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Abstract---Objective: To evaluate the efficacy of anti-CCP3 as a
diagnostic marker in Egyptian early rheumatoid arthritis patients.
Subjects and Methods: A total of 60 rheumatoid arthritis patients and
30 aged and sex matched volunteers participated in the study. Basic
demographic, functional and clinical data were collected alongside
laboratory assessment of Anti-cyclic citrullinated peptide 3 (Anti-
CCP3) by ELISA. Results: Anti-CCP3 level was significantly higher in
RA patients compared to controls (p 0.001) .At cut off value 20.65
(U/mL) and AUC 0.950, Anti-CCP 3 could significantly distinguish
between RA patients and controls (p 0.001) .The sensitivity and
specificity were 83.33%, and 93.33% respectively. Also, Anti-CCP 3
levels significantly correlated with the number of swollen and tender
joints (P 0.05), VAS (P 0.05), DAS-28 (P 0.05), m HAQ (P 0.001), bone
erosions (P 0.001), and narrow joint space (P 0.001). Conclusion: Anti-
CCP3 is a potent diagnostic as well as prognostic laboratory marker
and its positivity resulted in more specific identification of RA
patients. Moreover, anti-CCP3 is considered the most acceptable
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choice for diagnosing early rheumatoid arthritis especially sero-
negative type, with 83.33% sensitivity and 93.33% specificity.

Keywords---anti-cyclic citrullinated, peptide antibodies, rheumatoid
arthritis, diagnostic biomarker, ACPA.

Introduction

Up to 1.0% of the general population is afflicted by rheumatoid arthritis (RA), a
chronic inflammatory illness that causes pain, inflammation, and joint damage.
Early RA diagnosis and treatment are essential since they can stop the disease's
development and permanent joint damage. [l The efficacy of the -citrulline-
containing epitope is increased by switching from filaggrin, which was utilized in
the first generation anti-CCP test, to peptides specifically developed (mimotypes)
to detect ACPA in the second and third generations of anti-CCP antibody tests. [
So, the purpose of this study is to evaluate the efficacy of anti-CCP3 as a
diagnostic marker in Egyptian early rheumatoid arthritis patients.

Subjects and Methods
Study design & participants

This observational study was conducted on 60 early RA patients diagnosed
according to the ACR/EULAR 2010 criteria for diagnosis of rheumatoid arthritis.
Bl In addition, 30 volunteers who were of similar age and sex served as the control
group. All subjects were chosen from Tanta University Hospitals' Rheumatology,
Rehabilitation & Physical Medicine Department outpatient clinics. Any Patient
with other connective tissue diseases or rheumatic conditions was excluded.

Methods
All participants were subjected to the following assessment:

e Complete clinical assessment: including Complete history taking, general
and locomotor systems examination.

e Disease Activity Score (DAS28): [4 this tool can assess the degree of
disease activity in 28 joints at a certain point in time. Clinical remission is
attained when a patient's DAS28 score drops below 2.6. A DAS28 over 5.1
denotes high disease activity, below 3.2 denotes low disease activity,
between 3.2 and 5.1 denotes moderate disease activity, and below 3.2
denotes low disease activity .

e Assessment of function : Using the Modified Health Assessment
Questionnaire (MHAQ), 51 A functional assessment tool, that examines the
response as well as accurately describes the patient's typical skills over the
course of the previous week and measures also the disease-related
impairment, discomfort, and quality of life in RA patients. The outcome
should range from 0.0 to 3.0. A score between 0.3 and 1.3 denotes a minor
functional loss, 1.3 to 1.8 a moderate functional loss, etc. When a patient's
score increased by 1.8, high functional loss was found.
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e Laboratory assessment: including Complete blood count (CBC), [0
erythrocyte sedimentation rates (ESR), [l c-reactive protein (CRP), [
Rheumatoid factor (RF) titer, [8 kidney and liver functions tests, [ anti-
cyclic citrullinated peptide (Anti-CCP). [10]

e Anti-cyclic citrullinated peptide 3 (Anti-CCP3) : it was assessed using
the Front Biosci (Elite Ed. USA) kit using the enzyme linked immunosorbent
assay (ELISA) method. Each participant provided 2 ml of venous blood, and
the specimens were kept at -20°C for a longer period of time before the
assay to prevent the loss of bioactive human Anti-CCP3. [11]

e Radiological assessment: utilizing plain x-rays of the hands and feet to
look for bone erosions and narrowing of joint spaces (Ratingen score).[12]

The approval for conducting this work was taken from the Local Ethics Committee
at Faculty of Medicine ,Tanta University and was carried out in compliance with
the Declaration of Helsinki. Before receiving their signed informed consents to
take part in this study, RA patients and controls were informed about all utilized
tests.

Statistical Analysis

Statistical Package for Social Science ( SPSS )version 19 was used to conduct the
study. The results were shown as a mean and standard deviation. The Mann-
Whitney U test was used to compare quantitative data that is not regularly
distributed, while the Student t test was used to evaluate quantitative data that is
normally distributed. The number and percent distributions for qualitative data
were computed. Additionally, the Chi-square test was applied to compare
qualitative data. Additionally, to examine the relationship between two variables,
Pearson's correlation coefficient (r) was determined. It was created a receiver
operating characteristic (ROC) curve. The area under the curve (AUC), sensitivity,
specificity, positive and negative predictive values (PPV and NPV), and cutoff value
were provided. P-values (probability values) below 0.05 were regarded as
statistically significant.

Results

There were 60 RA patients, with a mean age of (43.83 + 8.78) years, a mean
disease duration of (1.30 + 0.96), 48 females and 12 men (F:M 4:1), the majority
of whom were active, and a mean DAS28 of (4.34 + 1.04). 10 (16.66%), 10
(16.66%), and 40 (66.67%) of the patients had moderate disease activity, low
disease activity, and high disease activity, respectively. The majority of patients
(26.7%) were receiving methotrexate and leflunomide combination therapy, which
was administered to almost all patients who were taking conventional DMARDs.
Table 1 displays the demographic and clinical traits of our patients. At cut off
value 20.65 (U/mL) and AUC 0.950, Anti-CCP 3 could significantly distinguish
between RA patients and controls (p 0.001) . Anti-CCP 3 was detected with a
sensitivity and specificity of 83.33% and 93.33%, respectively, in patients
compared to controls (p 0.001). Fig. 1, Table 2,3. Furthermore, in our study, we
found a significant positive correlation between anti CCP 3 and tender joints
count (r 0.476, P 0.007), swollen joints count (r 0.412, P 0.024), VAS (r 0.684, P
0.001), DAS-28 (r 0.467, P 0.009), mHAQ (r 0.569, p 0.001), ESR (r 0.517, P
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<0.001), RF (r 0.478, P 0.007), Bone erosions (r 0.623 , P <0.001), and narrow
joint space (r 0.581, p <0.001) was reported in our study . Table 4

Discussion

Even though the majority of RA diagnoses are based on a clinical basis, a number
of disease-specific markers are of great additional value ir its early detection. [13]
Recently, antibodies against variety of citrullinated peptides, including anti-cyclic
citrullinated peptide (anti-CCP), are firmly established as sensitive as well as
specific diagnostic and prognostic markers for detection of RA. 14 Thirty age- and
sex-matched apparently healthy volunteers served as controls in addition to the
sixty rheumatoid arthritis patients who were recruited for our study. All subjects
underwent thorough history taking & clinical examinations, as well as laboratory
evaluation (CBC, ESR, CRP, and RF, renal and liver function tests, anti-CCP and
anti-CCP3).

The results of the current study showed that there was no statistically significant
difference in age or gender between RA patients and controls (P 0.17). These
results are consistent with those of Vos et al., 151 who studied 127 RA patients to
evaluate the performance of anti-CCP2 with anti-CCP 3 as a diagnostic marker as
well as the two tests combined. Their findings showed that neither age nor gender
between the RA and control groups differed significantly. Recently, distinct
diagnostic and prognostic biomarkers for RA have been shown to be anti-
citrullinated protein antibodies. [16l. Likewise, the outcomes of the existing study
revealed that anti-CCP levels in the RA patients were considerably greater than in
the controls (P 0.001). These results are in line with those of Mutlu et al., 17l who
reported the greatest anti-CCP positive ratio (88.5% for early and 77.6% for
established RA)in comparison to controls. The results of Mutlu et al.'s study, 17
which found that anti-CCP had moderate diagnostic performance at a 16 U/ml
cutoff with a sensitivity value of 57% and specificity of 92.9%, were slightly
different from our findings in that they were observed at a cutoff value of
134U /mL, where the sensitivity and specificity were observed to be 76.67% and
87%, respectively (P 0.001).

The local action of peptidyl arginine deiminases (PAD) on peptide residues that
induces citrullination may help to explain the high specificity of anti-CCP
antibodies in RA patients. There are at least five genetically distinct kinds of PAD,
and monocytes and macrophages from inflamed synovium have been reported to
have the PAD2 and PAD4 isotypes. It was believed that during rheumatic
synovitis, PAD is released into the extracellular space, causing local citrullination
of arginine residues in a number of proteins (vimentin, fibrinogen & fibrin ,
keratin, fibronectin).[!8] Depending on the current study, anti-CCP3 levels in RA
patients were found to be considerably greater than in controls (p 0.001). This is
consistent with Vos et al.'s finding [15] that the anti-CCP3 level in the RA group
was noticeably higher than in the control group. Additionally, similar findings
were reported by Mutlu et al. 171 who found that anti-CCP3 statistically more
significant in RA patients than in the control group. This may be explained by the
anti-CCP3 ELISA test's greater sensitivity, which is due to the presence of a
particular peptide with several citrullinated epitopes exhibited in a conformational
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structure to maximize epitope exposure and hence immunoreactivity, especially
for early RA. [19]

In addition, simultaneous testing of the IgG and IgA anti-CCP isotypes is of
considerably greater utility and may boost the sensitivity of RA detection. [16] One
of our study’s most notable outcomes is the diagnostic capability of anti-CCP3 for
rheumatoid arthritis. Anti-CCP3 demonstrated a great sensitivity and specificity
in individuals with early rheumatoid arthritis (83.33 % and 93.33 %, respectively)
at a cutoff value of 20.65 U/mL. Vos et al. [151 evaluated the diagnostic
performance of the anti-CCP3 in patients with RA and reported that the
sensitivity for anti-CCP3 was 79.4%, while the specificity was 61.0%. Our results
are consistent with their findings. The anti-CCP3 has also been evaluated by
Santiago et al., [16] and Wu et al., [17l who discovered that it is both more sensitive
and more specific than CCP2. Additionally, Anjos et al., 20 observed that although
CCP2 and CCP3 both had good diagnostic performance and the same specificity,
CCP3 was 4.3% more sensitive than CCP2 in their investigation of 70 RA patients
from Southern Brazil.

Nevertheless, other authors have noted that anti CCP2 and CCP3 assays function
fairly similarly in terms of diagnosis 24). The anti-CCP3 epitope diversity idea may
be able to explain this. Patients in the pre-diagnostic period have antibodies to
only one or a very small number of epitopes, and the titer of anti-CCP3 is
connected with the epitope spreading in early RA. Anti-citrullinated protein
antibodies (ACPA) assay performance features have been shown to be most
strongly influenced by the epitope . 25 Interestingly, the present study exhibited
also that there was a positive significant correlation between anti-CCP3 and count
of swollen & tender joints , as well as the VAS, DAS-28, mHAQ, ESR, CRP, RF,
bone erosions, and narrow joint space. However, Sockalingam, et al. 2% did not
discover a relationship between anti-CCP levels and the number of painful or
swollen joints in their study. Additionally, no association between anti-CCP
antibody levels and ESR or CRP was identified (p value > 0.05). Although, they did
discover that anti-CCP levels significantly correlated with rheumatoid factor.

In addition, Onder, et al. 27) observed that anti-CCP positive was not associated
with disease duration, VAS, HAQ, ESR, CRP, or haemoglobin, but was associated
with higher DAS-28 scores, serum RF positivity, and longer duration of morning
stiffness. Aside from RF titers, Shah B.G. et al. 28 discovered no correlation
between serum anti-CCP antibodies and DAS-28 or any other parameters of
disease activity. Our results closely matched those of Vanichapuntu, et al. 29,
who discovered that anti-CCP levels significantly correlated with various
inflammation-related parameters but not with DAS 28. Yee et al. 0. 31) also
conducted a study to assess the relationship between joint erosions in RA
patients and antibodies against carbamylated antigens and anti-CCP3 antibodies.
Their findings revealed a substantial positive correlation between anti-CCP3 and
joint space narrowing and bone erosions. Additionally, Chen et al. 82 found a
strong association between RF and anti-CCP3 in RA patients in a recent study to
identify citrullinated antigens for early detection of RA patients.

Moreover, numerous studies have demonstrated that early RA patients who test
positive for anti-CCP3 may experience a more erosive course of the illness (3.
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This has been supported by other researchers' investigations, which also claim
that anti-CCP3 is a better predictor of an erosive illness course than IgM RF.
These results demonstrate that anti-CCP is an independent predictor of
radiological damage and illness progression. (4. Consequently , elevated levels of
acute phase reactants, bone erosion, and radiological abnormalities are all closely
correlated with elevated levels of anti-CCP3. Hence, it might serve as a prognostic
indicator in people with early RA.

Conclusion

Anti-CCP3 is a potent prognostic and diagnostic indicator, and the most accurate
early detection of RA patients was made possible by its positivity. With 83.33%
sensitivity and 93.33% specificity, it is regarded as the most reliable option for
diagnosing rheumatoid arthritis, especially the sero-negative type. To obtain more
conclusive findings about the unique diagnostic and prognostic performance of
anti-CCP3, longer, multicenter prospective studies are necessary. Additionally,
more research is required to determine whether anti-CCP3 can be used as a
screening test for families of RA patients to identify disease susceptibility.
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Table 1
Demographic & Clinical characteristics of the RA patients

Variables Range Mean + S.D.
Age(years) 25-60 43.83 + 8.78
Duration of disease 1-2.5 130409
(years)
Number of tender Joints 0-20 3.27 £ 4.52
Number of swollen Joints 0-20 1.67 £ 3.72
VAS 30-87
(1-100) mm 52.83 £ 14.76
DAS 28 2.6-7.87 4.34 +1.04
mHAQ 0.1-2.2 1.15 %+ 0.59
Morning stiffness(min.) 30-120 54.50 = 19.49
VAS: Visual analog scale, DAS-28: Disease activity score-28, mHAQ: Modified

health assessment questionnaire, RA: Rheumatoid arthritis.



Table 2

Anti-CCP3 levels in RA patients and controls
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Mann
Range Median - IQR Whitney | p. value
Z
Anti Patients | 18.52-29.52 23.49-5.19
CCP 3 -4.87 <0.001*
(U/mL) Controls | 14.29-22.63 17.64-1.86

RA: Rheumatoid arthritis, Anti-CCP 3: Anti-cyclic citrullinated peptides 3rd
generation, *Statistically significant as P <0.05
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Figure 1. ROC curve of anti-CCP 3 in RA patients

Table 3
Sensitivity and specificity of anti-CCP 3 in RA patients

Anti CCP 3 Patients Controls Total
Negative N 4 26 30
g % 6.67 86.67 33.33
Positive N 56 4 60
% 93.33 13.33 66.67
N 60 30 90
Total % 100 100 100
. X2 25.31
Chi-square P-value <0.001*
Cut-off Sensitivity Specificity PPV NPV Accuracy
20.65 83.33 93.33 96.2 73.7 88.33

RA: Rheumatoid arthritis, Anti-CCP 3: Anti-cyclic citrullinated peptides 3rd

generation, PPV :Positive predictive value

*Statistically significant as P <0.05

,NPV :Negative predictive value,
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Correlation between demographic data (age), clinical, laboratory, radiological data
versus anti-CCP3

Table 4

Anti CCP 3

Variables r p-value
Age(years) 0.143 0.349

Duration of disease (years) 0.03 0.88

Number of tender Joints 0.476 0.007*
Number of swollen Joints 0.412 0.024*
VAS (1-100) 0.684 <0.001*
DAS-28 0.467 0.009*
mHAQ 0.569 0.001*
ESR (mm/h) 0.517 <0.001*
CRP 0.496 0.005*
RF 0.478 0.007*
Bone erosions 0.623 <0.001*
Narrow joint space 0.581 <0.001*

Anti-CCP 3: Anti-cyclic citrullinated peptides 3t generation, VAS: Visual analog
scale, DAS-28: Disease activity score-28, mHAQ: Modified health assessment
questionnaire, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, RF:

Rheumatoid factor, *Statistically significant as P <0.05




