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Abstract: Systemic presence of arthritis autoantibodies (AAb) is specific for rheumatoid arthritis
(RA). AAb initiation might be triggered by chronic mucosal inflammation, such as in inflammatory
bowel disease (IBD). We assessed the prevalence of anti-citrullinated protein antibodies (ACPA) and
rheumatoid factor (RF) in ulcerative colitis (UC) and Crohn’s disease (CD) patients, with regard to the
prevalence of joint complaints in AAb+ versus AAb− IBD patients. RA patients and healthy subjects
(HC) served as controls. Serum was collected from 226 UC, 165 CD and 86 RA patients, and 36 HCs.
One-hundred-and-ten UC (48.7%) and 76 CD (46.1%) patients were seropositive for at least one
autoantibody, compared to 4 (13.9%) HCs and 81 (94.2%) RA patients. Eighty-three (37%) UC and 52
(32%) CD patients were seropositive for the anti-cyclic citrullinated protein antibody (anti-CCP2) of
the immunoglobulin A type (IgA anti-CCP2), compared to 1 (2.8%) HC and 64 (74%) RA patients.
RF of the immunoglobulin G type (IgG RF) and IgA RF seropositivity in UC and CD patients was
comparable to HCs and low compared to RA patients. Arthralgia was reported by 34 (18.7%) UC and
50 (33.1%) CD patients, but presence of arthralgia was not increased in AAb+ patients. AAbs are
frequently present in IBD patients, supporting the hypothesis that inflammation of intestinal mucosa
induces low systemic levels of ACPA.
Keywords: rheumatoid arthritis; inflammatory bowel disease; ulcerative colitis; Crohn’s disease;
anti-citrullinated protein antibodies; arthralgia

1. Introduction
Inflammatory bowel disease (IBD) is characterized by inflammation of the intestinal mucosa.
Ulcerative colitis (UC) and Crohn’s disease (CD) are the main subtypes. UC and CD differ in the
location and nature of the disease [1,2]. UC is usually characterized by involvement of the colon with
acute and chronic inflammation limited to the mucosa, while inflammation can be transmural in any
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part of the gastrointestinal tract in CD patients. Extra-intestinal manifestations are often present in UC
and CD patients, of which peripheral arthropathy is most commonly observed [2–4].
Certain antibodies have been described to be present in UC and CD patients. UC is associated
with the presence of perinuclear anti-neutrophil cytoplasmic antibodies (pANCA) [5], while CD is
characterized by antibodies against microbes such as Saccharomyces cerevisiae (ASCA). Both antibodies
were found to have a high specificity but a rather low sensitivity for UC and CD, which hampers
their clinical utility. However, the presence of these autoantibodies is associated with a more severe
disease phenotype in UC and CD [6]. These antibodies can already be present in serum years before
the diagnosis of UC or CD is made [7].
An important hallmark for rheumatoid arthritis (RA) is the presence of rheumatoid factor (RF) and
anti-citrullinated protein antibodies (ACPA), the latter being the most specific for RA [8,9]. The role
of these autoantibodies in RA pathogenesis is currently unclear, but their presence in RA patients is
associated with a more severe disease outcome [10]. Furthermore, RA is often preceded by the presence
of these autoantibodies years before the clinical onset [11].
During inflammation, when apoptosis and necrosis take place, citrullination of proteins occurs in
the intestinal tissue of IBD patients [12,13]. Citrullinated proteins are generated via the conversion
of arginine into citrulline by a posttranslational process mediated by the enzyme peptidyl arginine
deiminase (PAD). Citrullinated epitopes are created during this process, which might be targeted
by ACPA, a phenomenon that also occurs in RA. Therefore, the initiation of ACPA production has
been hypothesized to take place at inflamed mucosal surfaces in predisposed individuals, e.g., in the
gastrointestinal tract [14,15], via PAD release by neutrophils, or exposure to citrullinated proteins by
neutrophil extracellular traps (NETs) [16]. This hypothesis is supported by the capability of plasma
cells in inducible bronchus-associated lymphoid tissue from RA patients to produce ACPA locally [17].
In the current study, we measured the serological levels of ACPA (of the immunoglobulin A (IgA)
and immunoglobulin G (IgG) type) and RF (IgM and IgA) in a cross-sectional group of IBD patients. It
is reported in the literature that IgA ACPA [18,19] and IgG ACPA [20–22] have a low prevalence in IBD
patients. None of these studies assessed the presence of low ACPA levels below the diagnostic cut-off,
however. Diagnostic cut-off means the level that is used for diagnosis of the RA. For the IgG anti-cyclic
citrullinated protein antibody (anti-CCP2), this level is 25 U/mL when using the commercial anti-CCP2
ELISA (Enzyme-Linked Immuno Sorbent Assay). We presume that a rise of ACPA levels compared
to healthy controls, even below diagnostic cut off, might indicate the initiation of ACPA production.
Therefore, the objective of this study was to assess whether IgA ACPA, IgG ACPA, IgA RF and IgG
RF were present in IBD patients (UC and CD) as well as to assess the prevalence of arthropathies,
especially the presence of arthralgia, in autoantibody positive and autoantibody negative IBD patients.
The combination of the presence of ACPA and/or RF and arthralgia has been shown to increase the risk
for future RA development [15,23].
2. Materials and Methods
2.1. Patients
A total of 391 IBD patients (226 patients with UC and 165 with CD) participating in the Dutch
IBD Pearl Chain Institute Biobank Initiative were included. All patients gave their informed consent
before study enrollment. Patients were included when there was a confirmed diagnosis for UC
or CD. Patients were examined by a gastroenterologist at the outpatient clinic of the University
Medical Center Groningen, who asked about the presence of arthralgia. The diagnosis of arthritis and
spondylarthropathies needed to be confirmed by a rheumatologist. Blood was withdrawn at study
enrollment and serum was stored at −80 ◦ C until further use. Clinical and demographic information,
including age, gender, diagnosis, duration of disease, body mass index (BMI), and smoking habits were
standardized and recorded at the time of blood withdrawal. Serological parameters, such as pANCAs,
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anti-ASCA (IgA and IgG), C-Reactive Protein (CRP) levels and erythrocyte sedimentation rate (ESR)
were routinely measured. CRP was measured by turbidimetry with a lower limit of detection ≤3 mg/L.
An HC group (n = 36), consisting of persons without systemic disease [24], was included to define
cut off-levels for autoantibody levels. Additionally, 86 RA patients were included as a reference group
for serological measurements. The study was conducted with the approval of the Medical Ethics
Committee of the University Medical Center Groningen.
2.2. Laboratory Measurements
Anti-cyclic citrullinated protein antibody (anti-CCP2) levels were measured using the commercial
anti-CCP2 ELISA (Eurodiagnostica). The manufacturer’s protocol was adjusted to measure specifically
low IgG anti-CCP2 levels as earlier described [16]. Samples were diluted 1:10 instead of 1:50 in dilution
buffer. Seropositivity was defined as >2SD above the mean of HC (2.2 U/mL).
The specific ACPA response of the 20 IBD patients with the highest IgG anti-CCP2 levels
was measured with ELISA by testing the reactivity against 4 well-known citrullinated antigens,
which are often recognized by ACPA from RA patients. These well-known citrullinated antigens
were two peptides from fibrinogen (Fib1, β-chain amino acids 36–52, NEEGFFSACitGHRPLDKK
and Fib2, β-chain amino acids 60–74, CitPAPPPISGGGYCitACit), one peptide from α-enolase (Eno1,
KIHACitEIFDSCitGNPTVE), and one peptide from vimentin (Vim1, VYATCitSSAVCitLCitSSV).
Citrulline-specific IgG reactivity was determined by measuring the difference in reactivity against
the citrullinated and native form of the peptides, with the cut-off defined as the difference in optical
density (∆OD) >2SD above the mean of HCs, as previously described [24].
IgA anti-CCP2 levels were measured using a modified anti-CCP2 assay. Sera were diluted
1:50 using the dilution buffer provided by the manufacturer. Bound human IgA was detected by
the secondary antibody horseradish peroxidase (HRP)-conjugated polyclonal goat anti-human IgA
(SouthernBiotech, Birmingham, AL, USA), diluted in phosphate-buffered saline (PBS) with 1% bovine
serum albumin (BSA) and 0.05 % Tween-20 (Sigma-Aldrich, St. Louis, MO, USA). The color reaction
was performed using tetramethylbenzidine (Sigma-Aldrich) and hydrogen peroxide. A pool of sera
from 4 RA-patients with high IgA anti-CCP2 levels served as a calibrator for the standard curve
expressed in arbitrary units per milliliter (AU/mL) and starting at 200 AU/mL. Seropositivity was
defined as >2 SD above the mean of HCs.
IgM and IgA RF levels in serum were measured by a validated in-house ELISA assay [25].
Levels were expressed in international units per milliliter (IU/mL), and seropositivity was defined as
>10 IU/mL for IgM RF and >25 IU/mL for IgA RF.
2.3. Statistical Analysis
Statistical analysis was performed with GraphPad Prism software (version 5.00 for Windows,
GraphPad Software, La Jolla, CA, USA) and IBM SPSS Statistics for Windows software (version 20.0,
IBM, Armonk, NY, USA). For group comparisons, a Mann–Whitney U test was used for continuous
variables, and Fisher’s exact test or Chi-square test for categorical variables. Values of p < 0.05 were
considered to be significant.
3. Results
3.1. General Characteristics
The demographic and clinical characteristics of patients and healthy controls are depicted in
Table 1. UC patients had a significantly higher BMI than CD patients (p = 0.001), while the CD-cohort
was comprised of more (ever) smokers than the UC cohort (p = 0.009). The disease duration was
similar in both groups.

Int. J. Environ. Res. Public Health 2020, 17, 8054

4 of 10

Table 1. Subject characteristics.
Rheumatoid
Arthritis (RA)
Patients
(n = 86)

Ulcerative
Colitis (UC)
Patients
(n = 226)

Crohn’s
Disease (CD)
Patients
(n = 165)

UC vs.
CD
p Value

Characteristics

Healthy
Controls (HC)
(n = 36)

Female, n (%)

20 (55.6)

60 (70)

123 (54.4)

105 (63.6)

0.077

Age, years, mean, (SD)

34 (15)

55 (11)

42 (15)

41 (15)

0.606

BMI, kg/m2 , mean, (SD) a

–

–

26.1 (4.6)

24.8 (4.9)

0.001

Current or ever smoker, n (%) b

8 (22.3)

34 (39)

129 (57.1)

108 (67.1)

0.006

DAS28, median, IQR

–

2.2 (1.7–2.8)

–

–

–

Disease duration, years, (median, IQR)

–

5.5 (3–10)

7 (4–13)

9 (4–16)

0.037

Montréal classification
Age at diagnosis, n (%) c
A1 below 16 years
A2 between 17 and 40 years
A3 above 40 years

–
–
–

–
–
–

20 (9.0)
146 (65.8)
56 (25.2)

26 (16.2)
101 (62.7)
34 (21.1)

Disease extent (E) and severity
(S) in UC, n (%) d
E1 ulcerative proctitis
E2 left sided UC
E3 extensive UC
S0 clinical remission
S1 mild UC
S2 moderate UC
S3 severe UC

–
–
–
–
–
–
–

–
–
–
–
–
–
–

37 (17.0)
74 (33.9)
107 (49.1)
20 (9.3)
68 (31.8)
72 (33.6)
54 (25.2)

–
–
–
–
–
–
–

–
–
–
–
–
–
–

–
–
–

–
–
–

–
–
–

57 (36.3)
32 (20.4)
67 (42.7)

–
–
–

–

–

–

1 (0.6)

–

–

–

–

83 (51.2)

–

–
–

–
–

–
–

56 (34.6)
23 (14.2)

–
–

–

–

–

45 (27.8)

–

Disease location (L) and
behavior (B) in CD, n (%) e
L1 ileal
L2 colonic
L3 ileocolonic
L4 isolated
upper disease
B1 non-stricturing,
non-penetrating
B2 stricturing
B3 penetrating
P perianal
disease modifier

0.092

a

225/226 UC and 164/166 CD; b 161/165 CD; c Age known for 222/226 UC and 161/165 CD; d According to
Montréal classification, A (age at diagnosis), E (Extent) known for 218/226 and S (Severity) known for 214/226 UC;
e L (Location) known for 157/165 CD and B (Behavior) known for 162/165 CD. Analysis: Mann–Whitney U test for
continuous variables and Fisher exact or Chi-Square test for categorical variables. BMI, body mass index; DAS28,
Disease Activity Score 28, tender and swollen joint count.

3.2. Autoantibody Seropositivity
Overall, IgG anti-CCP2 levels were low when the diagnostic value in RA diagnosis was taken into
account (25 U/mL). In contrast to the RA patients, none of the IBD patients displayed levels above the
diagnostic cut-off value of RA, with the highest level being 13.6 U/mL in the IBD patients. However,
when seropositivity was defined using a lower cut-off, >2SD above the mean of HCs, 29 UC patients
(13%) and 28 CD patients (17%) were seropositive for IgG anti-CCP2, while 2 (5.6%) HCs and 74
(86%) RA patients were seropositive. Additionally, the specific IgG response against four citrullinated
peptides (Fib1, Fib2, Eno1 and Vim1) was measured in 20 sera from IBD patients with the highest IgG
anti-CCP2 response, all being higher than 4 U/mL. None of these IBD patients showed citrulline-specific
reactivity against any of these four peptides. Therefore, citrulline-specific reactivities against these
peptides were not measured in any of the other IBD patients, as no positive results were to be expected.
IgA anti-CCP2 levels are generally not used in RA diagnosis, therefore no diagnostic cut-off is
known. When applying a similar cut-off, as was used for IgG anti-CCP2, >2SD above the mean of
HCs, 83 UC patients (37%) and 52 CD patients (32%) were seropositive for IgA anti-CCP2, while only 1
(2.8%) HC and 64 (74%) RA patients were.

reactivities against these peptides were not measured in any of the other IBD patients, as no positive
results were to be expected.
IgA anti-CCP2 levels are generally not used in RA diagnosis, therefore no diagnostic cut-off is
known. When applying a similar cut-off, as was used for IgG anti-CCP2, >2SD above the mean of
HCs, 83 UC patients (37%) and 52 CD patients (32%) were seropositive for IgA anti-CCP2, while
Int.only
J. Environ.
Res.HC
Public
2020,RA
17, 8054
5 of 10
1 (2.8%)
andHealth
64 (74%)
patients were.
IgM and IgA RF seropositivity was low with 10 (4.4%) patients being seropositive for IgM RF, 6
(2.7%) for IgA RF in UC patients, 6 (3.6%) for IgM RF, and 8 (4.8%) in CD patients, respectively,
IgM and
seropositivity
was IgM
lowRF
with
(4.4%)
patients
being
seropositive
for IgM RF,
compared
to 1IgA
theRF
(2.8%)
in HCs for both
and10IgA
RF. 64
(74%) and
43 (50%)
RA patients
6 (2.7%)
for
IgA
RF
in
UC
patients,
6
(3.6%)
for
IgM
RF,
and
8
(4.8%)
in
CD
patients,
respectively,
were seropositive for IgM RF and IgA RF, respectively.
In total,
patients
(48.7%)
and 76
CDRF
patients
(46.1%)
were
seropositive
for atRA
least
one
compared
to 1110
theUC
(2.8%)
in HCs
for both
IgM
and IgA
RF. 64
(74%)
and 43 (50%)
patients
were
arthritis autoantibody,
which
were positive for IgA anti-CCP2. The autoantibody
seropositive
for IgM RFofand
IgAthe
RF,majority
respectively.
levels
are shown
in Figure
1, while
seropositivity
in the
groups(46.1%)
is depicted
in Figure
2.
In total,
110 UC
patients
(48.7%)
and 76 CD
patients
were
seropositive
for at least one

arthritis autoantibody, of which the majority were positive for IgA anti-CCP2. The autoantibody levels
are shown in Figure 1, while seropositivity in the groups is depicted in Figure 2.

Figure 1. Arthritis Autoantibody (AAb) levels for healthy controls (HC, n = 36), Ulcerative colitis
Figure
Arthritis
Autoantibody
(AAb)
controls
(HC, n (RA,
= 36),nUlcerative
colitis (A) IgG
(UC,
n =1.226),
Crohn’s
disease (CD,
n =levels
165) for
andhealthy
rheumatoid
arthritis
= 86) patients.
(UC,
n
=
226),
Crohn’s
disease
(CD,
n
=
165)
and
rheumatoid
arthritis
(RA,
n
=
86)
patients.
(A)
anti-CCP2 levels; (B) IgA anti-CCP2 levels; (C) IgM RF levels and (D) IgA RF levels. U/mL IgG
= Units/mL;
Int.
J. Environ.levels;
Res. Public
2020; 17; x levels; (C) IgM RF levels and (D) IgA RF levels. U/ml = Units/ml; 6 of 11
anti-CCP2
(B) Health
IgA anti-CCP2
aU/mL = arbitrary units/mL; IU/mL = International units/mL.
aU/ml = arbitrary units/ml; IU/ml = International units/ml.

Figure
2. Distribution
of arthritis
autoantibody
(AAb)
positivity
Figure
2. Distribution
of arthritis
autoantibody
(AAb)
positivityininHC
HC(n(n==5),
5),RA
RA(n
(n==81),
81), UC
UC (n
(n == 110)
and CD
= 76)
represented
in pieincharts.
110)(n
and
CD patients,
(n = 76) patients,
represented
pie charts.

3.3. Rheumatic Manifestations and Arthritis Autoantibody Status
Next, IBD patients who were seropositive for any of the arthritis autoantibodies (AAb+) were
compared to arthritis autoantibody negative (AAb−) IBD patients on clinical manifestations (Table
2). Over 90% of AAb+ patients were seropositive for IgA and/or IgG anti-CCP2. AAb+ and AAb−
patients did not differ in smoking behavior, disease duration or disease activity. AAb+ positive
patients were significantly younger than AAb− patients (UC p = 0.016, CD p = 0.017). AAb+ UC
patients were significantly younger at the disease onset than AAb− UC patients (p = 0.021). CRP
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3.3. Rheumatic Manifestations and Arthritis Autoantibody Status
Next, IBD patients who were seropositive for any of the arthritis autoantibodies (AAb+) were
compared to arthritis autoantibody negative (AAb−) IBD patients on clinical manifestations (Table 2).
Over 90% of AAb+ patients were seropositive for IgA and/or IgG anti-CCP2. AAb+ and AAb− patients
did not differ in smoking behavior, disease duration or disease activity. AAb+ positive patients were
significantly younger than AAb− patients (UC p = 0.016, CD p = 0.017). AAb+ UC patients were
significantly younger at the disease onset than AAb− UC patients (p = 0.021). CRP levels higher than
3 mg/L were seen in 21% of AAb− UC patients and 22% of AAb+ UC patients, while this level was
18% in AAb− CD patients and 38% in AAb+ CD patients. ESR (p = 0.009) and CRP (p = 0.008) levels
were significantly increased in AAb+ CD patients compared to AAb− CD patients.
Table 2. Comparison between serological characteristics and articular manifestations in inflammatory
bowel disease (IBD) patients subdivided for seropositivity for at least one rheumatoid arthritis (RA)
related autoantibody.
Ulcerative Colitis
Characteristics
and
manifestations
Female, n (%)
Age, years, mean (SD)
Ever smoker, n (%)
Active disease, n (%) a
Age at diagnosis, n (%)
A1 below 16 years
A2 between 17 and 40 years
A3 above 40 years
Disease duration, years, median (IQR)
ESR, mm/h, median (IQR)
CRP, mg/l, median (IQR)
pANCA, seropositive (%) b
ASCA, seropositive (%) c
Arthropathies
Enthesitis, n
Arthritis, n
Inflammatory backpain, n
Arthralgia, n (%) d

AAb−
(n = 116)

AAb+
(n = 110)

67 (57.8)
44.1 (15)
70 (60.3)
34 (29.3)

56 (50.9)
39.4 (14)
59 (53.6)
35 (31.8)

9 (7.8)
68 (59.1)
38 (33.0)
7 (4–14)
11 (5–18)
≤3 (≤3–3)
51 (52.7)
24 (25.8)

11 (10.3)
78 (72.9)
18 (16.8)
7 (4–12)
11 (5–18)
≤3 (≤3–3)
54 (61.4)
24 (27.3)

0
0
0
13 (14.7)

1
0
0
21 (22.3)

Crohn’s Disease
AAb−
(n = 89)

AAb+
(n = 76)

55 (61.8)
43.6 (15)
60 (69.0)
39 (47.6)

50 (65.8)
38.0 (14)
48 (64.9)
29 (42.7)

0.425
0.974
0.865
0.239
0.867

10 (11.2)
60 (67.4)
19 (21.3)
11 (4–17)
9 (5–20)
≤3 (≤3–3)
20 (25.6)
48 (61.5)

16 (22.2)
41 (56.9)
15 (20.8)
8.5 (4–15)
17.5 (8–24)
≤3 (≤3–8)
18 (29.5)
40 (69.0)

0.264
0.009
0.008
0.702
0.582

0.254

3
0
3
26 (32.5)

0
1
0
24 (34.3)

0.863

p Value
0.35
0.016
0.348
0.661
0.021

p Value
0.624
0.017
0.616
0.622
0.159

AAb−, arthritis autoantibody negative; AAb+, arthritis autoantibody positive; a measured by simple clinical colitis
activity index (SCCA) ≥3 or Harvey-Bradshaw index ≥4; b known for 180/226 UC and 139/165 CD; c Defined as IgA
and/or IgG ASCA seropositive, known for 181/226 UC and 136/165. d known for 182/226 UC and 151/165 CD; A, age at
diagnosis; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; pANCA, Perinuclear Anti-Neutrophil
Cytoplasmic Antibodies; ASCA, anti-Saccharomyces cerevisiae antibodies.

The presence of arthralgia was reported in 34 (18.7%) UC-patients and 50 (33.1%)
CD-patients. Remarkably, in AAb+ IBD patients, the presence of arthralgia was not increased.
Articular manifestations other than arthralgia were reported in few patients not allowing for any
statistical analysis. Treatment in UC and CD consisted of (a combination of) immunosuppressive
drugs, mesalazine, steroids, azathioprine, methotrexate, and anti-Tumor Necrosis Factor (TNF) agents.
Anti-CCP2 and/or RF seropositivity was not associated with any of these therapies.
4. Discussion
Inflamed mucosal surfaces (e.g., intestinal tissue, lungs and periodontium) have been hypothesized
as sites where the formation of ACPA initiates. The lungs [17,19] and periodontium [26,27] have
already been studied as potential sites for AAb generation, while the intestinal area is still to be assessed
as a site where autoantibody generation starts. The current study revealed that AAbs, especially
ACPA of both IgA and IgG subclasses, are present in serum from IBD patients. ACPAs, especially of
the IgA subclass, are increased in IBD patients compared to HCs, but do not exceed the diagnostic
level for RA [24]. IgM RF and IgA RF seropositivity was comparable to that observed in the general
population [28]. With regard to IBD patients with arthralgia, AAb+ IBD patients were significantly
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younger; the implications of this observation is not straightforward and was unexpected, as AAb
positivity is more prevalent among the aged [29]. The higher ESR and CRP levels in AAb+ than
in AAb− CD patients confirm the hypothesis that low positive ACPA levels are associated with
inflammation. Although CD and UC are both inflammatory diseases, CRP is a less reliable marker of
inflammation and disease activity in patients with UC, perhaps except for severe, extensive colitis [30].
Environmental and genetic factors are thought to play a role in the development of ACPA.
Environmental factors such as smoking were shown as risk factors for developing ACPA-positive
RA [15,31,32]. Smoking is considered to induce ACPA via the citrullination of proteins in the lungs by
activating the enzyme peptidyl arginine deiminase (PAD). Our results showed that the AAb− and
AAb+ IBD patients did not differ in smoking behavior. The presence of citrullinated proteins in colonic
biopsies from IBD patients [12,33] might be on the basis of the higher systemic ACPA levels in IBD
patients, similarly as smoking is able to induce citrullination in the lungs [34].
Genetic factors for ACPA development in RA, especially human leukocyte antigen DR beta 1
(HLA-DRB1) shared epitope (SE) alleles, are thought to play a role in the epitope spreading and rise
of ACPA levels after the initiation of ACPA production, which is HLA-DRB1 SE independent [35].
In addition, bacterial antigens are hypothesized to contribute to ACPA development via molecular mimicry
of self-antigens presented by predisposing HLA-DQ molecules [36]. However, HLA-associated genetic
risk factors involved in IBD [37,38] are not involved in development of ACPA+ RA [39]. Therefore,
we can speculate that due to the absence of these HLA-related risk factors, ACPA initiation in IBD is
not followed by a maturation of the ACPA response and spreading of epitopes, which can be measured
in the context of RA development. This is also reflected by the negative results on the reactivity against
the four citrullinated peptides, although this assay is also less sensitive than the anti-CCP2 ELISA.
The results of our study show that extra-intestinal manifestations in IBD patients are not associated
with arthritis autoantibody levels in serum. The presence of arthralgia was reported in a high number
of patients (34 (18.7%) UC patients and 50 (33.1%) CD patients). Arthralgia was not clearly defined;
therefore, it could have been that enthesitis and fibromyalgia were also in part responsible for these
large numbers. Notwithstanding, our study confirms the results of other studies that found no
association between articular manifestations and ACPA in IBD patients [21,22,40].
IBD is a condition which is particularly linked to gut microbiota, especially to gammaproteobacteria
and the presence of Escherichia coli and fusobacteria [41–44]. The link between RA and the human
microbiome is less clear [45]. The oral anaerobe bacterium Porphyromonas gingivalis has been
hypothesized to play a role in RA development by creating citrullinated bacterial and/or human
antigens with its own PAD-enzyme (PPAD) [46]. However, oral microbiome studies [47,48] did not find
associations with P. gingivalis in the oral microbiome and the presence of RA. Thus, enzymatic activity of
PPAD is probably not a major virulence mechanism during the early stages of inflammatory arthritis [49].
Studies on gut-microbiota in treatment-naive RA patients point towards an increased prevalence of
Prevotella copri in early RA patients [50] as well as Lactobacillus salivarius [48]. Zhang et al [48] studied
the relationship between the gut microbiome and autoantibody levels and found that Haemophilus spp.
were negatively correlated with anti-CCP, while the presence of Prevotella spp. positively correlated
with RF. Whether gut-microbiota also play a role in articular manifestations and autoantibody levels in
IBD patients remains a topic for future research.
A limitation of the current study was that not all UC and CD patients were seen by a rheumatologist.
Only in case of a suspect of arthritis and spondylarthropathies was the patient seen by a rheumatologist.
Another limitation of the study was that we could not relate arthritis autoantibodies to gut microbiome data,
which would have been very interesting, since such an association has been suggested in several studies.
5. Conclusions
In conclusion, arthritis autoantibodies are present in serum from IBD patients, which supports the
hypothesis that the inflammation of intestinal mucosa induces low systemic levels of ACPA, although
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their role in the induction of RA is yet unclear. The development of arthralgia in IBD patients is
independent of the presence of arthritis autoantibodies.
Author Contributions: Conceptualization, K.M.J.J., H.H. and J.W.; methodology, K.M.J.J., H.H. and J.W.; validation,
K.M.J.J.; formal analysis, K.M.J.J., M.J.d.S., A.V., E.B. and J.W.; resources, A.V.; data curation, K.M.J.J. and J.W.;
writing—original draft preparation, K.M.J.J.; writing—review and editing, H.H., A.V., G.D., M.J.d.S., E.B. and J.W.;
visualization, K.M.J.J., H.H. and J.W.; supervision, A.V., G.D. and J.W. All authors have read and agreed to the
published version of the manuscript.
Funding: This work was supported by the Dutch Arthritis Society, number 16-2-201.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.

5.

6.

7.

8.
9.
10.

11.

12.
13.

14.
15.
16.

Hendrickson, B.A.; Gokhale, R.; Cho, J.H. Clinical aspects and pathophysiology of inflammatory bowel
disease. Clin. Microbiol. Rev. 2002, 15, 79–94. [CrossRef]
Abraham, C.; Cho, J.H. Inflammatory bowel disease. N. Engl. J. Med. 2009, 361, 2066–2078. [CrossRef]
Bernstein, C.N.; Blanchard, J.F.; Rawsthorne, P.; Yu, N. The prevalence of extraintestinal diseases in
inflammatory bowel disease: A population-based study. Am. J. Gastroenterol. 2001, 96, 1116–1122. [CrossRef]
Algaba, A.; Guerra, I.; Ricart, E.; Iglesias, E.; Mañosa, M.; Gisbert, J.P.; Guardiola, J.; Mínguez, M.; Castro, B.;
De Francisco, R.; et al. Extraintestinal manifestations in patients with inflammatory bowel disease: Study
based on the ENEIDA registry. Dig. Dis. Sci. 2020, Online ahead of print. [CrossRef]
Quinton, J.F.; Sendid, B.; Reumaux, D.; Duthilleul, P.; Cortot, A.; Grandbastien, B.; Charrier, G.; Targan, S.R.;
Colombel, J.F.; Poulain, D. Anti-Saccharomyces cerevisiae mannan antibodies combined with antineutrophil
cytoplasmic autoantibodies in inflammatory bowel disease: Prevalence and diagnostic role. Gut 1998, 42,
788–791. [CrossRef]
Elkadri, A.A.; Stempak, J.M.; Walters, T.D.; Lal, S.; Griffiths, A.M.; Steinhart, A.H.; Silverberg, M.S. Serum
antibodies associated with complex inflammatory bowel disease. Inflamm. Bowel Dis. 2013, 19, 1499–1505.
[CrossRef]
Torres, J.; Petralia, F.; Sato, T.; Wang, P.; Telesco, S.E.; Choung, R.S.; Strauss, R.; Li, X.J.; Laird, R.M.;
Gutierrez, R.L.; et al. Serum biomarkers identify patients who will develop inflammatory bowel diseases up
to 5 years before diagnosis. Gastroenterology 2020, 159, 96–104. [CrossRef]
McInnes, I.B.; Schett, G. The pathogenesis of rheumatoid arthritis. N. Engl. J. Med. 2011, 365, 2205–2219.
[CrossRef]
Aletaha, D.; Smolen, J.S. Diagnosis and management of rheumatoid arthritis: A review. JAMA 2018, 320,
1360–1372. [CrossRef]
Van der Helm-van Mil, A.H.; Verpoort, K.N.; Breedveld, F.C.; Toes, R.E.M.; Huizinga, T.W.J.
Antibodies to citrullinated proteins and differences in clinical progression of rheumatoid arthritis.
Arthritis Res. Ther. 2005, 7, R949–R958. [CrossRef]
Nielen, M.M.J.; Van Schaardenburg, D.; Reesink, H.W.; Van De Stadt, R.J.; Van Der Horst-Bruinsma, I.E.;
De Koning, M.H.M.T.; Habibuw, M.R.; Vandenbroucke, J.P.; Dijkmans, B.A.C. Specific autoantibodies precede
the symptoms of rheumatoid arthritis: A study of serial measurements in blood donors. Arthritis Rheum.
2004, 50, 380–386. [CrossRef]
Makrygiannakis, D.; Klint, E.A.; Lundberg, I.E.; Lofberg, R.; Ulfgren, A.-K.; Klareskog, L.; Catrina, A.I.
Citrullination is an inflammation-dependent process. Ann. Rheum. Dis. 2006, 65, 1219–1222. [CrossRef]
Dragoni, G.; De Hertogh, G.; Vermeire, S. The role of citrullination in inflammatory bowel disease: A neglected
player in triggering inflammation and fibrosis? Inflamm. Bowel Dis. 2020, izaa095, Online ahead of print.
[CrossRef]
Demoruelle, M.K.; Deane, K.D.; Holers, V.M. When and where does inflammation begin in rheumatoid
arthritis? Curr. Opin. Rheumatol. 2014, 26, 64–71. [CrossRef]
Smolen, J.S.; Aletaha, D.; McInnes, I.B. Rheumatoid arthritis. Lancet 2016, 388, 2023–2038. [CrossRef]
Khandpur, R.; Carmona-Rivera, C.; Vivekanandan-Giri, A.; Gizinski, A.; Yalavarthi, S.; Knight, J.S.; Friday, S.;
Li, S.; Patel, R.M.; Subramanian, V.; et al. NETs are a source of citrullinated autoantigens and stimulate
inflammatory responses in rheumatoid arthritis. Sci. Transl. Med. 2013, 5, 178ra40. [CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 8054

17.

18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.
31.
32.
33.

34.

9 of 10

Rangel-Moreno, J.; Hartson, L.; Navarro, C.; Gaxiola, M.; Selman, M.; Randall, T.D. Inducible
bronchus-associated lymphoid tissue (iBALT) in patients with pulmonary complications of rheumatoid
arthritis. J. Clin. Investig. 2006, 116, 3183–3194. [CrossRef]
Haga, H.J.; Palm, Ø.; Peen, E. Prevalence of IgA class antibodies to cyclic citrullinated peptide in patients
with inflammatory bowel disease (IBD). Clin. Rheumatol. 2011, 30, 955–957. [CrossRef]
Valesini, G.; Gerardi, M.C.; Iannuccelli, C.; Pacucci, V.A.; Pendolino, M.; Shoenfeld, Y. Citrullination and
autoimmunity. Autoimmun. Rev. 2015, 14, 490–497. [CrossRef]
Koutroubakis, I.E.; Bourikas, L.; Kouroumalis, E.A.; Drygiannakis, I.; Drygiannakis, D.; Karmiris, K.
Antibodies against cyclic citrullinated peptide (CCP) in inflammatory bowel disease patients with or without
arthritic manifestations. Inflamm. Bowel Dis. 2007, 13, 504–505. [CrossRef]
Papamichael, K.; Tsirogianni, A.; Papasteriades, C.; Mantzaris, G.J. Low prevalence of antibodies to cyclic
citrullinated peptide in patients with inflammatory bowel disease regardless of the presence of arthritis.
Eur. J. Gastroenterol. Hepatol. 2010, 22, 705–709. [CrossRef]
Al-Jarallah, K.F.; Shehab, D.; Al-Attiyah, R.; Al-Azmi, W.; Al-Fadli, A.; Haider, M.Z.; Panaccione, R.; Ghosh, S.
Antibodies to mutated citrullinated vimentin and anti-cyclic citrullinated peptide antibodies in inflammatory
bowel disease and related arthritis. Inflamm. Bowel Dis. 2012, 18, 1655–1662. [CrossRef]
Van De Stadt, L.A.; Van Der Horst, A.R.; De Koning, M.H.M.T.; Bos, W.H.; Wolbink, G.J.; Van De Stadt, R.J.;
Pruijn, G.J.M.; Dijkmans, B.A.C.; Van Schaardenburg, D.; Hamann, D. The extent of the anti-citrullinated
protein antibody repertoire is associated with arthritis development in patients with seropositive arthralgia.
Ann. Rheum. Dis. 2010, 70, 128–133. [CrossRef] [PubMed]
Janssen, K.M.J.; De Smit, M.J.; Brouwer, E.; de Kok, F.A.; Kraan, J.; Altenburg, J.; Verheul, M.K.; Trouw, L.A.;
Van Winkelhoff, A.J.; Vissink, A.; et al. Rheumatoid arthritis–associated autoantibodies in non–rheumatoid
arthritis patients with mucosal inflammation: A case–control study. Arthritis Res. Ther. 2015, 17, 174.
[CrossRef] [PubMed]
Van Leeuwen, M.A.; Westra, J.; Van Riel, P.; Limburg, P.C.; Van Rijswijk, M.H. IgM, IgA, and IgG rheumatoid
factors in early rheumatoid arthritis predictive of radiological progression? Scand. J. Rheumatol. 1995, 24,
146–153. [CrossRef]
Harvey, G.P.; Fitzsimmons, T.R.; Dhamarpatni, A.A.; Marchant, C.; Haynes, D.R.; Bartold, M. Expression
of peptidylarginine deiminase-2 and -4, citrullinated proteins and anti-citrullinated protein antibodies in
human gingiva. J. Periodontal. Res. 2012, 48, 252–261. [CrossRef]
Nesse, W.; Westra, J.; Wal, J.E.; Abbas, F.; Nicholas, A.P.; Vissink, A.; Brouwer, E. The periodontium of
periodontitis patients contains citrullinated proteins which may play a role in ACPA (anti-citrullinated
protein antibody) formation. J. Clin. Periodontol. 2012, 39, 599–607. [CrossRef]
Nielsen, S.F.; Bojesen, S.E.; Schnohr, P.; Nordestgaard, B.G. Elevated rheumatoid factor and long term risk of
rheumatoid arthritis: A prospective cohort study. BMJ 2012, 345, e5244. [CrossRef]
Palosuo, T.; Tilvis, R.; Strandberg, T.; Aho, K. Filaggrin related antibodies among the aged. Ann. Rheum. Dis.
2003, 62, 261–263. [CrossRef]
Vermeire, S.; Van Assche, G.; Rutgeerts, P. The role of C-reactive protein as an inflammatory marker in
gastrointestinal diseases. Nat. Clin. Pr. Gastroenterol. Hepatol. 2005, 2, 580–586. [CrossRef]
Klareskog, L.; Rönnelid, J.; Lundberg, K.; Padyukov, L.; Alfredsson, L. Immunity to citrullinated proteins in
rheumatoid arthritis. Annu. Rev. Immunol. 2008, 26, 651–675. [CrossRef]
Kang, J.; Jeong, S.H.; Lee, K.; Park, N.; Jung, H.; Lee, K.; Ju, J.H. Exacerbation of symptomatic arthritis by
cigarette smoke in experimental arthritis. PLoS ONE 2020, 15, e0230719. [CrossRef]
Mortensen, J.H.; Godskesen, L.E.; Jensen, M.D.; Van Haaften, W.T.; Klinge, L.; Olinga, P.; Dijkstra, G.;
Kjeldsen, J.; Karsdal, M.A.; Bay-Jensen, A.C.; et al. Fragments of citrullinated and MMP-degraded vimentin
and MMP-degraded type III collagen are novel serological biomarkers to differentiate crohn’s disease from
ulcerative colitis. J. Crohns Colitis 2015, 9, 863–872. [CrossRef]
Klareskog, L.; Stolt, P.; Lundberg, K.; Källberg, H.; Bengtsson, C.; Grunewald, J.; Harris, H.E.; Ulfgren, A.-K.;
Rantapää-Dahlqvist, S.; Eklund, A.; et al. A new model for an etiology of rheumatoid arthritis: Smoking may
trigger HLA–DR (shared epitope)–restricted immune reactions to autoantigens modified by citrullination.
Arthritis Rheum. 2006, 54, 38–46. [CrossRef]

Int. J. Environ. Res. Public Health 2020, 17, 8054

35.

36.

37.
38.
39.
40.

41.
42.

43.
44.
45.

46.

47.

48.

49.
50.

10 of 10

Hensvold, A.H.; Magnusson, P.K.E.; Joshua, V.; Hansson, M.; Israelsson, L.; Ferreira, R.; Jakobsson, P.J.;
Holmdahl, R.; Hammarström, L.; Malmström, V.; et al. Environmental and genetic factors in the development
of anticitrullinated protein antibodies (ACPAs) and ACPA-positive rheumatoid arthritis: An epidemiological
investigation in twins. Ann. Rheum. Dis. 2013, 74, 375–380. [CrossRef]
Van Heemst, J.; Jansen, D.T.S.L.; Polydorides, S.; Moustakas, A.K.; Bax, M.; Feitsma, A.L.;
Bontrop-Elferink, D.G.; Baarse, M.; Van Der Woude, D.; Wolbink, G.J.; et al. Crossreactivity to vinculin and
microbes provides a molecular basis for HLA-based protection against rheumatoid arthritis. Nat. Commun.
2015, 6, 6681. [CrossRef]
Ahmad, T.; Marshall, S.E.; Jewell, D. Genetics of inflammatory bowel disease: The role of the HLA complex.
World J. Gastroenterol. 2006, 12, 3628–3635. [CrossRef]
Ashton, J.J.; Latham, K.; Beattie, R.M.; Ennis, S. Review article: The genetics of the human leucocyte antigen
region in inflammatory bowel disease. Aliment. Pharmacol. Ther. 2019, 50, 885–900. [CrossRef]
Dedmon, L.E. The genetics of rheumatoid arthritis. Rheumatology 2020, 59, 2661–2670. [CrossRef]
Van Erp, S.J.H.; Verheul, M.K.; Nivine Levarht, E.W.; van der Reijden, J.J.; van der Heijde, D.; van Gaalen, F.A.;
Hommes, D.W.; Norman, G.L.; Shums, Z.; Mahler, M.; et al. Absence of serological rheumatoid arthritis
biomarkers in inflammatory bowel disease patients with arthropathies. Eur. J. Gastroenterol. Hepatol.
2017, 29, 345–348. [CrossRef]
Kostic, A.D.; Xavier, R.J.; Gevers, D. The microbiome in inflammatory bowel disease: Current status and the
future ahead. Gastroenterology 2014, 146, 1489–1499. [CrossRef]
Pittayanon, R.; Lau, J.T.; Leontiadis, G.I.; Tse, F.; Yuan, Y.; Surette, M.; Moayyedi, P. Differences in gut
microbiota in patients with vs without inflammatory bowel diseases: A systematic review. Gastroenterol.
2020, 158, 930–946. [CrossRef]
Schirmer, M.; Garner, A.; Vlamakis, H.; Xavier, R.J. Microbial genes and pathways in inflammatory bowel
disease. Nat. Rev. Genet. 2019, 17, 497–511. [CrossRef]
Liu, S.; Zhao, W.; Lan, P.; Mou, X. The microbiome in inflammatory bowel diseases: From pathogenesis to
therapy. Protein Cell 2020, 1–15. [CrossRef]
Reyes-Castillo, Z.; Valdés-Miramontes, E.; Llamas-Covarrubias, M.; Muñoz-Valle, J.F. Troublesome friends
within us: The role of gut microbiota on rheumatoid arthritis etiopathogenesis and its clinical and therapeutic
relevance. Clin. Exp. Med. 2020. Online ahead of print. [CrossRef]
Rosenstein, E.D.; Greenwald, R.A.; Kushner, L.J.; Weissmann, G. Hypothesis: The Humoral Immune
Response to Oral Bacteria Provides a Stimulus for the Development of Rheumatoid Arthritis. Inflamm.
2004, 28, 311–318. [CrossRef]
Scher, J.U.; Ubeda, C.; Equinda, M.; Khanin, R.; Buischi, Y.; Viale, A.; Littman, D.R.; Pamer, E.G.;
Bretz, W.A.; Abramson, S.B. Periodontal disease and the oral microbiota in new-onset rheumatoid arthritis.
Arthritis Rheum. 2012, 64, 3083–3094. [CrossRef]
Zhang, X.; Zhang, D.; Jia, H.; Feng, Q.; Wang, D.; Liang, D.; Wu, X.; Li, J.; Tang, L.; Li, Y.; et al. The oral and
gut microbiomes are perturbed in rheumatoid arthritis and partly normalized after treatment. Nat. Med.
2015, 21, 895–905. [CrossRef]
Muñoz-Atienza, E.; Flak, M.B.; Sirr, J.; Paramonov, N.; Aduse-Opoku, J.; Pitzalis, C.; Curtis, M. The P. gingivalis
autocitrullinome is not a target for ACPA in early rheumatoid arthritis. J. Dent. Res. 2020, 99, 456–462. [CrossRef]
Scher, J.U.; Sczesnak, A.; Longman, R.S.; Segata, N.; Ubeda, C.; Bielski, C.; Rostron, T.; Cerundolo, V.;
Pamer, E.G.; Abramson, S.B.; et al. Expansion of intestinal Prevotella copri correlates with enhanced
susceptibility to arthritis. eLife 2013, 2, e01202. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

