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KEYWORDS ABSTRACT:
Introduction: Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by synovial

Rheul'n.atOId inflammation and joint destruction. Disease Activity Score-28 (DAS-28), Peptidyl Arginine Deiminase Type

Arthritis, IV (PADI4), and Anti-Cyclic Citrullinated Peptide (Anti-CCP) antibodies are crucial biomarkers in assessing

DAS-28, disease activity and severity.

Anti-CCP, .. . . . :
Objectives: This study aims to evaluate the correlation between DAS-28, PADI4 levels, and Anti-CCP

PADIA4, g . . . S . .

Di antibodies in RA patients and to determine their role in disease activity and progression.

1S€asc
Activity, Methods: A cross-sectional observational study was conducted among 196 RA patients and 132 Healthy
B individuals with any family history ,Clinical assessments were performed using DAS-28, and serological

markers, including Anti-CCP and PADI4 levels, were measured using ELISA. Statistical analysis was carried
out to evaluate the correlation between these parameters.

Results The mean age of participants was 43.1 + 12.91 years, (73.4%). The mean DAS-28 score was 4.19 +
1.92, with 45.4% having high disease activity. There was female predominant in the study population, 74%
of patients tested Anti-CCP positive, with a mean Anti-CCP level of 82.5 + 30.4 U/mL. The mean PADI4 level
was 6.8 £ 2.4 ng/mL. A strong positive correlation was observed between DAS-28 and Anti-CCP (r=0.62, p
<0.001) and a moderate correlation between DAS-28 and PADI4 (r=0.55, p <0.001).

Conclusions: The study confirms that higher Anti-CCP and PADI4 levels are associated with increased RA
disease activity, reinforcing their role as prognostic biomarkers. Future research should explore targeted
therapies against PADI4 to mitigate RA severity.
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1. Introduction

Rheumatoid arthritis (RA) is a long-term inflammatory
condition affecting joints, potentially leading to bone and
cartilage deterioration, as well as disability. Timely
identification of the disease is vital for optimal treatment
outcomes[1]. Both genetic and environmental elements
contribute to the onset of RA. Recent studies have
increasingly demonstrated the inheritability of risk
alleles at various genetic locations that may increase
susceptibility to RA.[2] This condition impacts
approximately 1% of the global population[3].

The PADI4 gene belongs to a family of genes encoding
enzymes that transform arginine into citrulline residues.
It may be involved in the development of granulocytes
and macrophages, contributing to inflammation and
immune responses.[4] PADI4 is also implicated in
epigenetics, as the deimination of arginines on histones 3
and 4 can counteract arginine methylation (Chromatin
modifications and their function, Kouzarides 2007, Cell,
review)[5]. PADI4/PAD4 was the first discovered
histone demethylase. While mammals have four peptidyl
arginine deiminase enzymes, only PADI4 is found in the
nucleus, suggesting its role as the initial histone arginine
demethylase (Klose and Zhang, 2007).

PADI4 removes arginine methylation through
deimination/demethylimiation, converting arginine or
methylarginine to citrulline (Anand and Marmorstein,
2007; Shi et al., 2004).[6]However, debate exists
regarding its classification as a true demethylase since
the process does not yield an unmodified residue.
Additionally, PADI4/PADI4 catalyses the deamination
reaction regardless of the substrate arginine's
methylation state (Shi et al., 2004).[7] PADI enzymes
transform peptidyl arginine into peptidyl citrulline via
post-translational ~ deamination. =~ A case-control
association study using single nucleotide polymorphisms
(SNPs) in a Japanese population identified a haplotype
linked to RA susceptibility in the PADI4 gene (Suzuki et
al., 2003; Utz et al., 2004). [8]

Analysis of mRNA stability revealed an association
between the PADI4 gene and RA in Korean, Japanese,
and German populations (Suzuki et al., 2003; Hoppe et
al., 2006; Kang et al., 2006)[9]. Anti-CCP antibodies are
considered a more reliable marker for RA, although their
relationship with disease severity remains unclear
(Onder et al 2009)[10].
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2. Objectives

This study focuses on examining the correlation between
DAS 28 (Disease Activity Score 28), PADI4 enzyme
(Peptidyl Arginine Deiminase Type IV), and Anti-CCP
antibodies in Rheumatoid Arthritis (RA) patients in
Telangana state.

3. Methods

This was a cross-sectional observational study
conducted at Chalmeda Anand Rao Institute of Medical
Sciences, Karimnagar Telangana, India, from March
2022 to October 2024. The study was approved by the
Institutional Ethics Committee, and written informed
consent was obtained from all participants prior to their
enrollment. Patients diagnosed with Rheumatoid
Arthritis (RA) based on the 2010 American College of
Rheumatology/European League Against Rheumatism
(ACR/EULAR) classification criteria were included.
Participants were recruited from outpatient and inpatient
departments of rheumatology at Chalmeda Anand Rao
Institute of Medical Sciences, Karimnagar Telangana.

For each patients details of Age, sex,
symptoms and duration of disease were obtained and
also examined number of swollen and tender joints in
this study we taken 196 patients who satisfied the revised
2010 American college of rheumatology (ACR) Criteria
for the classification of RA. A total of 132 Healthy
individuals of without any family history of RA Were
taken as (HC) Healthy control group, after following
inclusion and exclusion criteria given below.

Inclusion Criteria
e  Adults aged >18 years.

e Patients fulfilling the ACR/EULAR 2010
criteria for RA.

e  Willing to provide informed consent.
Exclusion Criteria

e Patients with other autoimmune or
inflammatory arthritis conditions.

e History of malignancy or chronic infections.
e Pregnant or lactating women.

e Patients on biological disease-modifying
antirheumatic drugs within the past six months.
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A total of 196 patients with RA were included in the
study. A purposive sampling technique was used to select
the participants.

Clinical Assessment
e Disease Activity Score-28 (DAS-28)

Disease activity was assessed using the DAS-28,
which includes:

e  Number of swollen joints (28 joints)
e Number of tender joints (28 joints)

e Patient global assessment (Visual Analog Scale
- VAS, 0-100 mm)

e Erythrocyte Sedimentation Rate (ESR) or C-
Reactive Protein (CRP) levels.

Disease activity categories were classified as:
e Remission: DAS-28 <2.6
e Low disease activity: DAS-28 2.6-3.2
e Moderate disease activity: DAS-28 3.2-5.1
e High disease activity: DAS-28 >5.1
Laboratory Investigations:
Rheumatoid Factor (RF) Estimation

Rheumatoid factor (RF) levels were measured
using an immunoturbidimetric assay. This method
employs latex-bound, heat-inactivated IgG as the
antigen, which interacts with RF antibodies present in the
serum. The formation of antigen—antibody complexes
leads to increased turbidity, which is measured
turbidimetrically. RF values above 14 IU/mL were
considered positive. Samples exceeding the assay's
linearity limit of 125 IU/mL were further diluted and
reanalyzed to determine the actual concentration

PADI4 Enzyme Estimation

Serum levels of Peptidyl Arginine Deiminase
4 (PADI4) were determined using a sandwich ELISA
technique, with the HUMAN PADI4 ELISA kit
(Wuhan Fine Biotech Co., Ltd., Hubei, China). The
reference values were as follows:

Normal range: 1.2-3.0 ng/mL
Median value: 3.5 ng/mL
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Interquartile range (IQR): 2.3—4.7 ng/mL

Anti-Cyclic Citrullinated Peptide (Anti-CCP)
Antibody Measurement

Serum levels of Anti-CCP antibodies were
measured using an enzyme-linked immunosorbent assay
(ELISA) kit (Manufacturer, City, Country). A cut-off
value of >20 U/mL was considered positive.

Erythrocyte Sedimentation Rate (ESR)

o ESR was determined using the Westergren
method.

o Detection of CRP:

o CRP was performed by particle enhanced
immunoturbidimetric = method.  Reference
interval of CRP is<5.0 mg/L and all values>5.0
mg/L were considered as positive. All samples
above the linearity limit of 225 mg/L. of CRP
were diluted to get the absolute value.

Statistical Analysis

Data were analyzed using SPSS version 25 (IBM, USA).
Descriptive statistics were presented as mean + standard
deviation (SD) for continuous variables and as
frequencies and percentages for categorical variables.
Pearson’s correlation coefficient was used to assess the
correlation between DAS-28, Anti-CCP antibodies, and
PADI4 levels. A p-value of <0.05 was considered
statistically significant.

4. Results

A total of 196 patients diagnosed with rheumatoid
arthritis (RA) and 132 healthy controls (HC) were
included in this study. Clinical and serological
parameters were analyzed to evaluate the correlation
between Disease Activity Score-28 (DAS-28), Peptidyl
Arginine Deiminase Type IV (PADI4), and Anti-Cyclic
Citrullinated Peptide (Anti-CCP) antibodies."

Table 1 : Baseline Characteristics of study population

Parameter Mean = SD & (%)
AGE (mean* SD) years 43.1£12.91
Gender Distribution

(Male/Female) 52/ 144
Disease Duration (mean+ SD ) 4.87+4.86
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RA Factor Positive(%) 82.9

DAS 28 (mean+ SD) 4.19+1.92

The mean age of the patients was 48.6 = 12.4
years, indicating a middle-aged population. The study
had a predominance of females, with a male-to-female
ratio of 52:144.The mean DAS-28 score was 4.67 = 1.21,
suggesting that most patients had moderate to high
discase activity.

Table 2 : DAS-28 Score and Disease Activity

DAS-28 Score Frequency
High Disease Activity (DAS-28>5.1) 88(44.9%)
Moderate Disease Activity

67(34.2%)

(DAS-28 3.2-5.1)

Low Disease Activity

25(12.8%)
(DAS-28 2.6-3.2)

Remission (DAS-28 <2.6) 16(8.2%)

88 (44.9%) patients had high disease activity
(DAS-28 > 5.1). 67 (34.2%) patients had moderate
disease activity (DAS-28 3.2-5.1). 25(12.8%) patients
had low disease activity (DAS-28 2.6-3.2). 16 (8.2%)
patients were in remission (DAS-28 < 2.6)

Table 3 : Distribution of serological Markers among
study population

Serological Markers Values

Mean Anti-CCP Levels (U/mL) | 82.5+30.4 U/mL

Anti-CCP Positive Patients 145 (74%)

Mean PADI4 Levels (ng/mL) 6.8 £2.4 ng/mL

Mean Anti-CCP level was 82.5 + 30.4 U/mL,
145 (74%) patients tested positive for Anti-CCP
antibodies (>20 U/mL), confirming a high prevalence of
seropositivity in the studied RA population, mean PADI4
level was 6.8 + 2.4 ng/mL, indicating variability in
PADI4 expression among RA patients.
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RA Patients (n = 196) Healthy Controls (n = 132)
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Figure 1 : Serological Distribution in RA Patients
and Healthy Controls

This bar graph visually represents the
comparison between rheumatoid arthritis (RA) patients
and healthy controls based on the presence of specific
serological markers

Figure 2 : Correlation Analysis

DAS-28 vs Anti-CCP (r=0.62)

DAS-28 vs PADIY (r=0.55)

PADI vs Anti-CCP r = 0.48)
JEUS

i

A strong positive correlation was observed
between DAS-28 and Anti-CCP levels (r = 0.62, p <
0.001), suggesting that higher Anti-CCP levels are
associated with increased disease activity.A moderate
positive correlation was found between DAS-28 and
PADIA4 levels (r=0.55, p <0.001), indicating that PADI4
might contribute to disease severity. A significant
correlation was also noted between PADI4 and Anti-
CCP levels (r = 0.48, p < 0.001), suggesting a potential
mechanistic link between PADI4 enzyme activity and
Anti-CCP antibody production in RA.

5. Discussion

This study aimed to evaluate the correlation between
Disease Activity Score-28 (DAS-28), Peptidyl Arginine
Deiminase Type IV (PADI4), and Anti-Cyclic
Citrullinated Peptide (Anti-CCP) antibodies in
rheumatoid arthritis (RA) patients. The findings are
discussed in detail below.
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Demographic and Clinical Characteristics

The study included 196 RA patients with a mean age of
43.1 +12.91 years. The majority of patients were female
(n= 144, 73.4%), which aligns with the well-documented
female predominance in RA [11]. The mean disease
duration was 4.87 + 4.86 years, indicating an early to
moderately advanced stage of RA in most patients.
Similar demographic trends have been reported in studies
conducted in India and globally, confirming that RA
primarily affects middle-aged individuals,
predominantly women [12,13].

Disease Activity (DAS-28 Score Distribution)

The mean DAS-28 score in this study was 4.19 + 1.92,
with 45.4% of patients exhibiting high disease activity
(DAS-28 > 5.1), 34.2% with moderate disease activity
(DAS-28 3.2-5.1), 12.8% with low disease activity
(DAS-28 2.6-3.2), and only 7.6% in remission (DAS-28
<2.6). These findings are comparable to previous studies
in India and other regions where a significant proportion
of RA patients present with moderate to high disease
activity at diagnosis [14]. Higher disease activity in RA
disease activity associated with worse functional
outcomes and increased joint damage [15].

Serological Markers and Their Distribution
Anti-CCP Antibodies

In this study, the mean Anti-CCP level was 82.5 + 30.4
U/mL, with 74% of patients testing positive. The high
seropositivity aligns with findings from studies
conducted by Kroot et al. and Nishimura et al., where
Anti-CCP positivity ranged from 70-80% in RA patients
[16,17]. Anti-CCP antibodies are well-recognized as a
highly specific marker for RA and are strongly
associated with disease severity and progression [18].

PADI4 Levels

The mean PADI4 level in this study was 6.8 + 2.4 ng/mL.
Elevated PADI4 levels have been implicated in the
pathogenesis of RA due to their role in citrullination,
leading to the generation of autoantigens that trigger the
immune response in RA [19]. Previous studies have
shown that genetic polymorphisms in PADI4 are
associated with RA susceptibility, particularly in Asian
populations [20].
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Correlation Analysis
DAS-28 and Anti-CCP Levels

A strong positive correlation (r = 0.62, p < 0.001) was
observed between DAS-28 and Anti-CCP levels,
indicating that higher Anti-CCP levels were associated
with increased disease activity. Similar correlations have
been reported in studies by Forslind et al. and van der
Helm-van Mil et al., emphasizing that Anti-CCP-positive
patients exhibit more aggressive disease progression
[21,22].

DAS-28 and PADI4 Levels

A moderate positive correlation (r =0.55, p <0.001) was
found between DAS-28 and PADI4 levels, suggesting
that PADI4 contributes to disease severity. A study by
Suzuki et al. also reported an association between
increased PADI4 expression and higher RA disease
activity, supporting our findings [23].

PADI4 and Anti-CCP Levels

A significant correlation (r = 0.48, p < 0.001) was noted
between PADI4 and Anti-CCP levels. This suggests a
mechanistic link between PADI4 enzyme activity and the
production of Anti-CCP antibodies, supporting the
hypothesis that PADI4-mediated citrullination plays a
role in RA pathogenesis [24].

Our study’s findings are consistent with multiple
previous studies assessing the role of Anti-CCP and
PADI4 in RA. A meta-analysis by Liu et al
demonstrated that PADI4 polymorphisms were
significantly associated with RA in East Asian
populations, emphasizing the genetic basis of PADI4
involvement in RA [25]. Furthermore, studies by
Verpoort. et al. highlighted that Anti-CCP positivity
strongly correlates with disease severity and erosive joint
damage, further supporting our results [26].

This study highlights the strong correlation
between DAS-28, Anti-CCP, and PADI4 levels in
rheumatoid arthritis (RA) patients. The majority of
patients had moderate to high disease activity, with 74%
testing Anti-CCP positive and elevated PADI4 levels
suggesting its role in disease severity. Strong correlations
between DAS-28 and Anti-CCP (r = 0.62), DAS-28 and
PADI4 (r = 0.55), and PADI4 and Anti-CCP (r = 0.48)
confirm their interrelated role in RA pathogenesis. These
findings emphasize the importance of Anti-CCP and
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PADI4 as biomarkers for disease monitoring and the
potential for targeted therapeutic strategies in RA
management. Further research with larger cohorts is
recommended.

Further longitudinal studies with larger cohorts
are required to validate these findings and explore the
therapeutic potential of targeting PADI4 in RA
management.  Understanding the genetic and
environmental factors influencing PADI4 expression and
Anti-CCP antibody production may pave the way for
personalized treatment approaches in RA.
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