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Abstract

genes (rs3087243) and its impact on RA and PD.

associated with an increased vulnerability to RA.

ate: p<0.001; multivariate: p=0.028).

Background: Rheumatoid arthritis (RA) and periodontitis (PD) are proven to share common risk markers, including
genetic factors. In the present study we focused on genetic variants in PTPN22 (rs2476601), PADI4 (rs2240340), CTLA4

Materials and methods: In the study 111 RA patients and 256 systemically healthy controls were involved. A subdi-
vision of patients and controls was carried out according the severity of periodontitis (no/level 1 PD vs. level 2 PD).

Results: |. Evaluating the genetic impact on the occurrence of RA the T allele of rs2476601 (PTPN22) (bivariate:
p<0.001; multivariate: p=0.018) and T allele of rs2240340 (PADI4) (bivariate: p =0.006; multivariate: p =0.070) were

Il Investigating the genetic influence on level 2 PD the T allele of rs2476601 (PTPN22) was shown to be associated
with a higher susceptibility to PD within the RA group (bivariate: p=0.043; multivariate: p =0.024).

. The T allele of rs2476601 (PTPN22) was proven to be a significant marker of RA and level 2 PD comorbidity (bivari-

Conclusions: These results support the thesis that genetic variations may represent a possible link between PD and
RA. The study increases knowledge about disease-specific and cross-disease genetic pattern.
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Background
Reciprocal influences between rheumatoid arthritis (RA)
and periodontitis (PD) have been strongly emphasized
in different studies [1-3]. The bidirectional causal rela-
tionship between both chronic destructive inflammatory
diseases is remarkably characterized by shared common
risk modulators suggesting similar pathogenic path-
ways [4]. The convincing biological plausibility between
both diseases can be, inter alia, attributed to the follow-
ing mechanisms; effects on microbiological dysbiosis, on
inflammatory response and genetic susceptibility.

The impact of genetic risk factors in both RA [5-7]
and PD [8, 9] has been intensively studied in recent
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years. Epidemiological studies revealed that the genetic
contribution to rheumatoid arthritis and periodontitis
is substantial. About 50% of the risk for development of
RA [10] as well as PD [11] has been attributed to genetic
factors. Studies indicated a shared genetic association
between MHC class II HLA-DBRI1 alleles and suscepti-
bility to both RA and PD [4, 12]. In several case control
studies, a shared dependence of both diseases on genetic
variants in candidate genes, KCNQ! [13] and IFNy gene
[14] has also been reported.

Candidate gene approach

These findings suggest a common genetic profile linked
to a higher susceptibility to RA and PD. To substanti-
ate this hypothesis, we investigated SNPs in candidate
genes that have an important role in pathophysiologi-
cal mechanisms relevant to both diseases. To this aim,
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we selected SNPs in three genes that play an important
role in the immune response and citrullination, which
are key mechanisms in both RA and PD.

Protein tyrosine phosphatase, non-receptor type
22 gene (PTPN22) represents a specific lymphophos-
phatase that plays an important role in T cell signaling
due to its inhibiting effect [15, 16]. It was implicated in
the etiology of various autoimmune diseases, including
RA [15, 17, 18]. Strong evidence of a genetic involv-
ment of PTPN22 enzyme activity was reported for the
first time in 2004 [19]. In detail, a SNP (rs2476601;
Arg629Trp) was described, which leads to alteration of
the physiological function of PTPN22 enzyme as nega-
tive regulator of T cell activation [19-21]. Furthermore,
this genetic variant was shown to be linked with a mod-
ification in cytokine profile towards a proinflammatory
state [22]. Therefore, a lot of case—control studies were
conducted in order to evaluate the potential impact of
the SNP rs2476601 in the PTPN22 gene in the etiology
of immune diseases [19-22].

Cytotoxic T-lymphocyte-associated protein 4 gene
(CTLA4) as a member of the immunoglobulin super-
family is expressed by activated T cells [5, 23]. It was
demonstrated to be able to submit an inhibitory signal
to T cells suggesting a significant role in the mainte-
nance of immunological homeostasis [23]. A multitude
of SNPs were characterized in CTLA4 gene including
rs3087243 located at 3-prime of the end of the CTLA4
transcript [24].

Protein-arginine deiminase type-4 gene (PADI4), one
out of 4 human PADI isoforms, is assigned an impor-
tant role in triggering autoimmune diseases especially
RA due to its ability to citrullination and its implication
in the development of autoantibodies [25, 26]. Further-
more, it could be shown that citrullination occurs also
as a physiological process in the gingival epithelium
[27]. In the case of severe PD, Engstrom and co-work-
ers proved indeed an increase in citrullination in gin-
gival connective tissue [28]. Genetic variants in PADI4
have been demonstrated to play a vital role in the etiol-
ogy of inflammatory diseases [29-32].

Aim of the study:

In order to prove the hypotheses of a common genetic
profile associated with a higher prevalence.

1. of RA
2. of PD
3. of RA and PD

we analyzed rs2476601 in PTPN22, rs2301888 in
PADI4 and rs3087243 in CTLA4 gene regarding their
significance as periodontal or/and rheumatic risk
modulators.
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Materials and methods

Study population and clinical investigation

In the presented case—control study 367 unrelated sub-
jects of Caucasian origin were included. 111 patients
suffered from rheumatoid arthritis (RA) according to
current criteria for classifying rheumatoid arthritis [33]
and 256 systemically healthy controls without RA were
enrolled. All patients examined in the study were clas-
sified according to their periodontal status according
to the consensus report for “Definition of a periodonti-
tis case and disease progression in risk factor research”
[34]. A “level 1 periodontitis” was defined as presence of
proximal attachment loss of >3 mm in >2 non-adjacent
teeth. Controls with vestibular values of clinical attach-
ment loss>3.5 mm caused by traumatic tooth brush-
ing or orthodontic therapy, CAL according overhanging
subgingival restorations or primary endodontic lesions
were not considered as cases of periodontitis. Further-
more, pseudo pockets on the last molars with a depth
of>3.5 mm were not considered as periodontitis case
[35]. A “level 2 periodontitis” was described as occur-
rence of proximal attachment loss of >5 mm in>30%
of teeth present. Taking the new classification system of
periodontitis into account the level 2 periodontitis cases
included in this study would be categorized as periodon-
titis stage III or IV, grade B or C [36].

In general, patients and controls were only included if
they had a minimum age of 18 years (patients) or 30 years
(controls), at least four own teeth, were not pregnant and
had not taken antibiotics in the past 3 months or under-
gone non-surgical periodontal therapy 6 months prior
to the examination. The patients and controls had no
known medical or general health conditions that might
profoundly contribute to development of periodontitis
(diabetes mellitus type I or II, Morbus Crohn, coronary
heart disease, lupus erythematosus, Behget disease, oral
pemphigus or pemphigoid; except RA in RA-patients).
Subjects were not included if they developed gingival
overgrowth due to specific drugs such as anti-epileptics,
calcium-channel blockers, or cyclosporine.

The periodontal examination of all patients comprised
the assessment of plaque index, percentage of sites with
bleeding upon probing (BOP), pocket depth (PD: dis-
tance between gingiva margin and apical stop of the
periodontal probe) and number of missing teeth. To
determine the mean clinical attachment loss (CAL: dis-
tance between cement-enamel junction and apical stop
of the probe) in cases and controls six sites around each
tooth were measured and the maximum values were used
for the mean value calculations.

The RA free control group comprised of 256 subjects
including 161 patients suffering from level 2 periodon-
titis (presence of proximal attachment loss of>5 mm
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in > 30% of teeth present) and 95 patients without or level
1 periodontitis (presence of proximal attachment loss
of >3 mm in > 2 non-adjacent teeth) according to Tonetti
and Claffey [34]. This group was recruited consecutively
at the Department of Operative Dentistry and Periodon-
tology of the Martin Luther University Halle-Wittenberg
from 2005 until 2009. The periodontal examination was
carried out by an experienced periodontist using a non-
pressure-sensitive periodontal probe (PCPUNC156, Hu-
Friedy, Rotterdam, Netherlands).

The RA group (n=111) included 26 subjects with diag-
nosed level 2 periodontitis and 85 patients without level
2 periodontitis [34]. RA was diagnosed and treated at the
Clinic of Internal Medicine II, Department of Rheuma-
tology, Martin-Luther-University Halle-Wittenberg (Prof.
G. Keyfler, Dr. C. Schifer), at the Department of Rheu-
matology “Rheumahaus Potsdam” (Dr. M. Bohl-Biihler &
Dr. S. Reckert) and at private practices in Magdeburg (Dr.
C. Weimann) and Halle (Saale) (Dr. A. Liebhaber; Dr. Th.
Linde; Dr. R. Schobef$ (Halle). From 2012 until 2016 the
RA patients were included consecutively without con-
sideration of periodontal status. For periodontal assess-
ment pressure sensitive periodontal probes (TPS-probe
Vivicare, Vivadent, Schaan, Liechtenstein or DB764R
Aesculap AG & Co. KG, Tuttlingen, Germany) were used.
The dental examiners were instructed and trained in the
implementation of both periodontal probes.

Genetic investigations

Preparation of genomic DNA was carried out by means
of QIAamp blood extraction kit (Qiagen, Hilden, Ger-
many) in accordance with the manufacturer’s manual
using venous blood.

For the analysis of SNPs specific analyses were estab-
lished and validated. Genotypes were determined by
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) using Mastermix (Pro-
mega, Mannheim, Germany). The amplification was
performed on the device Eppendorf Mastercycler®
gradient (Eppendorf, Hamburg, Germany): PCR-pro-
gram (2 min 94 °C; 15 cycles: 15 s 92 °C, 30 s 58 °C,
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30 s 72 °C; 26 cycles: 30 s 92 °C, 30 s 56 °C, 30 s 72 °C,
5 min 72 °C). The amplified products were digested
with restriction enzymes (New England Biolabs, Frank-
furt, Germany, according to manufactures protocols)
and size-fractionated by electrophoretic separation in
3% agarose gels. The used primers and enzymes are dis-
played in Table 1.

Assessment of Aggregatibacter actinomycetemcomitans
and Porphyromonas gingivalis

Before subgingival scaling was carried out the micro-
bial samples were collected from the deepest pocket
of each quadrant (insertion of a sterile paper point for
20 s) and pooled in one tube. Bacterial DNA was iso-
lated applying the QIAamp® DNA Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
manual. The subgingival occurrence of A.a. and Pg. was
detected using the micro-Ident® test of HAIN-Diag-
nostik (Nehren, Germany) according to manufacturer’s
protocol. The method was described in detail in [37].

Statistical analyses

Statistical analyses were carried out using commercially
available software (SPSS v.25.0 package, IBM, Chicago,
IL). Values of p <0.05 were considered significant. Con-
tinuous data were assessed for normal distribution using
the Kolmogorov—Smirnov test and the Shapiro—Wilk
test. All metric values were not normally distributed.
Therefore, data were reported as median, 25/75th-inter-
quartiles. For the statistical evaluation of continuous
variables Mann—Whitney U-Test, or Kruskal-Wallis-Test
were used. Categorical variables were plotted in con-
tingency tables and evaluated using chi-square test and
Yates continuity correction. If the expected cell frequency
was < 5, Fisher’s exact test was applied.

Binary logistic regression analysis was used for inves-
tigating the impact of polymorphic variants on the
occurrence of PD, RA and PD/RA comorbidity consid-
ering established confounders.

Table 1 Primer and restriction enzymes used for genetic analyses

SNP PCR primer 5’3’ Fragment length Restriction
enzyme
PTPN22: rs2476601 Upper CTC AAG GCT CAC ACATCA GC 337bp Rsal
Lower TTG AAT GAA CAA GTGTCA AC
PADI4: rs2240340 Upper GCG CAC AAG GAG ATTTCT GAA ATC CCATTA 131bp Msel
Lower TTG AAT GAA CAA GTGTCA AC
CTLA4:rs3087243 Upper CTG GAA ACA AACTGA AAA ACC 253bp Nlalll

Lower

GCCTGT GAT AGT TGA GCT GAG
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Results

Clinical evaluation

We performed a case—control study in order to evalu-
ate the impact of genetic variants in selected RA-asso-
ciated candidate genes with the prevalence of RA, PD
and RA/PD comorbidity. We focused on the genotype
and allele distribution of SNPs rs2476601 (PTPN22),
rs2240340 (PADI4) and rs3087243 (CTLA4).

The study group comprised of 367 patients (111 RA
patients and 256 systemically healthy controls without
RA). The two groups were subdivided according to
their periodontal status. The demographical and peri-
odontal characteristics in dependence on RA and PD
are displayed in Table 2. In general, patients suffering
from RA (n=111) were significantly older (p>0.001),
more often of female gender (p =0.001) and were more
often smokers (p=0.003) than controls without RA
and level 2 PD (n=95). RA patients exhibited the more
severe dental parameters regarding probing depth
(p<0.001) and clinical attachment loss (» <0.001). Fur-
thermore, RA patients frequently complained of tooth
loss (p<0.001). Subdividing the group of RA patients
according their periodontal status it was obviously
that patients suffering from level 2 periodontitis were
more often males (p =0.048) and more often smokers
(p=0.034). As expected, all RA patients and RA free
controls suffering from level 2 periodontitis showed
the more level 2 periodontal characteristics.
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Impact of genetic variants on the prevalence on RA

Bivariate comparisons of genetic variants in dependence
of RA are displayed in Table 3, multivariate models are
shown in Table 4.

The SNP rs2476601 in PTPN22 gene was associated
with a higher prevalence of RA in our study (Table 3). RA
patients were significantly more frequent carriers of the
T allele carriers than RA free controls without or level 1
periodontitis (p <0.001). Considering age, gender, smok-
ing status and the subgingival occurrence of A.a. and Pg.
as confounding factors in binary logistic regression anal-
yses the genetic impact of T allele on RA could be proven
(p=0.018) (Table 4). Considering only RA patients and
RA free controls both suffering from level 2 periodontitis
the effect of the T allele (bivariate: p <0.001; multivariate:
p=0.032) on the prevalence of RA could be confirmed.

Investigating the importance of rs2240340 in PADI4
gene the T allele was proven to be associated with a
higher susceptibility to RA comparing the total RA
group to RA free controls without or level 1 periodon-
titis (p=0.006). In multivariate risk model (binary
logistic regression analyses), including age, gender,
smoking status, and the occurrence of A.a. and Pg. as
confounding factors, the T allele (»=0.070, Table 4)
could not be indicated as independently associated
with RA (Table 4). Increasing age, female gender,
smoking and the occurrence of Pg. and the absence of
A.a., however, could be shown as significant risk fac-
tors for RA in this complex risk model (Table 4). Fur-
thermore, the T allele of rs2240340 in PADI4 gene was

Table 2 Demographical characteristics and periodontal conditions in dependence on rheumatoid arthritis (RA)

and periodontitis (PD)
Variable Control probands (without RA) RA patients p value**
No/level 1 PDn=95 Level2PD*N=161 Alln=111 No/level 1 PDn=85 Level 2PD*n=26
Demographical and anamnestic parameters
Age, years (Median 43.0(38.0/51.0) 45.0 (38.0/52.0) 56.0(48.0/63)  56.0(47.0/63.0) 56.5 (50.0/64.5) <0.001
(25-75M IQR))
Male gender (%) 516 373 288 235 46.2 0.001
Current smoking (%) 211 294 234 18.8 385 0.003
Periodontal conditions (Median (25-75th IQR)
Plague index (%) 39.0 (28.6/59.3) 57.0 (38.0/82.0) 35.7(11.5/66.7) 27.0(7.25/58.55) 64.1(37.6/84.1) 0.176
Bleeding on probing/ 42.0(23.1/63.0) 82.5 (56.0/100.0) 36.4(18.2/69.6) 32.0(16.7/63.25) 58.6(32.4/89.8) 0.941
tooth (%)
Probing depth, mm 2.52(2.27/2.76) 529 (4.52/6.4) 3.0(2.7/3.7) 2.8(2.6/3.2) 4.3 (3.78/4.96) <0.001
Clinical attachment loss, 2.8 (2.55/3.14) 6.1(5.27/7.16) 3.4(2.9/4.3) 3.1(2.8/3.7) 5.15(4.5/6.05) <0.001
mm
Missing teeth (except 8th) 2.0 (0/4.0) 3.0(1.0/6.0) 5.0(2.0/10.0) 4.0(1.0/10.0) 8.5 (5.0/15.25) <0.001

*Proximal attachment loss of > 5 mm in > 30% of teeth present

**p value is given for statistical comparison of the control group without RA and no/level 1 PA (n=95) with the RA total group (n=111)

Statistical comparisons were made by chi-square test including Yates correction for categorical variables. Continuous variables were analyzed by Mann-Whitney Test
and presented as median (25th/75th-interquartiles; IQR, values not normally distributed)
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Table 3 Genotype and allele distribution of SNPs in PTPN22 (rs2476601), PADI4 (rs2240340) and CTLA4 (rs3087243)

among RA patients and controls

Variable Control probands RA patients p value
(without RA)
No/level 1 Level2PD Alln=111 No/level1 Level2PD Prevalenceof RA Prevalence of PD Comorbidity
PDn=95 N=161 PDn=85 n=26 withinRAgroup  PDand RA
| ] 1] \" Vv Lovs. Il IV.vs.V l.vs.V
PTPN22, rs2476601
CCgenotype (%) 789 74.5 604 67.1 385
CT genotype (%)  19.0 235 36.0 294 57.7
TT genotype (%) 2.1 1.9 36 35 38
Callele (%) 884 86.3 784 818 673
T allele (%) 11.6 137 21.61 18.2 32.7% <0.001 0.043 <0.001
PADI4, rs2240340
CCgenotype (%) 516 385 36.0 376 30.8
CT genotype (%) 116 27.3¢ 14.5 94 30.74
TT genotype (%)  36.8 34.2 495 529 385
Callele (%) 574 522 43.2 424 46.2
T allele (%) 42.6 47.8 56.81 576 53.81 0.006 0.746 0.200
CTLA4, 153087243
GG genotype (%) 379 335 441 482 30.8
AG genotype (%)  50.5 472 442 376 654
AA genotype (%) 11.6 19.3 11.7 14.1 38)
G allele (%) 63.2 57.1 66.2 67.1 63.5
A allele (%) 36.8 429 338 329 36.5 0.586 0.755 1.000

Statistical comparisons were made by chi-square test including Yates correction for categorical variables

associated with increased risk of RA comparing RA
patients and RA free controls without or level 1 PD
(bivariate: p=0.006; multivariate: p = 0.044).

The rs3087243 in CTLA4 gene was not confirmed to
be in association with rheumatoid arthritis in bivariate
and multivariate risk models.

Effects of genetic variants on the prevalence of level 2 PD

In a subsequent evaluation, possible associations
between genetic variants in PTPN22, PADI4, and
CTLA4 gene and the prevalence of level 2 PD were
investigated.

Within the RA group the T allele of rs2476601 in
PTPN22 gene was associated with the occurrence of
level 2 PD (bivariate: p = 0.043; multivariate: p = 0.024)
(Table 3, Table 5).

Regarding the allele distribution of rs2240340 in
PADI4 gene as well as the rs3087243 in CTLA4 gene
no association to PD could be shown.

Importance of genetic variants on PD and RA
as comorbidities
Patients suffering from level 2 PD and RA simultane-
ously were more frequently T allele carriers of rs2476601
(PTPN22 gene) than patients without/level 1 PD or RA
(p<0.001; Table 3). In multivariate risk model the T allele
had predictive value for level 2 PD and RA (p=0.028,
Table 6).

According to rs2240340 in PADI4 gene and rs3087243
in CTLA4 gene no differences in the distribution of
alleles were obvious.

Discussion

Clinical evaluation

In the present association study the patient group com-
prised of RA patients suffering from periodontitis of
varying severity (n=111). A second group of patients
exhibit no signs of RA but patients were affected by level
2 periodontitis (n=161). In the control group systemi-
cally healthy patients without/level 1 PD were included
(n=95). In accordance the overall risk pattern of RA,
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Table 4 Binary logistic regression analyses investigating the genetic impact on the prevalence of RA [comparison
of the RA total group (n=111) to the control group without RA and level 2 PD (n=95)]

Variables Regression coefficient Odds ratio 95% confidence interval p value
Lower Upper
a) T allele of rs2476601 in PTPN22
Age 0.064 1.066 1.046 1.087 <0.001
Male gender —0.987 0373 0232 0.599 <0.001
Current smoker 0.712 2.041 1.276 3.257 0.003
Pg. positive 1133 3.106 1.799 5405 <0.001
A.a. positive —1.747 0.174 0.076 0.402 <0.001
T allele 0.779 2.179 1.143 4.149 0.018
b) T allele of rs2240340 in PADI4
Age 0.063 1.065 1.045 1.086 <0.001
Male gender —0.968 0.380 0.237 0610 <0.001
Current smoker 0.780 2183 1.364 3484 0.001
Pg. positive 1.082 2950 1.695 5.128 <0.001
A.a. positive — 1.697 0.183 0.079 0422 <0.001
T allele 0425 1.529 0.965 242 0.070
T allele 0.493 1.637 1.013 2.645 0.044

Age, gender, smoking status, and the occurrence of Porphyromonas gingivalis (Pg.) and Agregatibacter actinomycetemcomitans (A.a) were considered as confounding

factors

Table 5 Binary logistic regression analyses investigating
the genetic impact of T allele of rs2476601 in PTPN22
on level 2 PD [comparison within the RA group: RA
patients without level 2 PD (n=85) to RA patients
with level 2 PD (n=26)]

Table 6 Binary logistic regression analyses investigating
the genetic impact of T allele of rs2476601 in PTPN22
on both diseases (level 2 PD and RA) [comparison
of controls without RA or level 2 PD (n=95) vs. patients
suffering from both, RA and level 2 PD (n=26)]

Variables Regression Odds ratio 95% p value Variables Regression Odds ratio 95% p value
coefficient confidence coefficient confidence

interval interval

Lower Upper Lower Upper
T allele of rs2476601 in PTPN22 T allele of rs2476601 in PTPN22
Age 0.020 1.020 0.992 1.049 0.162 Age 0.116 1123 1.076 1173 <0.001
Male gender 0.990 2.691 1.331 5441 0.006 Male gender 0.008 1.008 0423 2402 0.986
Current smoker 1.031 2.725 1.316 5.988 0.008 Current smoker 1.868 6.493 2481 16.95 <0.001
Pg. positive 1.132 3.106 1.529 6.289 0.002 Pg. positive 2.286 9.804 3.846 1.04 <0.001
A.a. positive — 1.067 0.344 0.067 1773 0.202 A.a. positive — 2831 0.059 0.009 0.368 0.002
T allele 0.901 2463 1.126 5376 0024 T allele 1.136 3115 1.134 8547 0.028

Age, gender, smoking status, and the occurrence of Porphyromonas gingivalis
(Pg.) and Agregatibacter actinomycetemcomitans (A.a) were considered as
confounding factors

the RA patients were significantly older than controls
(Table 2, p<0.001) [38]. Furthermore, it is generally
accepted that women, mainly in their 4th or 5th decade,
are most frequently affected by RA [39]. This correla-
tion was also confirmed in our study (Table 2, p=0.001).
Smoking, another major and acknowledged risk fac-
tor for RA [40], was also confirmed in the present study

(Table 2, p=0.003). In accordance with various studies
RA patients exhibited the more severe periodontal symp-
toms including probing depth (Table 2, p <0.001), clinical
attachment loss (Table 2, p<0.001) and were more fre-
quently affected by tooth loss (Table 2, p<0.001) [41, 42].

Investigating the influence of demographic and clini-
cal parameters on the occurrence of level 2 PD the estab-
lished periodontal risk pattern regarding gender and
smoking status was confirmed [43]. Within the RA group
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patients suffering from level 2 PD were more often males
(p=0.048) and smokers (p =0.034).

Impact of genetic variants on the prevalence on RA

In the present study two SNPs, namely rs2476601 in the
PTPN22 and rs2240340 in PADI4 genes, were associated
with the occurrence of RA.

PTPN22 DPatients presenting the T allele of rs2476601 in
PTPN22 gene were significant more often affected by RA
regardless of their periodontal status (Table 3). In different
case—control studies the influence of this genetic variant
on the etiology of RA was discussed controversially [44,
45]. However, the results presented here are in accordance
with a large scale meta-analysis where the T allele [6, 20]
was associated with RA susceptibility. A stratification of
subjects according to their ethnic background confirmed
that PTPN22 T allele was significantly associated with
RA in European patients [20]. Furthermore, the present
study was able to provide evidence that even when other
risk factors of RA were included in multivariate regres-
sion models, the T allele represent an independent risk
modulator for RA. In the multivariate analyses increas-
ing age, female gender, smoking,the subgingival occur-
rence of Pg. and the absence of A.a. were also proven to
be independent risk factors of RA. This is consistent with
already accepted findings regarding the established risk
factors of RA [46, 47]. The only exception in this context
is the absence of A.a. as a risk factor for RA in this mul-
tivariate evaluation. This is striking since A.a. was shown
to be involved in citrullination and increased formation of
anti-CCP due to affecting human citrullinating enzymes
(48, 49].

PADI4 Peptidyl arginine deiminase type 4 polymor-
phisms have been demonstrated to play a vital role in
the etiology of RA [32]. Nevertheless, the results were
inconclusive [30, 32, 50, 51]. A lot of meta-analyses could
approve an association of this SNP with Asian popula-
tions but not Caucasians [32, 49, 50]. In contrast, Lee
et al. (2007) proved in their meta-analysis a significantly
increased risk for TT genotype carriers to suffer from RA
in European populations [30]. In line with this result, we
could confirm the T allele as a significant predictor for
occurrence of RA evaluating RA patients regardless of
the periodontal status as well when considering only RA
patients without/level 1 PD (Table 3). In multivariate anal-
ysis the T allele was only to proven to be an independent
risk marker in RA patients without/level 1 PD (Table 4).
For the total RA group not the T allele but other RA risk
factors, including increasing age, female gender, smok-
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ing status, occurrence of Pg. as well as the absence of A.a.
were shown to be indicators for RA in the present study.

CTLA4 The GG genotype of this SNP was shown to rep-
resent a risk modulator for autoimmune diseases possibly
due to the G allele dependent transcriptional downregu-
lation of CTLA4 [24]. A significant association between
the G allele and the occurrence of RA was confirmed in
a large-scale meta-analysis in European population [6].
However, the data available are not consistent in this
respect. The inconsistent results could be explained, inter
alia, by a different stratification of the patient groups. In
the study by Luterek-Puszyniska and co-workers no asso-
ciation of SNP rs3087243 in CTLA4 gene and RA in the
Polish population was proven [52]. In line with this result,
we were also unsuccessful in our study in confirming
the influence of SNPs rs3087243 in CTLA4 gene on the
occurrence of RA. However, a very slight increase in G
allele carriers was observed among RA patients (Table 3).

Effects of genetic variants on the prevalence of level 2 PD

The occurrence of PD was associated with allele distribu-
tion of rs2476601 in the PTPN22 gene but not with allelic
constellation of rs2240340 in PADI4 and rs3087243 in
CLTA4 genes.

PTPN22 For the first time in the present study, an asso-
ciation between SNP rs2476601 in the PTPN22 gene and
the occurrence of level 2 PD was examined. A signifi-
cant association was shown between the presence of the
T allele and level 2 PD in patients with RA (Tables 3, 5).
In multivariate analyses the T allele was confirmed as an
independent periodontal risk factor.

In accordance with the established view on the aeti-
ology of periodontitis the host response is recognized
as the main cause of periodontal tissue damage. The
involvement of immune cells, including T cell popu-
lations has been clearly demonstrated [53]. PTPN22
is among the molecules involved in T cell regulation.
Taking into account the functional effects of this SNP
as negative regulator of T cell activation [19] as well as
a potential modulator of the cytokine profile [22] an
involvement of this SNP in the aetiology of PD could be
explainable. Although some studies have found an asso-
ciation of PTPN22 to inflammatory diseases, there have
been no trials on severe periodontitis to date [15, 17, 18].

PADI4 The present study was the earliest to investigate
possible associations between SNP rs2240340 in PADI4
gene and level 2 periodontitis. But no association con-
sidering the allele constellation could be shown in this
study. It is clearly established that the initial reaction in
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periodontitis is the local host response to periodontal
pathogens in the periodontal pocket. In this context,
the recruitment of inflammatory cells is associated with
increased apoptosis and necrosis of neutrophils in gin-
gival connective tissue, which may lead to deamination
of arginine residues and hypercitrullination of proteins
[54]. And indeed, hypercitrullination accompanied with
an increase in PADI4 expression at mRNA and protein
level was proven in gingival connective tissue in the case
of severe periodontitis [28].

CTLA4 1In the context of periodontitis, the immune
response must be controlled very sensitively in order
to effectively prevent the spread of pathogenic micro-
organisms and prevent collateral damage to the tissue,
respectively. For the maintenance of immune homeosta-
sis a regulated immuno-inflammatory response, includ-
ing the presence of immune regulatory cells, is essential
[55]. It could be shown that there was a higher frequency
of immune regulatory cells expressing CTLA4 in peri-
odontal lesions than in gingivitis confirmed by changes
in CTLA4 expression [56, 57]. Furthermore, CTLA4 was
supposed to be involved in suppression of osteoclast dif-
ferentiation and activation an important advance in the
etiology of periodontitis [53]. These results support the
hypothesis that CTLA4 may also play an important role
in the pathogenesis of periodontal disease.

Since rs3087243 in CLTA4 gene was shown to affect
transcriptional regulation of CTLA4 gene [24] associ-
ated with increased bone destruction [58, 59] one could
expect the implication of this SNP in level 2 PD.

Importance of genetic variants on PD and RA

as comorbidities

In this study, candidate gene approach was used to
identify common genetic interfaces between RA and
PD. Here we could confirm associations between
rs2476601 in PTPN22 gene but not rs2240340 in PADI4
gene and rs3087243 in CTLA4 gene and comorbidity of
RA and PD.

PTPN22 Because of its functional consequences on
PTPN22 enzyme activity [19] as well as on cytokine
expression [22] SNP rs2476601 was supposed to be
involved in the etiology of inflammatory diseases includ-
ing RA and PD. We could confirm for the first time the
T allele of SNP rs2476601 in PTPN22 gene as independ-
ent risk factor for both, RA and PD (Table 3, Table 6).
PTPN22 and its functional important genetic variant
rs2476601 could therefore provide a biological plausible
link between both inflammatory diseases.
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Study limitations

A case—control approach was chosen for the present
study. It was designed to provide hypotheses on possi-
ble links between genetic variants and level 2 PD or RA
or comorbidity. However, in view of the study design, it
is not feasible to verify these hypotheses.

Moreover, patients with rheumatoid arthritis may be
restricted in their oral hygiene during acute phases of
the disease. These restrictions could trigger the devel-
opment or progression of periodontal disease in high
risk patients.

One of the strengths of the study was the homogene-
ous ethnicity and the strict inclusion and exclusion cri-
teria of the study participants. Due to this, the sample
size was relatively small. This may lead to a potential
bias, as the probability of a type II error will increase,
distorting the results. It would therefore be beneficial
to replicate the study results in a further study. A fur-
ther limitation of the study is the disproportionate size
of the study groups, which could influence reliability.
Moreover, the persons involved in the study are not
necessarily representatives of the total population. The
data obtained should be interpreted with caution since
they can be considered applicable for Caucasian indi-
viduals of central Germany only. Extrapolation to the
general population is not rational.

Conclusions

The present results support the hypothesis that SNP
rs2476601 of the PTPN22 gene, involved in T- and
B-cell signalling, might represent an independent
shared genetic risk factor for PD and RA. This would
strengthen the thesis that there could be a shared
genetic interface for both inflammatory diseases.
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