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Abstract: Rheumatoid arthritis (RA) is an autoimmune disease mainly characterized by joint inflam-
mation. It presents extra-articular manifestations, with the lungs being one of the affected areas.
Among these, damage to the pulmonary interstitium (Interstitial Lung Disease—ILD) has been linked
to proteins involved in the inflammatory process and related to extracellular matrix deposition and
lung fibrosis establishment. Peptidyl arginine deiminase enzymes (PAD), which carry out protein
citrullination, play a role in this context. A genetic association analysis was conducted on genes
encoding two PAD isoforms: PAD2 and PAD4. This analysis also included ancestry informative
markers and protein level determination in samples from patients with RA, RA-associated ILD, and
clinically healthy controls. Significant single nucleotide variants (SNV) and one haplotype were
identified as susceptibility factors for RA-ILD development. Elevated levels of PAD4 were found
in RA-ILD cases, while PADI2 showed an association with RA susceptibility. This work presents
data obtained from previously published research. Population variability has been noticed in genetic
association studies. We present data for 14 SNVs that show geographical and genetic variation across
the Mexican population, which provides highly informative content and greater intrapopulation
genetic diversity. Further investigations in the field should be considered in addition to AIMs. The
data presented in this study were analyzed in association with SNV genotypes in PADI2 and PADI4 to
assess susceptibility to ILD in RA, as well as with changes in PAD2 and PAD4 protein levels according
to carrier genotype, in addition to the use of covariates such as ancestry markers.

Dataset: DOI 10.3390/cells12182235 (published manuscript.). The datasets generated for this study
can be found in ClinVar accessions SCV001422427–SCV001422434.

Dataset License: Attribution 4.0 International (CC BY 4.0)
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1. Summary

This work presents data obtained from previously published research [1]. Rheumatoid
arthritis (RA) is an autoimmune disease that is primarily inflammatory, affecting the
joints [2,3]. Extra-articular manifestations of the disease have been described, including
damage to the lung interstitium (interstitial lung disease, ILD) [4].

Regarding factors associated with developing both diseases (RA and RA-ILD), smok-
ing has been described as one of the main risk factors, in addition to genetic predisposition
and occupational and environmental factors [5,6]. These exposures and predisposing fac-
tors alter the pulmonary environment, initially causing inflammation in both the lung and
the joint [7].

In the inflammatory process, several interleukins, such as IL-6 [8], IL-1β [9], and TNF-
α [10], have been proposed as possible biomarkers. One of the markers used with high
sensitivity and specificity for RA is anti-citrullinated peptide antibodies (ACPA). However,
in the presence of ILD, there is usually no change in positivity or levels to indicate a worse
prognosis [11]. ACPA are antibodies that recognize citrullinated proteins; this process is
carried out by peptidyl arginine deiminases (PAD) [12,13].

It has been linked to the involvement of proteins participating in the inflammatory
process and associated with extracellular matrix deposition and fibrosis establishment in
the lungs, such as PAD enzymes [14]. The most abundant isoforms in the lung are PAD2
and PAD4 [15,16].

Multiple SNVs in genes encoding PAD enzymes have been described in different
populations, such as rs1748033 in PADI4, which has been associated with susceptibility
to RA in Japanese [17,18], Korean [19], Indian [20,21], Iranian [22], and Netherlands [23]
populations, as well as altered PAD4 protein levels, which correlate with the presence of anti-
citrullinated peptide antibodies and levels of inflammatory proteins such as rheumatoid
factor and C-reactive protein [11,24].

The prevalence of musculoskeletal ”Ise’ses in Mexico has been reported to vary by
geographic location [25], leading to an analysis of private markers within the Mexican
population obtained by Silva et al. in 2009 [26]. Therefore, exposure to biomass burning
smoke, smoking, PAD2 and PAD4 protein levels, SNVs in the genes encoding these en-
zymes, and ancestry markers were assessed in the Mexican population in groups of patients
with interstitial lung disease, rheumatoid arthritis, and individuals without the disease.

2. Data Description

The data obtained in each analysis are presented and described in the tables and figures.

2.1. Study Groups

The included groups consisted of patients with rheumatoid arthritis (RA group), RA
associated with interstitial lung disease (RA-ILD group), as well as a group of clinically
healthy subjects (CHS group). These groups are displayed in the result tables.

2.2. Genotyping

Table 1 displays the analysis variable at the top of each column, including the gene,
the SNV with their respective genotypes or alleles, and the patient or control group. The
rows represent the frequency in percentage.

In Figure 1, diamond plots depict haplotype blocks identified in PADI2 and PADI4
within the Mexican mestizo population. The diamonds, connected by lines to form a block,
represent a haplotype. At the top of the graph, you can see the seven SNVs, with each
diamond symbolizing the linkage between these loci. Diamonds with a deeper shade of red
indicate a higher degree of linkage disequilibrium, while lighter diamonds suggest a lower
degree of linkage disequilibrium. The diamonds also display the linkage disequilibrium as
‘r’ (Pearson’s Correlation Coefficient).
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Table 1. Analysis of genotypes and alleles of SNV in PADI2 and PADI4.

RA-ILD (n = 118) RA (n = 133) CHS (n = 616)

Gene Genotype or Allele F% F% F%

PADI2

rs2057094
GG 35.59 40.54 43.67
GA 23.73 22.52 30.19
AA 40.68 36.94 26.14
G 47.46 51.8 58.77
A 52.54 48.2 41.23

rs2076615
AA 46.09 42.73 30.86
AC 50.43 53.64 63.86
CC 03.48 03.64 05.28
A 71.30 69.55 62.79
C 28.70 30.45 37.21

rs1005753
TT 48.72 63.06 46.72
TG 44.44 35.14 44.10
GG 06.84 01.80 09.18
T 70.94 80.63 68.77
G 29.06 19.37 31.23

PADI4

rs11203366
GG 21.55 35.96 30.50
GA 52.59 50.00 47.00
AA 25.86 14.04 20.90
G 47.84 60.96 54.85
A 52.16 39.04 45.14

rs11203367
TT 22.52 36.52 29.70
TC 59.46 51.30 48.30
CC 18.02 12.17 20.60
T 52.25 62.17 54.60
C 47.75 37.83 45.40

rs1748033
CC 16.38 14.91 25.10
CT 50.00 51.57 49.80
TT 33.62 33.33 23.80
C 41.38 40.79 50.66
T 58.62 59.21 49.34

rs874881
CC 23.28 44.62 24.70
CG 59.48 42.31 51.50
GG 17.24 13.08 22.90
C 53.03 65.77 50.90
G 46.95 34.23 49.10

F%: Frequency in Percentage; RA-ILD: rheumatoid arthritis associated to interstitial lung disease group;
RA: rheumatoid arthritis group; CHS: clinically healthy subjects.

The haplotype analysis was conducted between all groups of patients with RA (with
and without ILD) and the group of individuals without the diseases (Figure 1a), as well as
within RA-ILD patients vs. RA patients (Figure 1b).

Table 2 displays the percentage frequencies of the haplotypes identified in PADI4
(rs11203366-rs11203367-rs1748033-rs874881) within the patient populations of RA-ILD, RA
and the group of individuals without the diseases (clinically healthy subjects-CHS), as
shown in Figure 1a,b.
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Figure 1. Haplotypes in PADI2 and PADI4. (a) All Rheumatoid Arthritis patients vs. CHS; (b) RA-ILD
vs. RA patients. The intensity of the red depends on the linkage disequilibrium; the more intense the
red, the greater the binding disequilibrium.

Table 2. Analysis of genotypes and alleles of SNV in PADI4.

PADI4 RA-ILD
(n = 118, HF%)

RA
(n = 133, HF%)

CHS
(n = 616, HF%)

Haplotype HF (%) HF (%) HF (%)

GTTC 39.80 47.40 35.10
ACCG 37.70 32.20 30.80
GTCG 5.00 9.90 13.10
ACTC 7.20 2.90 10.60
GTCC 2.40 1.40 4.00
ATTC 2.30 2.50 1.10
GCCG 2.00 2.40 1.20

HF% = haplotype frequency in percentage.

2.3. AIMs

The genotyping of ancestry informative markers consists of 14 private SNVs between
chromosomes 1 and 13. These markers exhibit differential minor allele frequencies (MAF)
between the ZAP and CEU populations (taken as reference). Table 3 presents the results of
the minor allele frequency in the reference populations, and at the end of the table, you can
find the MAF for the study population (n = 867 individuals).

Table 3. AIMs polymorphisms used for the calculation of Eigenvectors.

Chr SNV ZAP
(n = 60)

CEU
(n = 120) D Study Group

(n = 867)
No. rs A1 A2 MAF A1 A2 MAF ∆ A1 A2 MAF

1 rs4528122 T C 0.067 C T 0.142 0.792 T C 0.338
1 rs986690 G A 0.017 A G 0.25 0.733 G A 0.347
4 rs10516422 G A 0.283 G A 0.017 0.267 G A 0.234
5 rs10515716 T C 0.267 C T 0.208 0.525 T C 0.432
6 rs1878071 A C 0.317 C A 0.217 0.467 A C 0.49
9 rs4084051 T C 0.25 C T 0.175 0.575 T C 0.483
9 rs7853112 C A 0.25 A C 0.35 0.4 C A 0.395
9 rs10511491 C T 0.25 T C 0.391 0.358 C T 0.358
9 rs1039336 A G 0.133 G A 0.242 0.625 G A 0.433
9 rs10116714 A G 0.183 G A 0.05 0.767 A G 0.449
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Table 3. Cont.

Chr SNV ZAP
(n = 60)

CEU
(n = 120) D Study Group

(n = 867)
9 rs1980888 G A 0.033 A G 0.1 0.866 G A 0.411
9 rs4743556 C T 0.172 T C 0.167 0.661 T C 0.486

12 rs6487927 C T 0.033 C T 0.475 0.442 C T 0.275
13 rs2147155 0 T 0 G T 0.5 0.5 G T 0.15

ZAP: Zapotecs, CEU: Utah Residents with Northern and Western European Ancestry, MAF: Minor Allele Fre-
quency, A: allele1 and 2. D: delta value obtained between MAF in CEU and MAF in ZAP populations.

The assessment of genetic distances between the study groups was carried out using
the 14 SNVs presented in Table 3. To do this, we conducted a group comparison analysis,
and the results of the FST index, along with their corresponding p-values, are shown in
Table 4 for the comparisons between the respective row and column.

Table 4. Estimated pairwise comparison of FST index in study groups.

Study Group RA-ILD RA
RA 0.32 (0.578) -

CHS 0.34 (0.853) 0.24 (0.043)
RA: Rheumatoid Arthritis; RA-ILD: RA associated with Interstitial lung disease; CHS: clinically healthy subjects.
The FST index (p-value) is shown.

2.4. Eigenvectors PCA

Figure 2 displays a Principal Component Analysis (PCA) where the CEU and ZAP
populations are taken as reference groups. In this analysis, the control group consists of
clinically healthy individuals from the CHS group, and the case group includes all patients
from the RA and RA-ILD groups. The first two vectors are shown, collectively providing
more than 85% of the information within the population.
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Figure 2. Principal component analysis, populations included in this study; the case group comprises
patients with RA-ILD and with only RA (orange square), the control group (blue asterisk), and the
reference populations CEU (plus purple symbol) and ZAP (green cross).
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2.5. Exposures and Protein PAD2 and PAD4 Levels

In Figure 3a, the serum levels of PAD4 protein are displayed, and in Figure 3b, the
PAD2 protein levels are shown for the three study groups. Each symbol (circle, triangle,
and black square) represents an individual in whom the protein was measured.
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Figure 3. Protein levels determined in serum within the three study groups: (a) PAD4 protein levels,
(b) PAD2 protein levels. Each circle, triangle, or square represents an individual. CHS: clinically
healthy individuals, RA: rheumatoid arthritis, RA-ILD: rheumatoid arthritis associated with intersti-
tial lung disease. ****: Kruskal-Wallis, p = 3.7 × 10−6; ns: Kruskal-Wallis, p = 0.18.

Figure 4 displays the levels of PAD4 and PAD2 proteins according to exposure to
smoking (a and c) or biomass (b and d), which are the primary environmental factors
associated with the risk of both lung and joint diseases. In each figure, median values and
interquartile ranges are depicted using box-and-whisker plots. The classification is based
on smoking status or, in the case of exposure to biomass-burning smoke.
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levels in individuals exposed to biomass-burning smoke. (c) PAD2 protein levels in individuals
classified by smoking status. (d) PAD2 levels based on biomass status. ND—Data not available. The
dots outside the boxes and whiskers represent outliers.

2.6. Proteins in BAL Samples

Figure 5 presents the levels of PAD2 and PAD4 proteins, specifically measured in
patients diagnosed with RA-ILD who underwent bronchoscopy for diagnostic purposes.
Each square in the figure represents one sample from a patient.
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3. Methods

The genetic data analysis was conducted using Plink v1.07 [27]. A total of 23 SNVs
were assessed in 907 individuals, with the analysis divided into two parts: initially, 14 AIMs
were examined independently, followed by an investigation of 8 SNVs, including four from
PADI2 and four from PADI4, for genetic association analysis.

A quality control process was implemented for all polymorphisms to ensure data
quality. Individuals with more than 5% missing data, attributed to unsuccessful genotyp-
ing of SNVs, were excluded, resulting in the removal of 40 individuals. Additionally, a
marker-level evaluation of the Hardy–Weinberg equilibrium was performed, leading to the
exclusion of SNV rs2235926 in PADI2 (p = 8.9 × 10−24).

Ancestry markers were analyzed in Plink v1.07, utilizing CEU and ZAP as reference
populations, obtained from Phase 3 of the 1000 Genomes Project and the International
HapMap Project (websites: http://browser.1000genomes.org and https://ftp.ncbi.nlm.nih.
gov/hapmap, respectively; accessed 1 July 2021) [26,28]. The FST index was assessed in R
using the “Fine Pop” package, and distances among the three study groups were analyzed
within a matrix, calculating the global FST [29].

Protein levels were analyzed through non-parametric tests comparing the three groups.
Medians and interquartile ranges were assessed using the Kruskal–Wallis test, and these
statistics are presented in box-and-whisker plots for protein levels.

The graphs and statistical analyses of the protein and quantitative variables were car-
ried out in the R environment (v.4.3.1), using the packages “ggplot2”, “dplyr”, “tidyverse”,
“ggpubr” and “stats” [29].
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