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ABSTRACT. Objective. Peptidylarginine deiminase type 4 (PADI4) and methyl-CpG binding domain 4 (MBD4) are

closely related with rheumatoid arthritis (RA). We hypothesized that PADI4 and MBD4 polymorphisms
may contribute to RA susceptibility.

Methods. We studied PADI4 152240340 G/A, PADI4 15874881 C/G, MBD4 rs140693 G/A, and MBD4
152005618 T/C gene polymorphisms in 329 patients with RA and 697 controls in a Chinese population.
Genotyping was done using matrix-assisted laser desorption/ionization time-of-flight mass spectro-
metry (MALDI-TOF MS).

Results. When the PADI4 152240340 GG homozygote genotype was used as the reference group, the
AA genotype was associated with a significantly increased risk of RA. In the recessive model, when
PADI4 152240340 GG/GA genotypes were used as the reference group, the AA homozygote genotype
was associated with a significant increased susceptibility to RA. PADI4 rs874881 C/G was in complete
linkage disequilibrium with PADI4 rs2240340 G/A. MBD4 rs140693 G/A and MBD4 152005618 T/C
polymorphisms were not associated with the risk of RA. In stratification analyses, a significantly
increased risk for RA associated with the PADI4 152240340 AA genotype was evident among older
patients and patients who were anticitrullinated protein antibody (ACPA)-positive compared with the
PADI4 152240340 GG/GA genotype.

Conclusion. These findings suggest that the functional single-nucleotide polymorphism PADI4
1$2240340 G/A variant allele is associated with RA development, especially among older patients and
ACPA-positive patients. However, our results were obtained from a moderate-sized sample, and there-
fore this is a preliminary conclusion. Validation by a larger study from a more diverse ethnic popula-
tion is needed to confirm these findings. (J Rheumatol First Release April 15 2012; doi:10.3899/

jrheum.120007)
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Rheumatoid arthritis (RA) is characterized by synovitis, pro-
gressive erosions, and cartilage destruction. RA is a chronic
inflammatory disease with genetic and environmental predis-
posing factors'2. RA affects ~1% of the world population, and
women are affected more than men3. It is estimated that <
55% of the population variance in RA is genetic*.
Anticitrullinated protein antibodies (ACPA) have been
specifically observed in the sera of patients with RA, and are
a powerful, specific marker for RAS. ACPA appears early in
RA, suggesting that it may have a specific role in the patho-
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genesis of the disease®. Peptidylarginine deiminases (PADI)
post-translationally modify peptidylarginine to citrulline in
the presence of calcium ions, and can change the conforma-
tion and functional properties of target proteins after citrulli-
nation’. PADI4 is one of several isoenzymes permitting
post-translational conversion of arginine residues to citrulline,
and this may be related to the production of anti-CCP3. PADI4
has been identified as one of the RA susceptibility genes, and
has been reported to be associated with the level of ACPA in
patients with RA®. PADI4 is mainly distributed in the cells of
various hematopoietic lineages, and is expressed at high levels
in the inflamed synovium of patients with RA. PADI4 is
responsible for fibrin citrullination and is involved in apopto-
sis!0. The PADI4 gene is located on chromosome 1p36, and
has been associated with RA in Japanese and European popu-
lations!!. One large-scale genome-wide, case-control study
found that a PADI4 polymorphism was distinctly associated
with RA. Suzuki, et al showed that the PADI4 susceptibility
haplotype had significantly increased mRNA stability com-
pared with the nonsusceptibility haplotype®. This might be
due to increased levels of the PADI4 enzyme, with consequent
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increased protein citrullination, which may diminish immune
tolerance, leading to production of ACPA and disease®.
Further analyses have revealed a functional haplotype that
affects the stability of transcripts of PADI4 and which is also
associated with levels of ACPA in the sera of patients with
RA®. A recent metaanalysis revealed associations of PADI4
152240340 G/A with RA in the East Asian population'?.
However, associations at this locus are largely limited to
Asians!3.

Methylated CpG sites are recognized by a family of protein
factors containing the methyl-CpG-binding domain (MBD).
The MBD4 gene encodes a protein containing a methyl-CpG-
binding domain and can remove enzymatically thymine (T) or
uracil (U) from a mismatched CpG site in vitro'*. MBD4
plays an important part in “genomic surveillance” and the
progress of apoptosis by interacting with the MLH1 repair
protein’> and the Fas ligand protein!®. Three studies have
examined a single-nucleotide polymorphism (SNP) in MBD4
and observed an association with an altered risk of lung can-
cer! 718 and squamous carcinoma of the esophagus'®. MBD4
rs140693 G/A tagging SNP is associated with the risk of
developing lung cancer in a Chinese population'®. One study
suggested that MBD4 polymorphisms were related to RA in
Chinese patients in Taiwan, including MBD4 rs2005618 T/C
SNP?0. However, further investigations were not conducted.

Functional variations in PADI4 and MBD4 genes may con-
tribute to the development of RA. We therefore undertook
genotyping in a hospital-based case-control study in a cohort
of 329 patients with RA and 697 controls in a Chinese
population.

MATERIALS AND METHODS

Study subjects. We obtained approval of the study protocol from the Ethics
Committee of Nanjing Medical University (Nanjing, China). All patients pro-
vided written informed consent to be included in the study.

Three hundred twenty-nine patients with RA who fulfilled the criteria for
RA set by the American College of Rheumatology in 19872! were consecu-
tively recruited from the Changzhou Second Hospital — Affiliated Hospital of
Nanjing Medical University, the Changzhou First Hospital, and the
Changzhou Traditional Chinese Medical Hospital (all located in Changzhou,
China), between September 2010 and October 2011. The controls were
patients without RA, matched for age (+ 5 yrs) and sex, and recruited from
the same institutions during the same time period; most of the controls were
admitted to the hospitals for treatment of trauma.

Each patient was interviewed by trained personnel using a pretested ques-
tionnaire to obtain information on demographic data and related risk factors
for RA. After the interview, 2 ml of peripheral blood was collected from each
subject.

Isolation of DNA and genotyping by matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry (MALDI-TOF MS). Blood samples were
collected using vacutainers and transferred to test tubes containing ethylene-
diamine tetraacetic acid (EDTA). Genomic DNA was isolated from whole
blood using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).
Genotyping was done by MALDI-TOF MS using the MassARRAY system
(Sequenom, San Diego, CA, USA) as described?2. Cases and controls at a
proportion of ~1:2 were assayed. Completed genotyping reactions were spot-
ted onto a 384-well spectroCHIP (Sequenom) using a MassARRAY
Nanodispenser (Sequenom), and analyzed by MALDI-TOF-MS. Genotype

calling was done in real time with MassARRAY RT software (version 3.1;
Sequenom), and analyzed using MassARRAY Typer software (version 4.0;
Sequenom; Figures 1-4). For quality control, repeated analyses were under-
taken on 10% of randomly selected samples.

Statistical analyses. Differences in demographics, variables, and genotypes of
the PADI4 152240340 G/A, PADI4 rs874881 C/G, MBD4 rs140693 G/A, and
MBD4 152005618 T/C polymorphism variants were evaluated using a chi-
squared test. Associations between PADI4 rs2240340 G/A, PADI4 rs874881
C/G,MBD4 15140693 G/A, and MBD4 rs2005618 T/C genotypes and risk of
RA were estimated by computing odds ratios (OR) and 95% confidence inter-
vals (CI) using logistic regression analyses, and by using crude OR. Hardy-
Weinberg equilibrium (HWE) was tested by a goodness-of-fit chi-squared test
to compare observed genotype frequencies to expected frequencies among
controls. All statistical analyses were done with SAS software (version 9.1.3;
SAS Institute, Cary, NC, USA).

RESULTS
Characteristics of the study population. Among 329 patients
and 697 controls who provided DNA samples, genotyping for
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Figure 1. Genotyping of peptidylarginine deiminase Type 4 rs2240340 G/A
polymorphism by MALDI-TOF MS.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved. |—
2 The Journal of Rheumatology 2012; 39:6; doi:10.3899/jrheum.120007

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

874881
& NocCalls) A C(122) W CG(178) ¥ G(74)

12+

-

m.__
v
- ¥
¥
¥
¥
ot ¥
¥
Bl .
it
v
56--}
T -
v
v
- ¥
¥
44 ¥
¥
i
i
¥
2__

o
Ak & A
fesdin B A0 . 4
wdidit, », Ad

it a A
0+ 7 e ¥ 3 Alft.t*
Ll

11 I T

I . . I

2 4 6 8 10 12
Low Mass Height

Figure 2. Genotyping of peptidylarginine deiminase Type 4 rs874881 C/G by

MALDI-TOF MS.

the PADI4 152240340 G/A polymorphism was successful in
324 (98.5%) patients and 695 (99.7%) controls. The demo-
graphic and clinical characteristics of all subjects are summa-
rized in Table 1. Subjects were adequately matched for age
and sex (p = 0.829 and 0.190, respectively). The genotype dis-
tributions of PADI4 rs2240340 G/A, PADI4 rs874881 C/G,
MBD4 15140693 G/A, and MBD4 rs2005618 T/C in all sub-
jects are illustrated in Table 2. The observed genotype fre-
quencies for the polymorphism in controls were in HWE for
PADI4 152240340 G/A (p =0.751), PADI4 rs874881 C/G (p =
0.803), MBD4 15140693 G/A (p = 0.643), and MBD4
152005618 T/C (p = 0.511).

Associations between PADI4 rs2240340 G/A, PADI4
rs874881 C/G, MBD4 rs140693 G/A, and MBD4 rs2005618
T/C polymorphism and risk of RA. The genotype frequencies
of the PADI4 rs2240340 G/A polymorphism were 31.5%

140693
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Figure 3. Genotyping of methyl-CpG binding domain 4 rs140693 G/A poly-
morphism by MALDI-TOF MS.

(GG),46.9% (GA), and 21.6% (AA) in patients with RA, and
35.1% (GG), 48.8% (GA), and 16.1% (AA) in controls (p =
0.093; Table 2). When the PADI4 rs2240340 GG homozygote
genotype was used as the reference group, the AA genotype
was associated with a significantly increased risk for RA (OR
1.50, 95% CI 1.03-2.18, p = 0.037). In the recessive model,
when the PADI4 rs2240340 GG/GA genotypes were used as
the reference group, the AA homozygote genotype was asso-
ciated with a significant 1.44-fold increased susceptibility to
RA (OR 1.44,95% CI 1.03-2.00, p = 0.034).

PADI4 rs874881 C/G was in complete linkage disequilib-
rium with PADI4 52240340 G/A (r2 = 1.00). Logistic regres-
sion analyses also revealed that PADI4 rs874881 C/G poly-
morphism was associated with the risk of RA (Table 2).

None of the MBD4 rs140693 G/A and MBD4 rs2005618
T/C polymorphisms achieved a significant difference in the
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Figure 4. Genotyping of methyl-CpG binding domain 4 rs2005618 T/C poly-
morphism by MALDI-TOF MS.

genotype distributions between cases and controls. Logistic
regression analyses revealed that MBD4 rs140693 G/A and
MBD4 rs2005618 T/C polymorphisms were not associated
with the risk of RA (Table 2).

Stratification analyses of PADI4 rs2240340 G/A, MBD4
rs140693 G/A, and MBD4 rs2005618 T/C polymorphisms and
risk for RA. Stratification analyses were done to evaluate the
effects of PADI4 rs2240340 G/A, MBD4 15140693 G/A, and
MBD4 152005618 T/C genotypes on RA risk according to age,
sex, C-reactive protein status, and ACPA status (Table 3). A
significantly increased risk for RA associated with the PADI4
152240340 AA genotype was evident among older patients
(OR 1.85,95% CI 1.16-2.96, p = 0.010) and anti-CCP-posi-
tive patients (OR 1.54, 95% CI 1.01-2.34, p = 0.043) com-
pared with the PADI4 152240340 GG/GA genotype.

DISCUSSION

We studied the association between the PADI4 rs2240340
G/A, PADI4 15874881 C/G, MBD4 rs140693 G/A, and
MBD4 152005618 T/C polymorphisms and risk of RA in a
Chinese population. We found that the PADI4 152240340 AA
allele may increase the risk of RA, and that this effect was
more evident in older patients and ACPA-positive patients.

PADI4 is significantly overexpressed in the blood of
patients with RA regardless of their disease activity?>.
Expression of the PADI enzyme, citrullination of proteins, and
production of anti-citrullinated protein antibodies occurs in
the synovium of patients with RA, thus highlighting its impor-
tance in disease pathogenesis®*. It had been noted that ACPA
appear to be specific for RA%3. PADI activity appears to be
implicated in the generation of ACPA, which is highly specif-
ic to patients with RA!2. Further analyses revealed a func-
tional haplotype that affects the stability of transcripts of
PADI4, and which is also associated with levels of ACPA in
the sera of patients with RA. Reports on the association of the
PADI4 polymorphism with RA have provided inconsistent
data. We found that the PADI4 rs2240340 AA allele may
increase the risk of RA, particularly in patients who are
ACPA-positive, indicating a gene-environment interaction.
We also found that the PADI4 rs2240340 AA allele may
increase the risk of RA, especially in older patients.

Several genetic studies have evaluated the association
between PADI4 gene variants and RA. Functional haplotypes
have been found to be strongly associated with RA in popula-
tions of Japanese descent®. The genetic association between
PADI4 and RA was replicated in another Japanese group2®
and in a Korean population?’. However, many studies in white
subjects (including cohorts from the UK, Spain, and France)
yielded conflicting findings?3-2829-30-3132.33 " This may have
been due to the different ethnic populations studied.

Ethnic differences may play a part in the conflicting results
seen in association studies. Our replicated results, using the
same genetic markers within subjects of different ethnic back-
grounds as those in the original study, suggest that PADI4
confers susceptibility for RA in the Chinese population.

In a Chinese population involving 193 patients and 190
healthy controls in Taiwan, the MBD4 rs2005618 T/C poly-
morphism was associated with RA risk2?. However, in our
present study, we failed to find an association between MBD4
152005618 T/C and RA risk.

Several limitations of our study need to be addressed. First,
this was a hospital-based case-control study, so selection bias
was unavoidable and subjects were not fully representative of
the general population. Second, the polymorphisms we inves-
tigated, based on their functional considerations, may not
offer a comprehensive view of the genetic variability of
PADI4 and MBD4. Third, a single case-control study is not
sufficient to fully interpret the relationship between PADI4
1rs2240340 G/A, PADI4 15874881 C/G, MBD4 rs140693 G/A,
and MBD4 152005618 T/C polymorphisms and susceptibility
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Table 1. Patient demographics and risk factors in rheumatoid arthritis (RA), all subjects.

Variable*

Cases, n = 329

Controls, n = 697

Age, yrs

53.64 (£ 15.52)

5345 (= 11.35)

Female/male 247/82 496/201 0.190
Age at onset, yrs mean + SD 4493 (+ 12.55) — —

Disease duration, yrs, mean + SD 8.76 (x 9.31) — —
Treatment duration, yrs, mean + SD 7.07 (£7.38) — —
RF-positive, n (%) 266 (80.9) — —
ACPA-positive, n (%) 163 (49.5) — —
CRP positive, n (%) 165 (50.2) — —
ESR, mm/h 34.00 (= 23.96) — —
DAS28 433 (= 1.61) — —
Functional class, no. (%) — —
I 49 (14.9) — —
I 136 (41.3) — —
11 116 (35.3) — —
v 28 (8.5) — —

* RF: rheumatoid factor; ACPA: anticitrullinated protein antibody; CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; DAS28: RA Disease Activity Score in 28 joints.

Table 2. Logistic regression analysis of associations between PAD14 rs2240340 G/A, PAD14 rs874881 C/G,
MBD4 15140693 G/A, and MBD4 rs2005618 T/C polymorphisms and risk of rheumatoid arthritis.

Genotype Cases*, n (%) Controls, n (%) OR (95% CI) P
n =329 n =697

PAD14 rs2240340 G/A
GG 102 (31.5) 244 (35.1) 1.00 —
GA 152 (46.9) 339 (48.8) 1.07 (0.80-1.45) 0.647
AA 70 (21.6) 112 (16.1) 1.50 (1.03-2.18) 0.037
GG + GA 254 (78.4) 583 (83.9) 1.00 —
AA 70 (21.6) 112 (16.1) 1.44 (1.03-2.00) 0.034
A allele (45.1) (40.5)

PADI14 rs874881 C/G
CcC 96 (30.8) 243 (35.0) 1.00 —
CG 145 (46.5) 338 (48.7) 1.09 (0.80-1.48) 0.598
GG 71 (22.8) 113 (16.3) 1.59 (1.09-2.32) 0.017
CC + CG 241 (77.2) 581 (83.7) 1.00 —
GG 71 (22.8) 113 (16.3) 1.52 (1.09-2.11) 0.014
G allele (46.0) (40.6)

MBD4 rs140693 G/A
GG 119 (37.3) 260 (37.4) 1.00 —
GA 154 (48.3) 326 (46.8) 1.03 (0.77-1.38) 0.831
AA 46 (14.4) 110 (15.8) 091 (0.61-1.37) 0.664
GG + GA 273 (85.6) 586 (84.2) 1.00 —
AA 46 (14.4) 110 (15.8) 0.90 (0.62-1.30) 0.570
A allele (38.6) (39.2)

MBD4 rs2005618 T/C
TT 93 (28.7) 185 (26.6) 1.00 —
TC 162 (50.0) 356 (51.1) 0.91 (0.66-1.24) 0.530
CcC 69 (21.3) 155 (22.3) 0.89 (0.61-1.29) 0.528
TT + TC 255 (78.7) 541 (77.7) 1.00 —
CC 69 (21.3) 155 (22.3) 0.94 (0.69-1.30) 0.727
C allele (46.3) (47.8)

* Genotyping was successful in 324 cases and 695 controls for PAD14 rs2240340 G/A; 312 cases and 694 con-
trols for PAD14 rs874881 C/G; 319 cases and 696 controls for MBD4 rs140693 G/A; 324 cases and 696 con-
trols for MBD4 rs2005618 T/C.

1rs140693 G/A and MBD4 rs2005618 T/C polymorphisms and
RA. Finally, we did not obtain detailed information about the
outcomes of treatment, which restricted our analyses.

to RA because of the relatively moderate number of patients
evaluated. Larger numbers of subjects are necessary to con-
firm our findings, especially for the negative results of MBD4
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Table 3. Stratified analyses between PAD14 rs2240340 G/A, MBD4 rs140693 G/A, and MBD4 rs2005618 T/C polymorphisms and risk of rheumatoid

arthritis.
Variable PAD14 152240340 OR (95% CI) MBD4 rs140693  OR (95% CI) MBD4 52005618 OR (95% CI)
G/A* (case/control) G/A (case/control) T/C (case/control)
GG +GA AA GG+GA AA GG +GA AA GG+GA AA TT+TC CC TT + TC CC

Gender

Male 60/168 21/33 100 1.78(0.96-3.32)  72/170  9/31 1.00 0.69 (0.31-1.51) 63/159 18/42 1.00 1.08 (0.58-2.02)

Female 194/415 49/79 100 1.33(0.89-1.97) 201/416 37/79 1.00 0.97 (0.63-1.48) 192/382 51/113 1.00 0.90 (0.62-1.30)
Age, yrs

<55 130/281 32/62 100 1.12(0.69-1.79) 130/285 28/58 1.00 1.06 (0.64-1.74) 125/263 37/80 1.00 0.97 (0.62-1.52)

=55 124/302 38/50 100 1.85(1.16-2.96) 143/301 18/52 1.00 0.73 (0.41-1.29) 130/278 32/75 1.00 091 (0.57-1.45)
CRP status

Positive 127/583 36/112 100 148(0.97-2.25) 137/586 22/110 1.00 0.86 (0.52-1.40) 123/541 40/155 1.00 1.14 (0.76-1.69)

Negative ~ 127/583 34/112 100 1.39(091-2.14) 136/586 24/110 1.00 0.94 (0.58-1.52) 132/541 29/155 1.00 0.77 (0.49-1.19)
ACPA status

Positive 125/583 37/112 100 1.54(1.01-2.34) 135/586 24/110 1.00 0.95 (0.59-1.53) 124/541 38/155 1.00 1.07 (0.71-1.60)

Negative ~ 129/583 33/112 1.00 1.33(0.86-2.05) 138/586 22/110 1.00 0.85(0.52-1.39) 131/541 31/155 1.00 0.83 (0.54-1.27)

* Genotyping was successful in 324 cases and 695 controls for PAD14 rs2240340 G/A; 319 cases and 696 controls for MBD4 rs140693 G/A; and 324 cases
and 696 controls for MBD4 rs2005618 T/C. We conducted stratification analyses only in PAD14 rs2240340 G/A since it is in complete linkage disequilibri-
um with PAD14 rs874881 C/G. ACPA: anticitrullinated protein antibody.

Our study provided strong evidence that PADI4 rs2240340

G/A functional polymorphisms may contribute to the risk of
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