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Aim of the work: Anti-citrullinated protein antibodies (ACPAs), is a highly specific markers for rheumatoid
arthritis, can also be found in psoriatic arthritis (PsA). This work aimed to look into the frequency of
rheumatoid factor (RF) and ACPA in PsA and psoriasis patients without clinical evidence of arthritis
(PSO), and to correlate findings with demographics, disease characteristics, laboratory findings, and radi-
ological damage in PsA. Patients and methods: The study included 78 PsA patients, 47 PSO patients, and
69 normal controls. Full clinical assessments, RF and ACPA assays, and modified radiological Steinbroker
score (Mss) for PsA were performed. Results: The age of the patients was 45.6 ± 8.7 years and the M:F
59:66 (M:F 0.9:1). Positive RF was not significantly different between PsA and PSO groups (p = 0.35),
but positive ACPA was significantly more common in PsA patients (p < 0.001) than in PSO and controls.
No significant difference was observed between the PSO and controls (p = 0.08). In PsA, RF titers corre-
lated significantly with ESR (p = 0.002), swollen joint count (SJC)(p = 0.02), tender joint count (TJC)
(p = 0.02), and mSS (p = 0.001), while in the PSO RF correlated significantly with ESR (p = 0.011) and
CRP levels (p = 0.02). In the PsA, ACPA titer significantly correlated with CRP levels (p < 0.001), SJC
(p = 0.002), TJC (p = 0.003), mSS (p < 0.001) and PASI (p < 0.001), but with none of these in the PSO.
Conclusion: PsA patients have more frequent positive RF and ACPA than PSO patients. ACPA values are
significantly correlated with markers of inflammation, swollen and tender joint count and radiological
damage in PsA and not in PSO patients.
� 2023 THE AUTHORS. Publishing services by ELSEVIER B.V. on behalf of The Egyptian Society of Rheu-
matic Diseases. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Psoriatic arthritis (PsA) is a chronic, progressive inflammatory
arthritis that may lead to permanent joint damage and disability
[1]. It can affect the peripheral joints, entheses, tendon sheaths,
and axial skeleton [2]. Unfortunately, there is no specific serologic
test for PsA. The Rheumatoid factor (RF) contributed to the desig-
nation of PsA as an independent nosological entity, in the sense
that patients with arthritis and psoriasis are usually seronegative
for RF, differentiating them from rheumatoid arthritis (RA)
patients, who are usually seropositive for RF. The rather low speci-
ficity of RF for RAmotivated the search for a more reliable serologic
test [3]. Anti-citrullinated protein antibodies (ACPAs) are present
in roughly 70 % of RA patients, in addition to rheumatoid factor
(RFs). The anti-CCP test proved to be extremely specific (98 %),
and reasonably sensitive (68 %) [4]. ACPAs are considered distinct
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RA markers and have been included in the revised classification
criteria for RA diagnosis. These antibodies, on the other hand, have
been found in patients with a variety of chronic connective tissue
disorders, including systemic lupus erythematosus (SLE), systemic
sclerosis (SSc), Sjogren’s syndrome (SS), and mixed connective tis-
sue disease [5]. Furthermore, ACPAs were prevalent among juve-
nile idiopathic arthritis (JIA) patients with polyarticular patterns
compared to other disease patterns and positively correlated with
erosive changes [6]. It has been suggested that ACPAmay be able to
predict RA in patients with early undifferentiated arthritis (UA),
allowing for early individualized therapeutic decisions [7].

The presence of ACPAs in PsA patients has received a lot of
attention in the literature over the last decade. A number of studies
with different aims and conclusions examined ACPA presence in
PsA patients [8–13], comparing them to RA [14] and assessing its
levels in psoriatic patients with or without joint inflammation
[8,15] and in the synovial fluid among PsA patients [16]. The spec-
trum of joint involvement in seronegative SpA should not be lim-
ited to sacroiliitis [17]. Furthermore, there is compelling evidence
of magnetic resonance imaging (MRI) subclinical synovitis and
enthesitis in patients with skin psoriasis without clinical evidence
of arthritis [18].

Given this, we were motivated to estimate RF and ACPAs levels
in PsA patients’ and in PSO patients with no clinical evidence of
arthritis and to determine associations of the results with disease
characteristics and patterns in the PsA patients.
Fig. 1. Multiple X-rays views for different psoriatic patients: (A and B): Hands sho
interphalangeal (PIP and DIP) joints more evident at the right ring and index fingers (ma
joints erosive arthropathy with early erosive changes at the PIPs. (D): Hands showing bil
PIPs of the right index. (E): Left hand showing advanced arthritic changes of the wrist and
Pencil-in-cup deformity. (H): Pelvis showing bilateral symmetrical sacrolilitis and (I) osei
fingers with pencil in cup deformity of the right middle finger PIP.
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2. Patient and methods

The current study included 78 patients with PsA and another 47
patients with skin psoriasis (PSO) only who had no clinical evi-
dence of peripheral arthritis /dactylitis /tenosynovitis and/or axial
involvement by proper clinical assessment. The control group
included 69 age and gender matched normal subjects with no fam-
ily history of autoimmune disorders or psoriasis and no joint com-
plaints at the time of inclusion. The Classification of Psoriatic
Arthritis (CASPAR) criteria were met by all PsA patients [19]. The
study was performed in accordance to the ethical standards of
Cairo University Hospitals research committee and to the 1964
Helsinki declaration. Informed consents were provided by the
patients.

A thorough history taking and clinical examination was per-
formed. All disease specific features were assessed and radiologi-
cally confirmed by plain X-rays in all PsA patients and by MRI in
certain patients. The clinical patterns of PsA patients were in accor-
dance to Moll and Wright criteria [20]. Psoriasis severity was
expressed using the Psoriasis Area and Severity Index (PASI) [21].

Baseline laboratory parameters obtained at inclusion included
ESR 1st hour, CRP, complete blood count, complete liver and kidney
function tests, and urine analysis. IgM-RF and ACPA were assessed
by enzyme linked immunosorbent assay (ELISA). A cut-off of 5.0 U/mL
was considered and � 5 U/mL was considered positive according to
manufacturer’s instructions.
wing polyarticular osteopenia and erosive arthritis of the proximal and distal
gnified view). (C): Hands of a patient with advanced left intercarpal and radiocarpal
ateral intercarpal and radiocarpal erosive arthropathy with flexion deformity of the
the intercarpal joints. (F and G): Feet showing arthritis mutilans with deformity and
tis pubis with bilateral hip osteoarthritis (R > L). (J): Hands showing sausage shaped



Fig. 2. Fat suppressed magnetic resonance imaging (MRI) images of different patients. (A): Axial right foot MRI STIR (Short Tau Inversion Recovery) showing right 2nd and 3rd
toes tenosynovitis; (B and C): Sagittal STIR images showing bone marrow oedema (BME) of the hind foot bones; (D and E): Sagittal and Coronal images of the left index flexor
tenosynovitis; (F and G): Axial images of ankle MRI showing BME of the cuneiform bones; (H): Sagittal image of the ankle showing Acihlles enthesitis; (I) Coronal MRI
showing left sacroiliitis; (J) Left wrist Coronal MRI showing BME of the distal radius, carpal bones and the base of the 5th metacarpal bone.
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Radiological progression in the PsA group of patients was
assessed using the modified Steinbroker score (Mss) [22].

Statistical analysis: Statistical package for Social Science (SPSS
15.0.1) was used. Variables were presented as mean, standard
deviation (+SD), range or numbers and percentages. Comparisons
between two groups will be made using a pooled t-test or Mann
Whitney/ Wilcoxon) test of significance (Z-test).The Chi-square
test was used to compare categorical data (X2 -test). The Pearson’s
correlation coefficient ‘‘r” was considered. To estimate the relation-
ships between RF and ACPAs titers as dependent variables, regres-
sion analysis modules were used. P-value � 0.05 was accepted as
significant.
3. Results

The study included 125 psoriasis patients; 78 PsA and 47 PSO
only patients as well as 69 matched controls. The age of the
patients 45.6 ± 8.7 years and M:F 59:66 (M:F 0.9:1) were compara-
ble with the control age (43.1 ± 10.2 years) and gender (M:F
26:43M:F 0.6:1)(p = 0.79 and p = 0.2 respectively). The RF was pos-
itive in 15 patients (12 %) and in only 8 (11.6 %) of control (p = 0.93)
and the titre was comparable (12.5 ± 36.3 u/ml vs 11.1 ± 20.6 u/ml;
p = 0.74). ACPA was positive in 32 (25.6 %) patients and in none of
the control while the titre was significantly higher in the patients
(76.7 ± 227.7 u/ml vs 0.82 ± 0.68 u/ml; p < 0.0001).

Various disease specific features radiologically confirmed by
plain X-rays in PsA patients are presented in Fig. 1. MRI findings
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are presented in Figs. 2 and 3. Table 1 shows detailed comparisons
of demographic information, clinical features, disease characteris-
tics, laboratory findings, and PASI. There was no significant differ-
ence in RF positivity or titre between the PsA and PSO patients, but
ACPA positivity and titre were significantly more frequent in the
PsA (p < 0.001).

Correlations of RF and ACPA in both PsA and PSO patients with
demographic, clinical and laboratory findings of the patients are
presented in Table 2. Regarding the disease patterns, the symmet-
ric polyarthritis PsA affection tended to be associated with RF titre
(p = 0.051) and was significantly associated with ACPA (p < 0.001).

In both groups of patients, regression analysis was used to esti-
mate RF and ACPAs titers as dependent factors among other impor-
tant independent variables. In PsA patients (module1), RF titer
showed only a significant association with PASI (p = 0.01); (mod-
ule.2), ACPAs titer was significantly associated with SJC
(p = 0.02), PASI (p < 0.001), and Mss (p < 0.001). In PSO patients
(module.3): RF titer was significantly associated with ESR levels
(p = 0.001); (module.4): ACPAs titer was not associated with other
independent variables (Table 3).
4. Discussion

The presence of RF and ACPAs in PsA and skin psoriasis (PSO)
only patients has been documented in previous reports
[8–16,23–26]. Enhanced MRI detected subclinical synovitis and



Fig. 3. Fat suppressed magnetic resonance imaging (MRI) images of different patients. (A and B): Coronal and sagittal images of the same patient’s MRI with right middle
finger tenosynovitis with pencil in cup appearance suggestive of psoriatic arthritis; (C and D): Coronal and axial images of a patient with left index flexors tenosynovitis; (E,F
and G): Right foot MRI axial images showing 2nd and 3rd toe flexors tenosynovitis.
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enthesitis in psoriatic patients and delineated undifferentiated
arthritis [27].

In the current study, the frequencies of positive RF and ACPA in
PsA and PSO only patients were present in 14.1 % and 38.5 % vs
8.5 % and 4.3 % respectively. RF and ACPAs titers are associated
with symmetric polyarthritis. In accordance, ACPAs was found to
be more prevalent in patients with PsA than in patients with pso-
riasis only [9]. However, in a previous study ACPAs were com-
pletely absent in patients with PSO [20].

In this study, in PsA patients, RF titer significantly correlated
with ESR, SJC, TJC and Mss, while ACPA titers correlated with
ESR, CRP levels, SJC, TJC, Mss and PASI. Previous studies
[10,12,13] have linked ACPAs in PsA to higher SJC and more radio-
logical damage, which is consistent with current findings. Another
study found that ACPAs positivity in PsA patients were associated
with elderly disease onset, lung involvement, RF, higher MMP-3
titers, and resistance to anti-tumor necrosis factor (TNF)-alpha
inhibitors[15]. ACPA-positive PsA patients were also older and
had higher levels of RF positivity and fibrinogen levels in another
study [16]. Furthermore, ACPAs positive PsA patients may require
more aggressive lines of treatment when compared to ACPAs neg-
ative cases [17]. In contrast, in some studies ACPA positivity in PsA
patients was neither related to the degree of skin involvement [18]
nor radiological damage [9]. In line, previous findings
[10,12,13,15–17] suggest that ACPAs positivity is associated with
bone destruction in PsA, implying that ACPAs mediated osteo-
catabolic effect is not limited only to RA but are also detectable
in a different pathogenetic context of distinct disease entities
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[28]. Intriguingly, the presence of ACPAs in patients with skin pso-
riasis appears to be more interrogative, taking into account that
subclinical synovitis and enthesitis in patients with skin psoriasis
who did not have clinical evidence of arthritis were previously
identified by enhanced MRI studies [23,29,30].

Despite current and previous findings [9–22], it is believed
that positive RF and ACPAs may play minor roles in diagnosing
or treatment of patients with established PsA who have typical
psoriatic skin lesions and even symmetric arthritis that resem-
bles RA clinical presentation; the latter will be treated as
straightforward cases of PsA, with no room for ambiguity. On
the other hand RF, ACPAs positivity, may pose a diagnostic
quandary in patients with psoriatic arthritis sine psoriasis, or
in patients with undifferentiated arthritis (UA) who lack the typ-
ical dominant disease characteristics of the SpA such as dactyli-
tis, tenosynovitis, and sacroiliitis.

Such group of patients with a wide range of clinical manifesta-
tions will be fascinating to follow prospectively to determine their
exact evolution pattern. It was discussed that subclinical synovitis
in early PsA may cause a large number of patients to be reclassified
from an oligoarticular to a polyarticular pattern of joint involve-
ment, but that this should take into account RF and/or ACPAs pos-
itivity, as well as the absence of typical psoriatic skin lesions,
which can cause diagnostic confusion [20]. On the other hand in
SpA, other diagnostic biomarkers such as faecal calprotectin may
play important additive diagnostic roles in the detection of early
subclinical bowel inflammation, known to exist in this domain
[30].



Table 1
Demographic, clinical and laboratory findings among the psoriatic arthritis and
psoriasis only patients.

Variables PsA
(n = 78)

PSO
(n = 47)

p

Age (years) 46.3 ± 7.6 44.4 ± 10.2 0.23
Gender (M:F) 35/43 24/ 23 0.5
Age at onset (years) 36.8 ± 9.9 33.6 ± 10.7 0.09
Disease duration (mo) 111.95 ± 97.4 134.6 ± 93.9 0.15
Duration of arthritis (mo) 32.5 ± 31.3 NA –
Asymmetric oligoarthritis 46 (59) NA –
Symmetric polyarthritis 22 (28.2) NA –
SpA 10 (12.8) NA –
Swollen joint count (SJC) 4.8 ± 2.8 NA –
Tender joint count (TJC) 4.9 ± 2.8 NA –
Tenosynovitis 41 (52.6) NA –
Dactylitis 20 (25.6) NA –
Sacroiliitis 17 (21.8) NA –
Uveitis 4 (5.1) NA –
Nail changes 63 (80.8) 38 (80.9) 0.99
PASI 5.95 ± 6.7 5.6 ± 7.3 0.41
ESR (mm/1st h) 31.9 ± 17.3 14.4 ± 10.6 <0.001
CRP (mg/dl) 2.6 ± 3.4 0.56 ± 0.39 <0.001
Hemoglobin (g/dl) 12.4 ± 1.4 13.5 ± 1.3 <0.001
TLC (103/ll) 7.8 ± 2.7 6.9 ± 1.5 0.02
Platelets (103/ll) 316.6 ± 62.4 294.2 ± 54.5 0.04
Serum uric acid 5.7 ± 1.4 5.7 ± 1.3 0.87
RF titer (l/ml) 14.8 ± 43.3 8.6 ± 19.8 0.78
ACPA titer (l/ml) 121.1 ± 279.4 3.02 ± 11.03 <0.001
Positive RF 11 (14.1) 4 (8.5) 0.35
Positive ACPA 30 (38.5) 2 (4.3) <0.001
RF&ACPA (both/one/none) 6/29/43 0/6/41 <0.001
Positive RF/ACPA 6 0 –
Positive RF/negative ACPA 5 4 –
Negative RF/positive ACPA 24 2 –
Negative RF/ACPA 43 41 –
Mss 60.2 ± 27.8 NA NA

SpA: Spondyloarthropathy; PsA: Psoriatic arthritis; PSO: psoriasis; ESR: erythrocyte
sedimentation rate; PASI: Psoriasis Area Severity Index; RF: rheumatoid factor;
ACPA: anti-citrullinated protein/peptide antibodies; CRP: C-reactive protein, TLC:
total leukocyte count Mss: modified Steinbroker score. Bold values are significant at
p < 0.05).
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The ACPAs are found in 1–3 % of the general population, can
exist in asymptomatic people for a long time and not all ACPA-
positive individuals develop arthritis. They are important disease
biomarkers in RA, contributing to the early pathological signs of
disease progression. On the other hand, ACPAs specificities
required for targeting different cell types emerge rather stochasti-
Table 2
Correlations between rheumatoid factor (RF) and anti-citrullinated protein/peptide ant
demographic, clinical and laboratory findings.

Variablesr
(p)

PsA (n = 78)

RF titer ACPA titer

Age (years) 0.14 (0.22) 0.26
Age of onset (years) 0.22 (0.052) 0.08
Disease duration (mo) �0.18 (0.11) 0.16
Arthritis duration (mo) 0.08 (0.51) �0.09
PASI 0.01 (0.91) 0.4
Serum uric acid �0.14 (0.21) �0.12
ESR (mm/1st h) 0.35 (0.002) 0.54
CRP 0.17 (0.14) 0.4
Hemoglobin (g/dl) �0.38 (0.001) 0.12
TLC (103/ll) 0.02 (0.88) 0.17
Platelets (103/ll) 0–0.2 (0.08) 0.05
Swollen joint count 0.26 (0.02) 0.34
Tender joint count 0.26 (0.02) 0.33
Mss 0.37 (0.001) 0.55

RF: rheumatoid factor; ACPA: anti-citrullinated protein/peptide antibodies; PsA: psoria
sedimentation rate; CRP: C-reactive protein; TLC: total leukocyte count, Mss: modified
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cally during the disease course, result in significant individual vari-
ability in the cellular effects [31].

When compared to PsA, ACPAs have received most attention in
RA research as it can appear many years before clinical symptoms
appear. However, whether and how ACPAs causes arthritis is still
unknown. A monoclonal antibody targeting citrullinated C1 was
found to cross-react with several non-citrullinated epitopes caus-
ing cartilage proteoglycan depletion and severe arthritis in mice.
Overall, a molecular mechanism has been identified for how ACPAs
causes arthritis [32].The most difficult barrier to demonstrate a
direct pathogenic effect of ACPAs on arthritis induction has been
and continues to be the failure to induce disease via passive trans-
fer of antibodies [31]. Intriguingly, ACPAs do not cause arthritis on
their own; however, they may exacerbate pre-existing joint
inflammation. As a result, when combined with a submaximal dose
of anti-collagen antibodies, transfer of monoclonal antibodies
specific to citrullinated fibrinogen was able to induce arthritis [33].

The ACPAs play a role in the onset of joint inflammation, with
three possible explanations: ACPAs bind to citrullinated proteins
on osteoclasts, accelerating bone destruction and leading to joint
inflammation. [34,35]; ACPAs have the potential to be pathogenic;
however, higher levels are required to generate more pathogenic
immune complexes [30] and the specificity of the ACPAs needs
to be shifted into cross-reactivity to joint proteins [34].
Nonetheless, ACPAs bind to and modulate a wide range of cellular
targets implying that these autoantibodies may play a role in trig-
gering pathogenic pathways and providing clues to their mecha-
nisms of action [31]. Smoking could trigger immune activation in
the lungs, leading to the production of RF and ACPAs, as well as
the formation of germinal center-like structures in seropositive
individuals who have not yet developed joint inflammation or in
patients with a recent onset of seropositive RA [36]. ACPAs’ patho-
genic roles in RA have previously been established; however, more
research is required to elucidate the precise pathogenic roles and
links to erosive changes in PsA and possible induction of subclini-
cal synovitis in patients with cutaneous psoriasis. Ordering RF and/
or ACPAs in patients with established PsA and typical psoriatic skin
plaques will not add clinical value during routine practice, neither
diagnostically nor prognostically, rendering both assays in PsA
clinically irrelevant.

In conclusion, PsA patients have a higher frequency of RF and
ACPAs positivity when compared to patients with psoriasis only.
ACPAs significantly correlated with inflammatory markers of
inflammation, swollen joint count, and erosive changes in PsA
ibodies (ACPA) titers in psoriatic arthritis and psoriasis only patients with other

PSO (n = 47)

RF titer ACPA titer

(0.02) 0.2 (0.19) 0.01 (0.96)
(0.48) �0.3 (0.04) 0.04 (0.8)
(0.17) �0.26 (0.08) �0.06 (0.71)
(0.42) NA NA
(<0.001) 0.01 (0.94) �0.09 (0.56)
0.28 0.07 (0.67) �0.25 (0.09)
(<0.001) 0.37 (0.01) �0.02 (0.92)
(<0.001) 0.33 (0.02) 0.32 (0.03)
(0.29) 0.24 (0.14) 0.02 (0.93)
(0.14) 0.15 (0.38) �0.18 (0.29)
(0.68) �0.11 (0.52) �0.05 (0.76)
(0.002) NA NA
(0.003) NA NA
(<0.001) NA NA

tic arthritis; PSO: psoriasis; PASI: psoriasis area severity index; ESR: erythrocyte
Steinbroker score. Bold values are significant at p < 0.05).



Table 3
Regression analysis modules for the estimation of relationships between rheumatoid factor (RF) and anti-citrullinated protein/peptide antibodies (ACPA) titers as a dependent
variables and important independent variables in psoriatic arthritis and psoriasis only patients.

Models Unstandardized Coefficients Standardized Coefficients p

B Std. Error b 0.21

In PsA
Constant: RF titer (l/ml) �36.9 28.8 0.47
Age (years) 0.47 0.65 0.08 0.06
Disease duration (months) �0.09 0.05 �0.21 0.14
Swollen joint count 2.71 1.81 0.17 0.85
PASI �0.14 0.72 �0.02 0.01
Mss 0.46 0.18 0.3 0.21
Constant: ACPA titer (l/ml) �415.2 151.5 0.008
Age (years) 1.07 3.43 0.03 0.76
Disease duration (months) 0.33 0.25 0.11 0.2
Swollen joint count 21.88 9.52 0.22 0.02
PASI 14.11 3.77 0.34 <0.001
Mss 4.33 0.93 0.43 <0.001

In PSO
Constant: RF titer (l/ml) 42.51 10.71 <0.0001
Age (years) �2.4 1.32 �1.24 0.08
Disease duration (months) 0.13 0.12 0.63 0.25
Age at onset (years) 1.19 1.22 0.64 0.33
PASI 0.41 0.33 0.15 0.22
ESR 1st hour (mm/h) 0.85 0.24 0.45 0.001
Constant: ACPA titer (l/ml) 2.8 7.86 0.72
Age (years) 0.68 0.97 0.64 0.48
Disease duration (months) �0.06 0.08 �0.55 0.45
Age at onset (years) �0.58 0.89 �0.56 0.52
PASI �0.17 0.24 �0.11 0.48
ESR 1st hour (mm/h) �0.08 0.18 �0.08 0.65

PsA: Psoriatic arthritis; PsA: Psoriatic arthritis; Mss: Mss: Modified Steinbroker score. ESR: erythrocyte sedimentation rate; PASI: Psoriasis Area Severity Index; RF:
rheumatoid factor; ACPA: anti-citrullinated protein/peptide antibodies. Bold values are significant at p < 0.05).
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patients. Both RF and ACPAs titers are linked to a symmetric
‘‘rheumatoid-like” PsA disease pattern.
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