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INTRODUCTION

Systemic  lupus
autoimmune

ABSTRACT

Background: Systemic lupus erythematosus (SLE) is an autoimmune disease with
pathogenesis involving immune complex deposition in various organs resulting in
inflammation and tissue damage. Lupus nephritis (LN) is a crucial clinical manifestation
of SLE. Immune complex deposition leads to neutrophil activation and death with
neutrophil extracellular traps (NETs) generation. NETs are formed of histones,
chromatin fibrils and antimicrobial peptides. Chronic NETs formation (NETosis)
aggravates inflammatory tissue and is believed to be dependent on histone citrullination.
Peptidylarginine deiminase-4 (PADI4) enzyme is essential for citrullination and highly
expressed by neutrophils. PADI4 functionality and expression might be influenced by
single-nucleotide polymorphisms (SNPs) in PADI4 gene. Objective: The aim of this work
is to study the possible association of PADI4 rs874881 and rs1635564 SNPs with SLE
and LN susceptibility in the Egyptian population. Methodology: this case control study
encompasses 102 SLE patients (including 52 LN patients) and 50 healthy controls, all
were subjected to genotyping analysis of PADI4 rs874881 and rs1635564 SNPs by Real-
Time Polymerase Chain Reaction (PCR) technique. Results: Concerning PADI4
rs874881 polymorphism, genotype and allele frequencies did not show any significant
differences between SLE patients and healthy controls (p=0.1 and 0.2 respectively), or
between SLE patients with or without LN (p= 0.1 and 0.9 respectively). Regarding
PADI4 rs1635564 there was no statistical significance between SLE patients and healthy
controls in distribution of genotypes or alleles (p=0.07 and 0.8 respectively), and the
same for SLE patients with or without LN with p=0.2 for both of them. Conclusion:
PADI4 gene polymorphisms rs874881 and rs1635564 did not show any association with
SLE or LN in our sample of Egyptian patients from Cairo.

erythematosus (SLE) is an
disease  with

and antimicrobial peptides released as part of the
neutrophil extracellular traps (NETS) generation during
activated neutrophils apoptosis process”.

Comp|ex pathogenesis Chronic NETs formation (NETOS|S) promotes

involving autoantibodies generation and immune
complex deposition in various organs resulting in
inflammation and organ tissue damage. This damage
can range from mild skin affection to damaged joints or
major organs affection reaching cardiovascular,
neuropsychiatric and respiratory systems'. Lupus
nephritis (LN) is one of the most prevalent and crucial
clinical manifestations of SLE? Tissue damage
mechanism of SLE and specially LN involve immune
complex deposition leading to both complement system
and neutrophils activation®. Immune complexes’
antigens extend to include histones, chromatin fibrils

inflammatory responses and autoimmunity resulting in
tissue damage®. NETosis is believed to be crucially
dependent on the citrullination of histone bodies, this is
the process of post-translational conversion of proteins’
positive arginine residues into neutral citrulline
residues®. Excessive citrullination was related to various
chronic inflammatory diseases including autoimmune
diseases such as multiple sclerosis’, rheumatoid arthritis
(RA)® and SLE®. Citrullination is catalysed by any of
the five isoforms of peptidylarginine deiminases
(PADIs), however PADI4 is the one considered to be in
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charge of NETosis, as it is the most abundant isoform in
neutrophils and the only one with nuclear access™.

PADI4 gene is located on chromosome 1p36.13 and
encodes  PADI4  enzyme'.  Single-nucleotide
polymorphisms (SNPs) in this gene were nominated to
influence the pathogenesis of autoimmune diseases and
inflammatory diseases for example osteoarthritis®?,
autoimmune thyroiditis*® and RA™. Rs874881 where C
allele is replaced by G allele resulting in amino acid
substitution and rs1635564 which is an intronic SNP
with G allele replaced by the T allele, both are
suspected to be associated with SLE and LN
susceptibility™.

Our aim in this work is to study the possible
association of PADI4 rs874881 and rs1635564 SNPs
with SLE and LN susceptibility in the Egyptian
population.

METHODOLOGY

Patients:

This case control study included 2 groups: SLE
group: One hundred and two patients having SLE,
diagnosis and classification were done according to
European League Against Rheumatism/American
College of Rheumatology (EULAR/ACR) Classification
Criteria for SLE®.Healthy control group: Fifty healthy
volunteers with matching age and sex.

Patients with any other autoimmune disease or any
other chronic disease were excluded.

Healthy controls with family history of autoimmune
diseases were excluded.

Participants were selected from the Outpatients’
Clinic of the Centre of Medical Excellency, National
Research Centre (NRC). Patients were recruited during
periodic follow up at the Rheumatology Clinic and
healthy controls were volunteers coming for regular
checkup.

Ethical consideration:

Approval of National Research Centre Ethical
Committee, Cairo, Egypt was obtained (humber 16288).
The institute follows Declaration of Helsinki in 2015
approved World Medical Association code of ethics.

All participants signed a written consent after
explanation of the procedures and prior to participation
in the study.

Clinical history and physical examination
All participants were subjected to full medical history
taking and thorough clinical examination

We wused Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2k) to assess the SLE
disease activity’’ and LN was diagnosed according to
EULAR/ACR Classification Criteria for LN™.
Laboratory investigations:

Sample collection:

Venous blood samples were withdrawn into plain
vacutainer for routine laboratory investigations and on
EDTA anticoagulant for genotyping of PADI4 gene.
Urinary samples were collected to measure
albumin/creatinine ratio (ACR).

Routine laboratory assays:

Creatinine in serum and urine and urinary albumin
were assayed by AU400 Beckman Chemistry analyzer
(Beckman Coulter, Inc., USA). Complement C3 and C4
assays were done using MININEPH ZKO023.R and
ZKO025.R kits, respectively (Binding Site Group Ltd.,
Birmingham, UK) on MininephPlus Analyzer endpoint
nephelometry. Qualitative determination of Anti-double
stranded DNA (Anti-dsDNA) antibodies and antinuclear
antibodies (ANA) in serum were assayed using Indirect
immunofluorescence tests with ORG-871 and ORG-870
kits, respectively (ORGENTEC Diagnostika GmbH,
Germany).

Genotyping analysis for PADI4 rs874881 and
rs1635564 gene polymorphisms by real time PCR:

We extracted the DNA from whole-blood samples
using QlAamp DNA Blood Kit (Qiagen, Hilden,
Germany). PADI4 rs874881 and rs1635564 were
genotyped using TagMan allelic discrimination method
with primers and probes designed and manufactured by
Applied Biosystems (TagMan SNP Genotyping Assay,
Cat no: 4351379, Foster City, California, USA) (context
sequence is shown in Table 1). The reaction mix was of
20 pL volume and composed of 20ng of the tested
DNA, 10 pL Master Mix, 0.5 pL of the assay primer
and nuclease free water to complete the volume. The
thermal profile was as follows; initial activation step for
10 minutes at 95°C then 40 repeated cycles of
denaturation at 95°C for 15 seconds and
annealing/extension for 1 minute at 60°C. Florescent
data acquisition was done during the extension step.
PCR was performed by LightCycler 480 Real-Time
PCR System (Roche Diagnostics, Basel, Switzerland)
and final product analysis was done by LightCycler 480
Real-Time PCR System software program. The
procedure was done as manufacturer’s instructions.
Positive and negative controls were assayed with each
run in addition to duplicates of 10% of the samples to
ensure quality control®.

Table 1: Sequences of PADI4 rs874881 and rs1635564 gene polymorphisms detected by real time PCR

SNP ID Context Sequence
Rs874881 GTCAAAGCTCTACTCTACCTCACCG|[C/G]JGGTGGGTAAGTGACAACCAGGATCC
Rs1635564 ATGTTGTGTGGCATCAGGAGAGGGC[G/T]JGACCTGTTTCTTCCTCTCTCGATGG

SNP=single-nucleotide polymorphism, ID=identification number
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Statistical methods:

Data analysis was done using SPSS version 22
software (IBM Corp, Armonk, NY, USA). MeanxSD
were used to describe quantitative data while
frequencies were used to describe qualitative data. y2
test was used for comparison of qualitative parameters
and Student’s t test was used for quantitative data
comparisons. the 2 test was used to detect The Hardy—
Weinberg equilibrium of the studied SNPs among
healthy controls. Comparing means of more than 2
groups was done using Analysis of Variance (ANOVA)
test.

Table 2: Descriptive data of the SLE patients

RESULTS

This comparative case-control study consisted of
152 participants including 102 SLE patients and 50
healthy controls. Participants ages (meant SD) were as
follows for SLE patients (26.8 %8.4) and healthy
controls (26.70 +£7.11) (p=0.23), the female to male ratio
were 89:13 and 37:13 respectively (p=0.07) with no
significant difference between the two groups.
Descriptive data of the studied SLE patients are shown
in Table 2.

Variables SLE (n=102)
Age of onset (years) ® 18.1+9.0
Disease duration(years)® 8.848.1
Family history of SLE ° (Positive/negative) 19/83
Associated clinical presentation °
(Positive/negative)
Anrthritis 85/17
Malar Rash 71/31
Photosensitivity 70/32
Alopecia 47/55
Ulcers 50/52
Myositis 7/95
Serositis 33/69
Carditis 8/94
Neurological manifestations 7/94
LN 52/50
SLEDAI score® 44435
ANAP (Positive/negative) 99/3
Anti-dsDNA antibodies  (Positive/negative) 50/52
Serum C3 (mg/dl)? 83.6+43.7
Serum C4 (mg/dl)? 29.3+19.8
Serum creatinine (mg/dl)? 0.9+0.3
ESR®(mm/"'hr)® 36.5£25.5
ACR (mg/g) ® (LN patients only) 314.8+296.9

3= data presented as mean * SD, ° = data presented as frequencies, SLE=systemic lupus erythematosus LN=lupus nephritis, SLEDAI= Systemic
lupus erythematosus disease activity index, ANA= antinuclear antibodies, dsSDNA= double-stranded deoxyribonucleic acid antibodies, C=
complement, ESR=Erythrocyte sedimentation rate. ACR = albumin/creatinine ratio.

The genotype analysis of PADI4 polymorphisms
rs874881 and rs1635564 showed no significant
deviation from HWE among controls (p= 0.7 and 0.1
respectively). Distribution of the studied genotypes and
allele frequencies between SLE patients and healthy
controls are shown in Table 3.

Concerning PADI4 rs874881 polymorphism, both
genotypes (p=0.1) and alleles (p=0.2) frequencies
showed no significant differences between SLE patients
and healthy controls, additionally there was no
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association between rs874881 and SLE susceptibility
either under dominant, recessive or additive models
(Table 3).

Our study of PADI4 rs1635564 polymorphism
showed no statistically significant difference between
SLE patients and healthy controls in distribution of
genotypes (p= 0.07) or alleles (p=0.8), in addition there
was no association between SLE occurrence and
rs1635564 under the studied inheritance models shown
in Table 3.
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Table 3: Comparison between SLE patients and healthy controls regarding the distribution of PADI4 rs874881
and rs1635564 under different models

SNP Variable SLE (n=102) Controls (n=50) P-value

Genotypes
CcC 15 14
GC 76 31 0.1
GG 11 5
Alleles (2n)
C allele 106 59
G allele (minor allele) 98 41 0.2
Dominant model:
GG +GC 87 36

rs874881 cc 15 14 0.07
Recessive model:
GG 11 5
GC+CC 91 45 0.8
Additive
CC (Reference) Reference
GC 0.06
GG 0.2
Genotypes
GG 11 12
GT 78 30 0.07
TT 13 8
Alleles (2n)
G allele 100 46
T allele (minor allele) 104 54 0.8
Dominant model:
TT +GT 91 38

rs1635564 | g6 11 12 0.07
Recessive model:
TT 13 8
GT+GG 89 42 0.5
Additive
GG (Reference) Reference
GT 0.3
TT 0.06

Regarding PADI4

rs874881 and

rs1635564

polymorphisms, genotypes’ distribution did not show
any statistical differences concerning age of onset,

SLEDAI score, or serum levels of C3, C4 and creatinine

within the SLE patients (Table 4).

Table 4: Association analysis of PADI4 rs874881 and rs1635564 with different parameters in SLE patients

rs874881 rs1635564
CC GC GG p value GG GT TT p value

Age of onset (years) 23.719.8 18.1+8.2 10.748.1 0.01 16.8+9.6 17.849.1 21.947.7 0.34
SLEDAI score 49445 4.442.6 3.3£2.0 0.67 4.9+4.4 4.0£0.3 3.8+£3.5 0.37
Serum C3 (mg/dl) 81.2+42.3 | 86.6+45.3 | 65.8+31.2 0.33 90.1+47.2 | 81.9443.4 | 87.9+44.9 0.78
Serum C4 (mg/dl) 29.5+18.4 | 27.2+20.1 | 24.3%16.1 0.78 23.8+13.9 | 30.6424.2 | 32.5+17.1 0.26
Serum creatinine 0.8+0.2 0.9+0.3 0.9+0.1 0.46 0.8+0.1 0.9+0.3 0.7+0.2 0.24
(mg/dl)

ESR (mm/® hr) 28.2+16.7 | 38.3+27.5 | 35.7+£19.1 0.38 33.4420.9 | 37.4+27.3 | 34.5+17.2 0.84

All data are presented as mean + SD, SLE=systemic lupus erythematosus, SLEDAI= Systemic lupus erythematosus disease activity index, C=
complement, ESR=Erythrocyte sedimentation rate.
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Out of the 102 SLE patients 52 patients were
diagnosed with LN and we studied PADI4 rs874881 and
rs1635564 polymorphisms comparing SLE patients with
no LN to SLE patients with LN. As regards to rs874881
our results showed no significant difference concerning
genotypes’ or alleles’ frequencies (p= 0.1 and 0.9
respectively) and there was no detected significant

association on studying other inheritance models (Table
5).

In addition, the current study showed no significant
differences between LN patients and other SLE patients
regarding PADI4 rs1635564 neither with genotypes’
(p=0.2) nor with alleles’ (p=0.2) distribution and we did
not detect any significant association on studying other
inheritance models (Table 5).

Table 5: Comparison between SLE patients with and without LN regarding the distribution of PADI4 rs874881 and

rs1635564 under different models

. SLE with no LN SLE with LN
SNP Variable (n=50) (n=52) P-value

Genotypes
CcC 10 5
GC 33 43 0.1
GG 7 4
Alleles (2n)
C allele 53 53
G allele (minor allele) 47 51 0.9
Dominant model:

rs874881 GG +GC 30 47
CcC 10 5 0.1
Recessive model:
GG 7 4
GC+CC 43 48695 0.3
Additive
CC (Reference) Reference
GC 0.1
GG 0.8
Genotypes
GG 3 8
GT 39 39 0.2
TT 8 5
Alleles (2n)
G allele 45 55
T allele (minor allele) 55 49 0.2
Dominant model:

rs1635564 TT +GT 47 44
GG 3 8 0.1
Recessive model:
TT 8 5
GT+GG 42 47 0.3
Additive
GG (Reference) Reference
GT 0.2
TT 0.3

DISCUSSION extracellular formation of scaffolds of decondensed

SLE is an autoimmune multisystemic inflammatory
disease characterized by production of autoantibodies
targeting nuclear antigens and deposition of immune
complexes at classic target organs including kidneys™.
NETosis, part of the host immune defense, is an
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chromatin encompassing bactericidal granular and
cytosolic proteins resulting from neutrophil cell death®,
this process is accomplished by PADI4-dependent
citrullination of histones®*. Dysregulation of NETosis is
believed to participate in the loss of tolerance to self-
antigens which is one of the earliest manifestations of
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SLE®. PADI4 enzyme is encoded PADI4 gene,
polymorphisms in this gene have been associated with
SLE in a previous study™.

This work is to study, for the first time, the PADI4
gene polymorphisms at rs874881 and rs1635564 loci
and their association with susceptibility to SLE and LN
in the Egyptian population.

The PADI4 rs874881 gene polymorphism (also
known as PADI4 -92) results into non-synonymous or
missense variation at 112th residue of PADI4 protein
(Gly112Ala)?. This SNP was studied as a part of
haplotype comprising three SNPs (rs11203366G,
rs11203367T and rs874881G), these susceptibility
alleles were thought to be associated with more stable
MRNA and increased enzymatic affinity and activity of
PADI4 and was linked to diseases as RA%, LN™ and
COVID-19 mortality?®. Other studies focused on
rs874881 SNP and it was linked to acute chest
syndrome in sickle cell anemia patients® and RA%.

Our results for rs874881 did not show any
significant differences either in genotypes’ or alleles’
distribution between SLE and healthy control or
between SLE patients with and without LN under any
inheritance model.

Our results were in agreement with Massarenti
research group who found that rs874881 was, on its
own, not associated with susceptibility to either SLE or
LN in Danish patients in spite of its association as a
haplotype. Our findings might be explained by the in-
silico pathogenicity prediction analysis that PADI4
structure and enzymatic activity are not majorly affected
by Glyl12Ala substitution??. Supporting our results,
Bakr? study on an Egyptian population from Cairo with
RA, another autoimmune inflammatory disease, did not
show any association between rs874881 and disease
occurrence. On the other hand, Abd-Allah’s?’ and
Bashir’s® studies showed significant risk with G allele
compared to C allele with the same polymorphism in
RA Egyptians from Zagazig and Pakistani patients
respectively. These discrepancies between results were
shown in other studies in different populations
confirming different inheritance patterns between
different populations®.

Our results for rs1635564 did not show any
significant differences either in genotypes’ or alleles’
distribution between SLE and healthy control or
between SLE patients with and without LN under any
inheritance model.

Our results concerning rs1635564 was not in
agreement with Massarenti’s™ research group who
found SLE increased risk was associated with the
presence of minor T allele weather homozygous or
heterozygous, they also found LN to be associated with
homozygosity of the minor allele (TT), in addition to
observed variant allele gene dose effect was observed
for both SLE and LN. They were not able to find
explanation to those relations since rs1635564 is

’815

intronic with no known biological function. On the
other hand, rs1635564 was also studied in Chinese with
esophageal squamous cell carcinoma and did not show
association with the disease on its own though they
postulated  similar ~ mechanism  of  diseases
pathogeneses®®.

SLE and LN pathogeneses are multifactorial and
polygenic nature with known racial and individual
variations even in the clinical presentation of the
diseases®. In addition to the mentioned factors, the
PADI4 enzyme activity dysregulation is not only
dependent on the gene polymorphism but factors like
high calcium levels can even affects its target
specificity, tumor necrosis factor alpha in RA can
induce its translocation and aberrant levels of
citrullinated proteins, autocitrullination of PADI4 can
also lead to increase in citrullinated proteins®. Which
explains the inconsistency of the polymorphism results
without undermining the role of PADI4 in the disease
pathogenesis.

Future studies on the effect of PADI4 SNPs on
PADI4 enzyme functions and its association with SLE
and LN in different populations and with larger sample
size are recommended.

CONCLUSION

Our case-control study did not detect any association
of PADI4 gene polymorphisms rs874881 and rs1635564
with SLE or LN in a sample of Egyptian patients from
Cairo.

Conflict of interests:
Authors declare no conflicts of interests

Financial disclosures:
This research has been funded by national research
Centre, Cairo, Egypt

REFERENCES

1. Sanchez E, Rasmussen A, Riba L, Acevedo-
Vasquez E, Kelly JA, Langefeld CD, Williams
AHet al. Impact of genetic ancestry and
sociodemographic status on the clinical expression
of systemic lupus erythematosus in American
Indian—European populations.  Arthritis Rheum
2012;64(11):3687-3694.

2. Anders HJ, Saxena R, Zhao MH, Parodis I, Salmon
JE, Mohan C. Lupus nephritis. Nat Rev Dis Primers
2020;6(1):7.

3. Toong C, Adelstein S, Phan TG. Clearing the
complexity: immune complexes and their treatment
in lupus nephritis. Int J Nephrol Renovasc Dis
2011;4:17-28.

96

Egyptian Journal of Medical Microbiology
ejmm.journals.ekb.eg info.ejmm22@gmail.com



10.

11.

12.

13.

14.

15.

Egyptian Journal of Medical Microbiology
ejmm.journals.ekb.eg

Ashmawy et al. / PADI4 rsg874881 and rs1635564 in Systemic Lupus Erythematosus and Lupus Nephritis, Volume 34 / No. 1 / January 2025 91-98

Knight JS, Kaplan MJ. Lupus neutrophils: 'NET'
gain in understanding lupus pathogenesis. Curr
Opin Rheumatol 2012;24(5):441-50.

Lande R, Ganguly D, Facchinetti V, Frasca L,
Conrad C, Gregorio J, Meller S et al. Neutrophils
activate plasmacytoid dendritic cells by releasing
self-DNA-peptide complexes in systemic lupus
erythematosus. Sci Transl Med 2011;3(73):73ral9.

Valesini G, Gerardi MC, lannuccelli C, Pacucci
VA, Pendolino M, Shoenfeld Y. Citrullination and
autoimmunity. Autoimmun Rev 2015;14(6):490-7.

Yang L, Tan D, Piao H. Myelin basic protein
citrullination in multiple sclerosis: a potential
therapeutic target for the pathology. Neurochem
Res 2016;41(8):1845-56.

Darrah E, Andrade F. Rheumatoid arthritis and
citrullination. Curr Opin Rheumatol 2018;30(1):72—
8.

O'Neil LJ, Kaplan MJ, Carmona-Rivera C. The role
of neutrophils and neutrophil extracellular traps in
vascular damage in systemic lupus erythematosus. J
Clin Med 2019;8(9):1325.

Bicker KL, Thompson PR. The protein arginine
deiminases: Structure, function, inhibition, and
disease. Biopolymers 2013;99(2):155-63.

Vossenaar ER, Zendman AJW, Van Venrooij WJ,
Pruijn GJM. PAD, a growing family of
citrullinating enzymes: genes, features and
involvement in disease. Bioessays 2003;25:1106—
18.

Mukhtar M, Sheikh N, Batool A, Khawar MB,
Fatima N, Mehmood R.Novel functional
polymorphism on PADI-4 gene and its association

with arthritis onset. Saudi J Biol
Sci 2022;29(2):1227-33.
Sawicka B, Borysewicz-Sanczyk H,

Wawrusiewicz-Kurylonek N, Aversa T, Corica D,
Goscik J, Kretowski A et al. Analysis of
polymorphisms  rs7093069-I1L-2RA, rs7138803-
FAIM2, and rs1748033-PADI4 in the group of
adolescents with autoimmune thyroid
diseases. Front Endocrinol
(Lausanne) 2020;11:544658.

Massarenti L, Enevold C, Damgaard D, Odum N,
Garred P, Frisch M, Shelef MA et al. PADI4
polymorphisms confer risk of anti-CCP-Positive
rheumatoid arthritis in synergy with HLA-
DRB1*04 and smoking. Front
Immunol 2021;12:707690.

Massarenti L, Enevold C, Damgaard D, Odum N,
Nielsen  CH, Jacobsen S. Peptidylarginine
deiminase-4 gene polymorphisms are associated
with systemic lupus erythematosus and lupus
nephritis. Scand J Rheumatol 2019;48(2):133-40.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Aringer M, Costenbader K, Daikh D, Brinks R,
Mosca M, Ramsey-Goldman R, Smolen JS et al.
European League Against Rheumatism/American
College of Rheumatology classification criteria for
systemic lupus erythematosus. Arthritis Rheum
2019;71:1400-1412.

Gladman DD, Iba™nez D, Urowitz MB. Systemic
lupus erythematosus disease activity index 2000. J
Rheumatol 2002;29(2):288—291.

Bagheri-Hosseinabadi Z, Mirzaei MR, Esmaeili O,
Asadi F, Ahmedinia H, Shamsoddini B, Abbasifard
M. Implications of Peptidyl Arginine Deiminase
4 gene transcription and polymorphisms in
susceptibility to rheumatoid arthritis in an Iranian
population. BMC Med Genomics 2023;16:104.

Hoi A, Igel T, Mok CC, Arnaud L. Systemic lupus
erythematosus.  Lancet 2024;403(10441):2326-
2338.

Wang M, Ishikawa T, Lai Y, Nallapothula D, Singh
RR. Diverse Roles of NETosis in the Pathogenesis
of Lupus. Front Immunol 2022;13:895216.

Li RHL, Ng G, Tablin F. Lipopolysaccharide-
Induced Neutrophil Extracellular Trap Formation in
Canine Neutrophils Is Dependent on Histone H3
Citrullination by Peptidylarginine Deiminase. Vet
Immunol Immunopathol 2017;193-194:29-37.

Bashir M, Mateen W, Khurshid S, Mehmood Malik
J, Agha Z, Khan F, Ajmal M et al. A common
missense variant rs874881 of PADI4 gene and
rheumatoid arthritis: Genetic association study and
in-silico analysis. Gene 2023;854:147123.

Matuz-Flores MG, Rosas-Rodriguez JA, Tortoledo-
Ortiz O, Mufoz-Barrios S, Martinez-Bonilla GE,
Hernandez-Bello J, Bafios-Herndndez CJ et al.
PADI4 haplotypes contribute to mMRNA expression,
the enzymatic activity of peptidyl arginine
deaminase and rheumatoid arthritis risk in patients
from Western Mexico. Curr Issues Mol Biol
2022;44(9):4268-4281.

Gutiérrez-Pérez 1A, Buendia-Roldan I, Zaragoza-
Garcia O, Pérez-Rubio G, Villafan-Bernal JR,
Chévez-Galan L, Parra-Rojas | et al. Association of
PADI2 and PADI4 polymorphisms in COVID-19
host severity and non-survival.  Heliyon
2024;10(6):27997.

Chenou F, Hounkpe BW, Albuquerque DM,
Domingos |, Araujo A, Cavalcanti Bezerra MA,
Costa FF et al. PADI4 gene polymorphism as a risk
factor for acute chest syndrome in sickle cell
anemia patients. Blood 2017;130(Suppl_1):954.

Bakr KM, Abd Al-Rahman MM, Abdou AE, Al-
Tamimy HM. Detection of some genetic
polymorphism and serological factors associated
with rheumatoid arthritis in Egyptian patients.
Egypt J Hosp Med 2019;77(1):4777-4784.

97

info.ejmm22@gmail.com



217.

28.

98

Ashmawy et al. / PADI4 rsg874881 and rs1635564 in Systemic Lupus Erythematosus and Lupus Nephritis, Volume 34 / No. 1 / January 2025 91-98

Abd-Allah SH, El-Shal AS, Shalaby SM, Pasha HF,
Abou el-Saoud AM, El-Najjar AR, EI-Shahawy EE.
PADI4 polymorphisms and related haplotype in
rheumatoid arthritis patients. Joint Bone Spine
2012;79(2):124-8.

Wang L, Gu H, Long T, Pan H, Lv L, Shi Y, Zhu J
et al. PADI4 rs2240337 G>A polymorphism is
associated with susceptibility of esophageal
squamous cell carcinoma in a Chinese population.
Oncotarget 2017;8(55):93655-93671.

29.

30.

Ramos PS, Brown EE, Kimberly RP, Langefeld
CD. Genetic Factors Predisposing to Systemic
Lupus Erythematosus and Lupus Nephritis. Semin
Nephrol. 2010;30(2):164-176.

Alghamdi M, Alasmari D, Assiri A, Mattar E,
Aljaddawi AA, Alattas SG, Redwan EM. An
Overview of the Intrinsic Role of Citrullination in
Autoimmune  Disorders. J Immunol Res
2019;2019:7592851.

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



