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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease. The programmed cell death 1 (PDCD1)
gene, which encodes the PD1 protein, is one of the many genes involved in susceptibility to SLE. The PD1 protein is an inhibitory
immunoreceptor that plays a key role in maintaining immunological tolerance to self-antigens. The PD1.5 C/T polymorphism
(rs2227981, c.804 T > C) alters the expression and function of the PD-1receptor.

Objectives: This case-control study aimed to determine the association between the rs2227981 polymorphism of the PDCD1
gene and susceptibility to SLE in the northwestern population of Iran.

Methods: The rs2227981 genotype was determined in 52 SLE patients and 53 controls using the PCR-RFLP method with the Pvu
Il restriction enzyme.

Results: The study found a significant association between the rs2227981 polymorphism and susceptibility to SLE in the study

population.

"

Conclusions: The rs2227981 polymorphism appears to be a risk factor for SLE in northwestern Iran.
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1. Background

Systemic lupus erythematosus (SLE) is a multisystem
autoimmune disease characterized by the production of
autoantibodies, hyperactivity of T and B cells, immune
complex deposition, and damage to multiple organs.
Patients with SLE can experience a range of systemic
manifestations and organ-specific injuries. Additionally,
they may experience nonspecific symptoms such as
fatigue, fever, arthralgia, malaise, headache, and weight
loss, which are general manifestations that can mimic
other diseases (1, 2). Approximately half of lupus
patients develop more severe complications, including
nephritis, central nervous system vasculitis, pulmonary
hypertension, interstitial lung disease, and stroke.

Several factors, including hormones, pathogens,
medications, and UV radiation, are considered triggers
and aggravators of SLE (3). Epidemiological studies have
also indicated a significant contribution of genetic and
epigenetic factors to the etiology of SLE. This disease

shows high heritability (43 - 66%), with concordance
rates of 24 - 57% in monozygotic twins and 2 - 5% in
dizygotic twins or siblings (4-6). The prevalence of SLE
varies by gender and ethnic background. The ratio of
women to men is 9: 1, with a peak incidence in women
during their reproductive years. SLE has been shown to
be more frequent among African Americans and
individuals of non-European descent (7, 8). In the
Iranian population, the reported incidence of SLE is 40
per 100,000 people. Iranian patients tend to exhibit
more severe symptoms than European Caucasians,
which may be associated with risk factors such as
ethnicity and diet (9).

The programmed cell death 1 (PDCD1) gene has been
identified as a potential risk gene for SLE (10).
Programmed cell death 1 (also known as PD1) encodes a
member of the immunoglobulin superfamily that
contains an immunoreceptor tyrosine-based inhibitory
motif (ITIM). During cell activation, the tyrosine residue
of the ITIM motif is phosphorylated, leading to the
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deactivation of downstream signaling molecules. This
inactivation inhibits cytokine production and halts cell
proliferation in the G1 phase of the cell cycle.
Programmed cell death 1 is crucial for maintaining
peripheral immunological tolerance by suppressing or
inactivating self-reactive T and B cells, thereby
preventing autoimmunity (11, 12). The PD-1.5 C|T
polymorphism is located within exon 5 of the gene, and
because it is a silent mutation, the final amino acid
sequence of the protein remains unchanged. However,
this single nucleotide polymorphism (SNP) could have a
direct or indirect functional effect on PD-1.

It is important to investigate the relationship
between PDCD1 gene polymorphism and SLE
susceptibility in Iranians due to racial and regional
differences. This research could enhance our
understanding of the molecular basis and
pathophysiology of SLE.

2. Objectives

This study aimed to investigate the association
between the PD-1.5 C|T (rs2227981) SNP and susceptibility
to SLE in a sample population from northwestern Iran.

3. Methods

3.1. Patients and DNA Samples

This case-control study included 52 unrelated
patients and 53 healthy controls with no history of
autoimmune abnormalities or cancer. The inclusion
criteria for the case samples were a confirmed diagnosis
of SLE by a specialist according to the American College
of Rheumatology (ACR) classification criteria
(Hochberg, 1997). Participants were selected from
northwest Iran, and the study was conducted at the
Faculty of Natural Sciences at the University of Tabriz.
The study protocol was approved by the Ethics
Committee of Tabriz University of Medical Sciences

(IRTBZMED.REC.1398.1064), and all  participants
provided written informed consent.
3.2. Genotype Analysis by PCR-RFLP

EDTA-treated peripheral blood samples were

collected, and genomic DNA was extracted using
magnetic nanoparticles from a commercial extraction
kit produced by ZiAViZ (www.ziaviz.com). The
polymorphic region was amplified using the forward
primer 5" GGACAGCTCAGGGTAAGCAG3 "~ and the reverse
primer 5 CCTGAGTACAGAGTTACGGG3~. Each PCR
reaction was performed in a total volume of 15 L,
consisting of 1 pL of genomic DNA, 1 uL of each primer,

7.5 uL of PCR Master Mix (Ampliqon, Denmark), and 4.5
uL of ddH20. The PCR was conducted on a thermocycler
(Bio-Rad, USA) with the following program: An initial
denaturation step at 95°C for 5 minutes, followed by 38
cycles of three steps (denaturation at 95°C for 30
seconds, annealing at 61°C for 30 seconds, and extension
at 72°C for 30 seconds), and a final extension cycle at
72°C for 7 minutes. The PCR product was digested with
1.0 U of Pvu II restriction enzyme (Thermo Fisher
Scientific, USA) for 1 hour and 45 minutes at 37°C and
then electrophoresed on a 2% agarose gel. The
polymorphic Pvu II site was detected by restriction
fragment length polymorphism, producing fragments
of 308 and 258 bp (TT homozygous genotype) or 566,
308, and 258 bp (CT heterozygous genotype). The 566 bp
fragment (CC homozygous genotype) did not contain
the site (Figure 1).

3.3. Statistical Analysis

Statistical analyses were performed using SPSS
(version 20.0) to determine the frequencies of
genotypes and alleles. The chi-square test was used to
assess Hardy-Weinberg equilibrium. A 95% confidence
interval was applied, and a P-value of <0.05 was
considered significant for all statistical tests.

4.Results

In this study, the PD-1.5 C|T SNP was investigated in 52
SLE patients and 53 healthy controls. The genotype
distribution for SLE patients (T/T 7.69%, T/C 34.62%, and
C|C 57.69%) and the control group (T/T 16.98%, T/C 35.85%,
and C/C 47.17%) showed that only the control group
conformed to Hardy-Weinberg equilibrium (Table 1).
Statistical analysis also revealed significant differences
in genotype frequencies between the case and control
groups (P = 0.030). Individuals with the CC and CT
genotypes were approximately 2.707 (95% CI: 2.216 -
3.027, P = 0.0001) and 2.130 (95% CI: 1.481 - 2.956, P =
0.003) times more susceptible to SLE than those with
the TT genotype (Tables 1and 2).

The allelic frequencies for the T and C alleles were 25%
and 75% in the case group and 34.90% and 65.09% in the
control group, respectively. A significant difference in
allele frequency was also observed between the case and
control groups (P = 0.019). Individuals with the C allele
were 1.612 times more vulnerable to SLE than those with
the T allele (95% CI:1.015 - 2.117, P=0.04) (Tables 1 and 2).

5. Discussion

It has been shown that the PD-1-PD-L pathway is
essential for maintaining peripheral self-tolerance and
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Figure 1. Detection of genotype and allelic variations at the rs2227981 in PDCD1 gene. PCR products were electrophoresed after digesting with Pvu II. Lane M: DNA ladder; lanes 1,

and 3: TT alleles; lanes 2, and 4: CC alleles; lane 5: CT alleles

Table 1. Genotype and Allele Frequencies of Programmed Cell Death 1152227981 in the Systemic Lupus Erythematosus Patients and Control Group

Genotype (%)

Allele Frequency (%)

Group n P-Value® HWEP P-alue P
T CT CcC Allele T Allele C

Case 52 4(7.69) 18 (34.62) 30(57.69) 0.030°€ 26(25) 37(34.905) 0.0001 0.019¢

Control 53 9(16.98) 19 (35.85) 25(47.17) 53(75) 69 (65.015) 0.236 ns

Abbreviations: HWE, Hardy-Weinberg equilibrium; ns, non-significant.
@ The Fisher's exact test P-value.

b The chi-square P-value.

€P<0.05.

preventing autoimmune diseases such as SLE (11). PD-1
and its two ligands, PD-L1 and PD-L2, provide inhibitory
signals that  regulate T  cell activation,
immunopathology, and tolerance (13).

Multiple studies have indicated that polymorphisms
in the PDCD-1 gene are associated with an increased risk
of SLE (14-18). In this case-control study, we investigated
the PD-1.5 (+7785T/C) variant in patients with systemic
lupus erythematosus and in healthy controls in
northwestern Iran.

] Inflamm Dis. 2023; 27(3): e153344

We found a significantly higher incidence of the
PD15C/C and PD15C|T genotypes in SLE patients
compared to healthy subjects, while the frequency of
the PD1.5 T/T genotype was lower in SLE patients. These
findings suggest that the PD15 T/T genotype may be
protective against SLE, whereas the PD1.5 C/C and C|T
genotypes may induce immune system down-
regulation and predispose individuals in northwestern
Iran to the disease. Additionally, we observed that the
frequency of the PD1.5C allele was associated with SLE.
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Table 2. The Odds Ratio of Programmed Cell Death 1152227981 Genotypes and Alleles Between Systemic Lupus Erythematosus Patients and Control Group

SLE Patients Versus Control

Total P-Value ?
OR (95% CI)
Genotype
T 1.000
cT 2130 (1.481- 0.956) 0.003€
cC 2.707 (2.216 - 0.027) 0.0001°€
Allele
TPIC 1.612 (1.015 - 0.117) 0.04¢

Abbreviations: OR, odds ratio; CI, confidence interval.
2 The chi-square P-value.

b Reference.

€P<0.05.

A meta-analysis study by Lee et al. (19) reported an
association between the PD15C allele and SLE
susceptibility among Europeans, but not Africans or
Latin Americans. However, Gao et al. (20) found no
association between the PD15 polymorphism and an
increased risk of SLE in the Caucasian population. In
another study, Abo El-Khair et al. (21) indicated that the
prevalence of PD1.5C|T alleles was not significantly
different between SLE patients and control subjects in
Egyptian women. However, the PD1.5C/C and PD1.5C/T
genotypes were significantly associated with SLE
susceptibility. Additionally, they proposed that the
PDL5C|T polymorphism might only be in linkage
disequilibrium with the actual causative allele, PD1.3G/A,
or other unstudied locations, rather than being the
causal allele itself. Chua et al. (22) also investigated this
SNP in the three main ethnic groups of the Malaysian
population and observed a significantly higher
incidence of the PD1.5C/C genotype in Indian SLE
patients and Malay controls. However, the PD1.5C|T
genotype appeared to predispose Malays to SLE but had
a protective effect in Indians (P < 0.01). Genetic variables
implicated in the pathophysiology of SLE, as well as
interactions with environmental factors, may account
for variations in the correlation between
polymorphisms and disease across different
populations (22).

Although we reported an association between the
PD1.5 polymorphism of the PDCD1 gene and SLE, this
study has several limitations. The sample size was
relatively small, consisting of 52 SLE patients and 53
healthy individuals, and further studies with larger
populations are needed to confirm or refute our
findings. Another limitation is that the study focused
only on a single nucleotide polymorphism, even though
there are multiple polymorphisms in SLE-related genes.

Despite these methodological limitations, this study
also has several strengths. The control and SLE groups
were similar in age, reducing potential confounding
variables. To address the issue of population
heterogeneity, which is a factor to consider in the
Iranian population, sampling was conducted exclusively
among individuals of Azeri descent.

Overall, we found that the PD1.5C/C and PD1.5C[T
genotypes, as well as the PD1.5C allele of the PDCD1 gene,
were significantly associated with systemic lupus
erythematosus in the northwestern Iranian population.

Acknowledgements

The authors greatly thank the patients and their
families and control volunteers who participated in this
project.

Footnotes

Authors’ Contribution: P. N. carried out the
experiment. P. G. wrote the manuscript with support
from N. Z. and M. R. A. provided the samples. M. H.
analyzed the data. N. Z. supervised the project.

Conflict of Interests: There is no conflict of interest.

Data Reproducibility: The dataset presented in the
study is available on request from the corresponding
author during submission or after publication.

Ethical Approval: The study protocol was approved by
the Ethics Committee of Tabriz University of Medical
Sciences. The registered ethical approval code:
IR.TBZMED.REC.1398.1064

J Inflamm Dis. 2023; 27(3): 153344


https://brieflands.com/articles/jid-153344
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=104362

Nasiri P et al.

Brieflands

Funding/Support: This research did not receive any

grant from funding agencies in the public, commercial,
or non-profit sectors.

Informed Consent: All participants provided written

informed consent.

References

10.

1.

Oku K, Atsumi T. Systemic lupus erythematosus: Nothing stale her
infinite variety. Mod Rheumatol. 2018;28(5):758-65. [PubMed ID:
29947275]. https:|/doi.org[10.1080/14397595.2018.1494239.

Ding H, Shen Y, Hong SM, Xiang C, Shen N. Biomarkers for systemic
lupus erythematosus-a focus on organ damage. Expert Rev Clin
Immunol. 2024;20(1):39-58. [PubMed ID: 37712757).
https://doi.org[10.1080/1744666X.2023.2260098.

Crow MK. Pathogenesis of systemic lupus erythematosus: Risks,
mechanisms and therapeutic targets. Ann Rheum Dis. 2023;82(8):999-
1014. [PubMed ID:36792346]. https://doi.org/10.1136/ard-2022-223741.

Demkova K, Morris DL, Vyse T]. Genetics of SLE: Does this explain
susceptibility and severity across racial groups? Rheumatology
(Oxford). 2023;62(Suppl 1):i15-21. [PubMed ID: 36583554]. [PubMed
Central ID: PMC10050932].
https://doi.org/10.1093/rheumatology/keac695.

Zhou HY, Luo Q, Sui H, Du XN, Zhao Y], Liu L, et al. Recent advances in
the involvement of epigenetics in the pathogenesis of systemic
lupus erythematosus. Clin Immunol. 2024;258:109857. [PubMed ID:
38043757]. https://doi.org/10.1016/j.clim.2023.109857.

Araki Y, Mimura T. Epigenetic dysregulation in the pathogenesis of
systemic lupus erythematosus. Int | Mol Sci. 2024;25(2). [PubMed ID:
38256093]. [PubMed Central ID: PMC10816225].
https://doi.org/10.3390/ijms25021019.

Rees F, Doherty M, Grainge M], Lanyon P, Zhang W. The worldwide
incidence and prevalence of systemic lupus erythematosus: A
systematic review of epidemiological studies. Rheumatology (Oxford).
2017;56(11):1945-61. [PubMed ID: 28968809].
https://doi.org/10.1093/rheumatology/kex260.

Guery ]JC. Why is systemic lupus erythematosus more common in
women? Joint Bone Spine. 2019;86(3):297-9. [PubMed ID: 30584922].
https://doi.org/10.1016/j.jbspin.2018.12.004.

Gachpazan M, Akhlaghipour I, Rahimi HR, Saburi E, Mojarrad M,
Abbaszadegan MR, et al. Genetic and molecular biology of systemic
lupus erythematosus among Iranian patients: An overview. Auto
Immun Highlights. 2021;12(1):2. [PubMed ID: 33516274]. [PubMed
Central ID: PMC7847600]. https://doi.org/10.1186/s13317-020-00144-y.

Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development of
lupus-like autoimmune diseases by disruption of the PD-1 gene
encoding an ITIM motif-carrying immunoreceptor. Immunity.
1999;11(2):141-51. [PubMed ID: 10485649]. https://doi.org[10.1016/s1074-
7613(00)80089-8.

Okazaki T, Wang J.
Autoimmunity.  2005;38(5):353-7.

PD-1/PD-L pathway and autoimmunity.
[PubMed  ID:  16227150].

] Inflamm Dis. 2023; 27(3): e153344

12.

14.

15.

16.

18.

19.

20.

21.

22.

https://doi.org/10.1080/08916930500124072.

Chamoto K, Yaguchi T, Tajima M, Honjo T. Insights from a 30-year
journey: Function, regulation and therapeutic modulation of PD1.
Nat Rev Immunol. 2023;23(10):682-95. [PubMed ID: 37185300].
https://doi.org/10.1038/s41577-023-00867-9.

Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in
tolerance and immunity. Annu Rev Immunol. 2008;26:677-704.
[PubMed ID: 18173375]. [PubMed Central ID: PMC10637733].
https://doi.org/10.1146/annurev.immunol.26.021607.090331.

Ferreiros-Vidal I, Gomez-Reino J], Barros F, Carracedo A, Carreira P,
Gonzalez-Escribano F, et al. Association of PDCD1 with susceptibility
to systemic lupus erythematosus: Evidence of population-specific
effects. Arthritis Rheum. 2004;50(8):2590-7. [PubMed ID: 15334473].
https://doi.org[10.1002/art.20436.

Nielsen C, Laustrup H, Voss A, Junker P, Husby S, Lillevang ST. A
putative regulatory polymorphism in PD-1 is associated with
nephropathy in a population-based cohort of systemic lupus
erythematosus patients. Lupus. 2004;13(7):510-6. [PubMed ID:
15352422]. https://doi.org/10.1191/0961203303lu10520a.

Sanghera DK, Manzi S, Bontempo F, Nestlerode C, Kamboh MI. Role of
an intronic polymorphism in the PDCD1 gene with the risk of
sporadic systemic lupus erythematosus and the occurrence of
antiphospholipid antibodies. Hum Genet. 2004;115(5):393-8. [PubMed
ID:15322919]. https://doi.org/10.1007/s00439-004-1172-0.

Johansson M, Arlestig L, Moller B, Rantapaa-Dahlqvist S. Association
of a PDCD1 polymorphism with renal manifestations in systemic
lupus erythematosus. Arthritis Rheum. 2005;52(6):1665-9. [PubMed ID:
15934088]. https://doi.org/10.1002/art.21058.

Thorburn CM, Prokunina-Olsson L, Sterba KA, Lum RF, Seldin MF,
Alarcon-Riquelme ME, et al. Association of PDCDI1 genetic variation
with risk and clinical manifestations of systemic lupus
erythematosus in a multiethnic cohort. Genes Immun. 2007;8(4):279-
87. [PubMed ID: 17344889]. [PubMed Central ID: PMC2925679].
https://doi.org/10.1038/sj.gene.6364383.

Lee YH, Woo JH, Choi S], Ji |D, Song GG. Association of programmed
cell death 1 polymorphisms and systemic lupus erythematosus: A
meta-analysis. Lupus. 2009;18(1):9-15. [PubMed ID: 19074163].
https://doi.org/10.1177/0961203308093923.

Gao |, Gai N, Wang L, Liu K, Liu XH, Wei LT, et al. Meta-analysis of
programmed cell death 1 polymorphisms with systemic lupus
erythematosus risk. Oncotarget. 2017;8(22):36885-97. [PubMed ID:
28415570]. [PubMed Central ID: PMC5482706).
https://doi.org/10.18632/oncotarget.16378.

Abo El-Khair SM, Sameer W, Awadallah N, Shaalan D. Programmed
cell death 1 gene polymorphism as a possible risk for systemic lupus
erythematosus in Egyptian females. Lupus. 2019;28(12):1427-34.
[PubMed ID: 31551030]. https://doi.org[10.1177/0961203319878493.

Chua KH, Lian LH, Sim X], Cheah TE, Lau TP. Association between
PDCD1 gene polymorphisms and risk of systemic lupus
erythematosus in three main ethnic groups of the malaysian
population. Int | Mol Sci. 2015;16(5):9794-803. [PubMed ID: 25938972].
[PubMed Central ID: PMC4463618].
https://doi.org/10.3390/ijms16059794.


https://brieflands.com/articles/jid-153344
http://www.ncbi.nlm.nih.gov/pubmed/29947275
https://doi.org/10.1080/14397595.2018.1494239
http://www.ncbi.nlm.nih.gov/pubmed/37712757
https://doi.org/10.1080/1744666X.2023.2260098
http://www.ncbi.nlm.nih.gov/pubmed/36792346
https://doi.org/10.1136/ard-2022-223741
http://www.ncbi.nlm.nih.gov/pubmed/36583554
https://www.ncbi.nlm.nih.gov/pmc/PMC10050932
https://doi.org/10.1093/rheumatology/keac695
http://www.ncbi.nlm.nih.gov/pubmed/38043757
https://doi.org/10.1016/j.clim.2023.109857
http://www.ncbi.nlm.nih.gov/pubmed/38256093
https://www.ncbi.nlm.nih.gov/pmc/PMC10816225
https://doi.org/10.3390/ijms25021019
http://www.ncbi.nlm.nih.gov/pubmed/28968809
https://doi.org/10.1093/rheumatology/kex260
http://www.ncbi.nlm.nih.gov/pubmed/30584922
https://doi.org/10.1016/j.jbspin.2018.12.004
http://www.ncbi.nlm.nih.gov/pubmed/33516274
https://www.ncbi.nlm.nih.gov/pmc/PMC7847600
https://doi.org/10.1186/s13317-020-00144-y
http://www.ncbi.nlm.nih.gov/pubmed/10485649
https://doi.org/10.1016/s1074-7613(00)80089-8
https://doi.org/10.1016/s1074-7613(00)80089-8
http://www.ncbi.nlm.nih.gov/pubmed/16227150
https://doi.org/10.1080/08916930500124072
http://www.ncbi.nlm.nih.gov/pubmed/16227150
https://doi.org/10.1080/08916930500124072
http://www.ncbi.nlm.nih.gov/pubmed/37185300
https://doi.org/10.1038/s41577-023-00867-9
http://www.ncbi.nlm.nih.gov/pubmed/18173375
https://www.ncbi.nlm.nih.gov/pmc/PMC10637733
https://doi.org/10.1146/annurev.immunol.26.021607.090331
http://www.ncbi.nlm.nih.gov/pubmed/15334473
https://doi.org/10.1002/art.20436
http://www.ncbi.nlm.nih.gov/pubmed/15352422
https://doi.org/10.1191/0961203303lu1052oa
http://www.ncbi.nlm.nih.gov/pubmed/15322919
https://doi.org/10.1007/s00439-004-1172-0
http://www.ncbi.nlm.nih.gov/pubmed/15934088
https://doi.org/10.1002/art.21058
http://www.ncbi.nlm.nih.gov/pubmed/17344889
https://www.ncbi.nlm.nih.gov/pmc/PMC2925679
https://doi.org/10.1038/sj.gene.6364383
http://www.ncbi.nlm.nih.gov/pubmed/19074163
https://doi.org/10.1177/0961203308093923
http://www.ncbi.nlm.nih.gov/pubmed/28415570
https://www.ncbi.nlm.nih.gov/pmc/PMC5482706
https://doi.org/10.18632/oncotarget.16378
http://www.ncbi.nlm.nih.gov/pubmed/31551030
https://doi.org/10.1177/0961203319878493
http://www.ncbi.nlm.nih.gov/pubmed/25938972
https://www.ncbi.nlm.nih.gov/pmc/PMC4463618
https://doi.org/10.3390/ijms16059794

