBD4-1057, -8666 or -9229 with rheumatoid factor (RF) presence, extra-

articular involvement or bone erosion in RA patients. Results suggest that MBD4-8666 and -

9229, but not -1057, gene polymorphisms are related to RA in Chinese patients in Taiwan.
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Introduction

Rheumatoid arthritis (RA) is characterized by joint inflammation, along with several

peripheral inflammatory manifestations [1]. It is known to involve chronic synovitis, leading

to destruction of joint tissue (cartilage and bone) and consequently, serious impairment of

joint functions [2]. There is evidence of immunopathogenesis in genetically susceptible hosts

[3, 4]. However, the genetic basis of RA is largely unknown.

DNA methylation is an epigenetic regulator of several biological processes, including

embryonic development, gene transcription, X-chromosome inactivation, genomic imprinting

and chromatin modification [5–8]. Defective regulation of DNA methylation is associated

with the pathogenesis of autoimmune diseases, such as systemic lupus erythematosus (SLE),

RA, systemic sclerosis and subacute cutaneous lupus erythematosus, but not with

dermatomyositis [9-11]. Methylcytosine bases within promoter regions suppress transcription

through association with methyl-CpG-binding domain proteins (MBDs) [13]. MBDs inhibit

transcription factor binding by recruiting silencing complexes and histone deacetylases,

thereby stabilizing and consolidating the heterochromatic state [14, 15]. Five genes belonging

to the MBD family, each characterized by a methyl-binding domain, have been identified in

mammalian genomes: MBD1, MBD2, MBD3, MBD4, and MeCP2 [16].

There is a growing body of evidence that supports the notion that MBD4 plays an

important role in DNA methylation and carcinogenesis. A few studies have demonstrated the

relationship between MBD4 polymorphisms and susceptibility to cancer, including

esophageal squamous cell carcinoma and lung cancer [17-19]. However, little is known about

the relationship between RA and MBD4 gene polymorphism. We hypothesize that genetic

variants in MBD4 are associated with RA risk. This study examines polymorphisms for the

MBD4-1057, -8666 and -9229 genes to determine whether or not they are markers for RA

susceptibility or severity by focusing on single nucleotide polymorphisms (SNPs).
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Patients and Methods

We enrolled 193 patients (168 females) diagnosed with RA (1987, revised American

College of Rheumatology criteria) [20]. Their median age was 55 (range: 26-71). We also

recruited 190 unrelated healthy individuals (169 females) living in Central Taiwan to serve as

control subjects. Their median age was 53 (range: 23-69). This study was approved by the

Institutional Review Board (IRB) at China Medical University Hospital prior to patient

enrollment. Informed consent was obtained from all participants. Nephelometry was used for

rheumatoid factor (RF) detection. Values ≧30 Iu/ml were deemed positive. Presence or

history of extra-articular features for RA were noted [21]. Radiography for hands, wrists and

feet for the RA patients were obtained. Bone erosion was evaluated by a radiologist and a

rheumatologist. We noted only the presence or absence of erosion, with no calculation of

radiological score.

Genomic DNA was extracted from peripheral blood using a genomic DNA isolation

reagent kit (Genomaker, Taiwan). Polymerase chain reaction (PCR) for MBD gene

polymorphism was carried out to a total volume of 25 μl, containing genomic DNA (2-6

pmole of each primer); 1X Taq polymerase buffer (1.5 mM MgCl2); and 0.25 units of

AmpliTaq DNA polymerase (Perkin Elmer, Foster City, Calif, USA). For detection of

MBD4-1057, a 348-bp fragment was amplified using nested PCR. The primer used was

upstream5’- TTCAAAGTCAGGCCAAGACC-3’ and downstream5’-

ATAAAATCAGCGTCGCTTGC-3’. PCR amplificationwas performed in a programmable

thermal cycler [Gene Amp PCR System 2400 (Perkin- Elmer)]. Cycling conditions for

MBD4-1057 polymorphism were set as follows: one cycle at 94°C for 5 min, 35 cycles at 94°

C for 30 sec, 35 cycles at 60°C for 30 sec, and 35 cycles at 72°C for 40 sec, and one final

cycle of extension at 72°C for 7 min. PCR was followed by incubation with two units of Mnl

I (New England Biolabs, Beverly,USA); 10 l of the product was then loaded onto a 3%
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agarose gel containing ethidium bromide for electrophoresis. As shown in Table 1, PCR

procedures for MBD4-8666 and MBD4-9229 were the same as those for MBD4-1057.

Allelic frequencies were expressed as percentages of the total number of alleles. Results

from controls and RA patients were compared using χ2 (2 x 2 contingency tables). When the

assumptions for the chi-squared test were violated and one cell had an expected count of <1,

or more than 20% of cells had an expected count of <5, Fisher’s exact test was used. The

distribution of MBD4 gene polymorphisms were evaluated for each group. Because of the

multiple analysis conducted, the Bonferroni correction was applied to produce corrected

probabilities (Pc). A p-value of less than 0.05 was considered statistically significant. Odds

ratios (OR) were calculated from allelic frequency with a 95% confidence interval (95% CI)

for MBD4 gene polymorphism.

Results

Genotype frequencies for RA and control groups are shown in Table 2. Among the 193

RA patients, 160 (90.9%) had MBD4-1057 genotype TT, 15 (8.5%) had T/C and one patient

(0.6%) had CC. Among the 190 controls, the MBD4-1057 genotype TT was found in 158

(86.3%), T/C was found in 22 (12.0%), and CC was found in three (1.7%). There were no

significant differences in MBD-1057 polymorphic distribution between controls and RA

patients (p=0.33). There was also no significant association for MBD4-1057 allelic frequency

between RA patients and control subjects (p=0.12), giving an odds ratio of 1.63 for the T

allele (95% confidence interval: 0.88-3.04). However, 74 patients with RA (40.4%) had

MBD4- 8666 genotype GG, while 80 (43.7%) had G/A and 29 (15.9%) had AA. Among

controls, the MBD4- 8666 genotype GG was found in 49 subjects (26.5%), while G/A was

noted in 99 (53.5%) and AA was found in 37 (20.0%). There were significant differences in

the polymorphic distribution for MBD4- 8666 between controls and RA patients (p=0.018),
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giving an odds ratio of 1.93 for the GG genotype (95% confidence interval: 1.05-3.53). There

were also significant associations in allelic frequency for MBD4-8666 between RA patients

and controls (p=0.013; Pc = 0.039), giving an odds ratio of 1.45 for the G allele (95%

confidence interval 1.08-1.95). For MBD4-9229, 58 RA patients (30.7%) had genotype TT,

while 84 (44.4%) had T/C and 47 (24.9%) had AA. Among controls, the MBD4- 9229

genotype TT was found in 29 subjects (16.7%), while T/C was found in 97 (56.1%) and CC

was noted in 47 (27.2%). There was a significant difference in MBD4-9229 polymorphic

distribution between controls and RA patients (p=0.007; Pc = 0.021), giving an odds ratio of

2.0 for the TT genotype (95% confidence interval: 1.10-3.65). There was also significant

association in the allelic frequency for MBD4-9229 between RA patients and controls

(p=0.03), giving an odds ratio of 1.38 for the T allele (95% confidence interval: 1.03-1.86).

Clinical manifestations and laboratory findings for RA patients are shown in Table 3. The

associations of MBD4 with particular clinical features of RA were examined. We did not

detect any association between MBD4-1057 with the rheumatoid factor (RF), extra-articular

involvement or bone erosion (p= 0.7, 0.48 and 0.59, respectively). We also did not find any

relationships for MBD4-8666 and MBD4-9229 with the same clinical manifestations (p=

0.33, 0.78, 0.47, and p= 0.06, 0.48, 1.49, respectively). However, we did observe increased

frequencies for RF among RA patients with the TT genotype (83.1%) when compared with

CC (62.5%). However, this difference did not reach statistical significance (p=0.06).

Discussion

MBD4, also known as MED1 (methyl-CpG binding endonuclease 1), was identified as a

methyl-CpG binding protein in 1998 [22]. This protein contains an N-terminal 5-

methylcytosine–binding domain (MBD), which allows binding to methylated DNA, and a C-

terminal catalytic domain with homology to bacterial DNA damage–specific
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glycosylases/lyases. It is therefore thought to be an important component of a system that

maintains the integrity of the methylation pattern throughout the genome [23–24]. Enzymatic

removal of 5-methylcytosine from DNA by MBD4 can suppress CpG mutability [25]. MBD4

has also been shown to play an important role in genomic surveillance and apoptosis progress

through interaction with the MLH1 repair protein and the Fas ligand protein [26-27].

Some medications that cause drug-induced lupus (procainamide, hydralazine), as well as

ultraviolet light, can inhibit DNA methylation in cloned T-cell lines and can induce self-

reactivity [28]. Such agents induce overexpression of lymphocyte function-associated

antigen-1 (LFA-1), which confers an autoreactive status to T-cells [29]. CD4+ T-cells from

patients with active lupus hypomethylate DNA and overexpress LFA-1 on an autoreactive

subset, which spontaneously lyses autologous macrophages, which supports the hypothesis

that methylation inhibition is sufficient to cause lupus-like illness [30-31]. Defective

regulation of DNA methylation is associated with the pathogenesis of autoimmune diseases,

such as systemic lupus erythematosus (SLE), RA, systemic sclerosis and subacute cutaneous

lupus erythematosus, but not dermatomyositis [9-12]. Regarding MBD4, its deficiency seems

to reduce the apoptotic response [32]. In fact, MBD4 can directly participate in this process

by interacting with the Fas-associated death domain protein [33]. An increase in MBD4

expression could induce an abnormal rate of cell death, which would account for the

increased cell apoptosis and impaired clearance of dying cells frequently found in SLE

patients. Balada et al., demonstrated that MBD4 levels in SLE patients are significantly

increased and hypothesized that MBD4 may have an active role in the global demethylation

observed in SLE patients [10]. Richardson et al. demonstrated the relationship between DNA

hypomethylation and RA [9]. That study proposed that chronic T-cell activation could affect

T-cell DNA methylation, which remains a possibility for RA.

In vivo experiments have also indicated that MBD4 can mediate cellular responses to
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DNA damage and is a tumor suppressor gene candidate [26, 34-35]. MBD4 may play an

important role in DNA methylation and carcinogenesis. A few studies have demonstrated the

relationship between MBD4 polymorphism and susceptibility to cancer, including esophageal

squamous cell carcinoma and lung cancer [17-19]. However, little is known about the

relationship between RA and MBD4 polymorphism.

To the best of our knowledge (MEDLINE literature search), an association between MDB4

polymorphism and RA has not been demonstrated before. We hypothesized MBD4 to be

associated with RA risk. This study examined the MBD4-1057, -8666 and -9229 variants to

determine whether or not they are markers for RA susceptibility or severity by focusing on

SNPs. We compared allelic and genotypic frequencies between 193 Chinese RA patients and

190 healthy individuals in Taiwan. There were significant differences in the distribution of

MBD4-8666 frequencies between RA patients and controls (p= 0.013; Pc = 0.039). There

were also significant relationships in MBD4-9229 genotype between RA patients and

controls (p= 0.007; Pc = 0.021). We conjecture that MBD4-8666 and -9229 gene

polymorphisms may promote MBD4 gene expression and cause the global demethylation in

patients with RA.

This study suggests that MBD4-8666 and -9229, but not -1057, are related to RA in

Chinese patients in Taiwan. However, there are no associations between the genotype of

MBD4-1057, -8666, and -9229 and rheumatoid factor (RF), extra-articular involvement or

bone erosion.
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Table 1. Primer panel for MBD4 gene application.

Gene SNPs rs # Alleles Primers
PCR
product
size (bp)

PCR conditions Restriction
enzyme site

DNA
fragment size
(bp)

Forward:5'-TTCAAAGTCAGGCCAAGACC-3' T：348
MBD4-1057 rs2311394 C/T

Reverse:5'-ATAAAATCAGCGTCGCTTGC-3'
348 57℃ MnlI

C：202+146

Forward:5'-ATCATGCAAGGCCAGTTTT-3' A:100+189+31
MBD4-8666 rs3138355 A/G

Reverse:5'-TCTCTCCAGTCTGCGGTTCT-3'
320 60℃ AluI

G: 289+31

Forward:5'-CCAAACCACAGTCTCCCAC-3' C: 123+14+151+16

MBD4

MBD4-9229 rs2005618 C/T
Reverse:5'-AGACACCCTCCCAAAATGTG-3'

304 58℃ MnlI
T: 123+165+16
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Table 2. Comparison of MBD4 genotype distribution and allelic frequencies observed in RA patients and healthy control subjects.

RA Controls
Gene name, SNP database ID

Number (%) Number (%)
p-value (Pcorrected) Odds Ratio (95% CI)

MBD4-1057

T/T 160(90.9) 158(86.3) 0.333 (0.999) 3.04 (0.31-29.52)

T/C 15(8.5) 22(12.0) 2.05 (0.19-21.59)

C/C 1(0.6) 3(1.7) 1.00

T allele 335(95.2) 338(92.3) 0.119 (0.357) 1.63 (0.88-3.04)

C allele 17(4.8) 28(7.7) 1.00

MBD4-8666

G/G 74(40.4 %) 49(26.5%) 0.018 (0.054) 1.93 (1.05-3.53)

G/A 80(43.7%) 99(53.5%) 1.03 (0.58-1.82)

A/A 29(15.9 %) 37(20.0%) 1.00

G allele 228(62.3%) 197(53.2%) 0.013 (0.039)* 1.45 (1.08-1.95)

A allele 138(37.7%) 173(46.8%) 1.00

MBD4-9229

T/T 58(30.7%) 29(16.7%) 0.007 (0.021)* 2.00 (1.10-3.65)

T/C 84(44.4%) 97(56.1%) 0.87 (0.53-1.43)

C/C 47(24.9%) 47(27.2%) 1.00

T allele 200(52.9%) 155(44.8%) 0.029 (0.087) 1.38 (1.03-1.86)

C allele 178(47.1%) 191(55.2%) 1.00

All p-values represent chi-square test results.
*Denotes statistical significance after Bonferroni correction.
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Table 3. Relationships between MBD4-1057, -8666 & -9229 genotypes and clinical signs and findings for RA patients

MBD4-1057 MBD4-8666 MBD4-9229

C/C C/T T/T p-value A/A A/G G/G p-value C/C C/T T/T p-value

(n=1) (n=15) (N=159) (n=29) (n=79) (n=75) (n=48) (n=82) (n=59)

RF (+) 1 10 117 0.70 19 56 59 0.33 30 60 49 0.06
(100%) (66.7%) (73.6%) (0.65%) (0.71%) (0.79%) (0.63%) (0.73%) (0.83%)

extra-anticular 1 6 76 0.48 13 36 38 0.78 24 35 31 0.48
involvement (100%) (40%) (47.8%) (0.45%) (0.46%) (0.51%) (0.5%) (0.43%) (0.53%)

bone erosion 0 8 79 0.59 12 39 41 0.47 27 40 28 1.49
(0%) (53.3%) (49.7%) (0.41%) (0.49%) (0.55%) (0.56%) (0.49%) (0.47%)


