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ÖZ
Amaç: Sistemik lupus eritematozus (SLE), düzensiz bağışıklık tepkileri ve 
genetik yatkınlık ile karakterize edilen çok yönlü otoimmün bir durumdur. 
Bu in siliko çalışmanın amacı, SLE patogenezinde bağışıklık yanıtı genlerini 
incelemek ve genetik ile epigenetik düzenlemelere odaklanmaktır. 
Gereç ve Yöntemler: 1255 SLE hastası ve 453 kontrol grubunu içeren bu 
çalışma, bağışıklık yanıtı ile ilişkilendirilen genleri belirlemeyi ve hem SLE 
hastalarında hem de kontrol grubunda bunların ekspresyon ve DNA meti-
lasyon düzeylerini incelemeyi amaçlamaktadır. Çalışmada, açık erişimli bir 
veri tabanı olan ADEX veritabanını kullanmıştır.
Bulgular: Çalışma, SLE patogenezinde on farklı şekilde ekspresyon göste-
ren bağışıklık yanıtı ile ilişkilendirilen genleri (FAM117B, ZNF395, PGAP3, 
PIK3IP1, HLA-DMB, HLA-DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1 ve CCL5) 
ve bunlara karşılık gelen 78 metilasyon sitesini belirlemiştir. SLE hastaların-
da HLA-DQA1, HLA-DMB ve CCL5’in aşırı ekspresyonu gözlenirken, diğer 
genlerin ekspresyonunda azalma görülmüştür. HLA-DPA1, HLA-DPB1, HLA-
DMB, HLA-DQA1, CCL5 ve ZNF395’in SLE’de en fazla hipermetile edilen 
genler olduğu bulunmuştur. HLA-DPB1, CCL5, FAM117B ve ZNF395’in CpG 
adalarındaki metilasyonları, bunların SLE’deki ekspresyon düzeyleri ile 
ilişkili bulunmuştur.
Sonuç: Bu bulgular, SLE’nin genetik ve epigenetik mekanizmalarına ışık 
tutmakta ve bu genlerin bağışıklık düzensizliği ve hastalık ilerlemesi üze-
rindeki önemini vurgulamaktadır. Bu genlerin fonksiyonel önemine ilişkin 
daha fazla araştırma, SLE patogenezine ve potansiyel terapötik hedeflere 
yönelik değerli bilgiler sağlayabilir.

Anahtar Kelimeler: Sistemik lupus eritematozus, İmmün yanıtla ilişkili 
genler, HLA-DPB1, Epigenetik düzenleme, FAM117B, ZNF395

ABSTRACT
Objective: Systemic lupus erythematosus (SLE) is a multifaceted autoim-
mune condition characterised by irregular immune reactions and genetic 
susceptibility. The aim of this in silico study was to investigate immune 
response genes during SLE pathogenesis, focusing on genetic and epige-
netic regulation.
Materials and Methods: This study involving 1255 patients with SLE and 
453 control subjects aimed to identify genes associated with the immune 
response and examine their expression and DNA methylation levels in 
both patients with SLE and controls. The study design utilized the ADEX 
open-access database.
Results: The study identified 10 differentially expressed immune respon-
se-related genes (FAM117B, ZNF395, PGAP3, PIK3IP1, HLA-DMB, HLA-
DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1, and CCL5) in SLE pathogenesis, 
with 78 corresponding methylation sites. Upregulation of HLA-DQA1, 
HLA-DMB, and CCL5 was observed in patients with SLE, whereas the rema-
ining genes exhibited decreased expression. HLA-DPA1, HLA-DPB1, HLA-
DMB, HLA-DQA1, CCL5, and ZNF395 were found to be the most hyper-
methylated genes in SLE. Methylation of the CpG islands of HLA-DPB1, 
CCL5, FAM117B, and ZNF395 is correlated with their expression levels in 
SLE.
Conclusion: Our findings shed light on the genetic and epigenetic mecha-
nisms underlying SLE and underscore the importance of these genes in 
immune dysregulation and disease progression. Further research on the 
functional significance of these genes could provide valuable insights into 
the pathogenesis of SLE and potential therapeutic targets.

Keywords: Systemic lupus erythematosus, Immune response-related 
genes, HLA-DPB1, epigenetic regulation, FAM117B, ZNF395
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a persistent autoimmune 
condition that primarily affects women. The global prevalence 
of SLE varies between 43.7 cases per 100,000 people and is 
estimated to be 3.41 million people worldwide (1). SLE affects 
many organs, including the skin, joints, kidneys, heart, and 
brain. The pathogenesis of SLE involves dysregulated innate 
and adaptive immune responses regulated by diverse immune 
cell populations, inflammatory mediators, and cytokines. This 
dysregulation leads to tissue and organ damage through the 
formation of autoantibodies and immune complexes (2).

Genetic susceptibility plays a crucial role in this process, with 
multiple susceptibility loci identified through genome-wide 
association (GWAS) and the study of candidate genes. Many 
of these susceptibility loci are located within or near immune 
response genes; this underlines their importance in SLE sus-
ceptibility and disease progression (3, 4). In recent decades, a 
thorough investigation has revealed many genetic and immu-
nological elements influencing the development of SLE, notably 
focusing on immune response genes. The interplay between 
these genes and SLE pathology is intricate and multifaceted, 
reflecting the delicate equilibrium between host defence mec-
hanisms and autoimmune responses (5, 6). Genes responsible 
for immune responses encode various proteins vital for immu-
ne control, modulation, and regulation of effector functions, 
thus playing key roles in shaping adaptive immune responses 
(7). The immune response genes most extensively studied in 
the context of SLE include those encoding components of the 
MHC, particularly the human leukocyte antigen (HLA) region. 
HLA molecules play critical roles in antigen presentation and 
immune regulation, and some HLA alleles are strongly associa-
ted with an increased risk of SLE and altered disease phenoty-
pes (8). Additionally, genes encoding cytokines and chemokine 
such as tumor necrosis factor (TNF), C-C motif chemokine li-
gands (CCLs), and interleukins (Ils), have been shown to play a 
role in SLE susceptibility and disease pathogenesis, influencing 
immune cell activation and inflammation (9). Although certain 
HLA alleles are correlated with an increased risk of SLE, the 
exact mechanisms underlying their contribution to the disease 
remain unclear.

Furthermore, advances in high-throughput genomic and trans-
criptomic technologies have facilitated the comprehensive pro-
filing of gene expression patterns and epigenetic modifications 
in patients with SLE, providing deeper insights into the mole-
cular mechanisms underlying disease pathogenesis. Epigene-
tic regulation, which encompasses non-coding RNA, histone 
modifications, and methylation, has emerged as a critical fac-
tor affecting the expression and function of immune response 
genes in SLE (10-12). Dysregulated epigenetic marks contribu-
te to altered gene expression profiles and abnormal immune 
responses (13). In light of these advances, understanding the 
complex relationships between immune response genes and 
SLE disease holds great promise for elucidating the mecha-
nisms driving autoimmunity, identifying new biomarkers for 

diagnosis and prognosis, and developing targeted therapeutic 
strategies to restore immune homeostasis and improve the 
immune system. However, the ongoing investigation of immu-
ne response genes in the context of SLE represents a crucial 
frontier in autoimmune research, with profound implications 
for improving patient outcomes and advancing personalized 
medicine approaches for treating this complex and heteroge-
neous disorder (14).

Given the role of immune dysregulation in SLE pathology, new 
therapeutic approaches and genetic and epigenetic biomarkers. 
This study provided valuable evidence that immune response 
genes involved in the development of SLE are under epigenetic 
regulation. These findings offer new insights into the regulatory 
role of epigenetic factors in the immune response implicated 
in SLE pathogenesis, thereby enhancing our understanding of 
the molecular mechanisms involved.

MATERIALS AND METHODS

Datasets
Data sets for SLE were obtained from the GEO database. (http://
www.ncbi.nlm.nih.gov/), (15). In total, 11 datasets were down-
loaded, namely GSE45291, GSE65391, GSE110169, GSE108497, 
GSE72509, GSE61635, GSE38351, GSE10325, GSE110174, 
GSE50772, and GSE82221. Among these, GSE45291, GSE65391, 
GSE110169, GSE108497, GSE72509, GSE61635, and GSE110174 
involved whole blood (WB) samples, and high-throughput se-
quencing was employed for the experimental analysis. On the 
other hand, GSE38351, GSE10325, GSE50772, and GSE82221 
utilized peripheral blood mononuclear cells (PBMC), with the 
experimental type being array-based.

Data analysis and visualization
In this study, the expression and methylation status of CpGs in 
relation to their known functions in disease progression were 
examined in SLE. The list of immune response genes with fully 
hypermethylated or hypomethylated CpGs associated with 
promoter regions and their expression were examined for 
enrichment in blood transcription modules (BTMs) using the 
predefined module DC.M8.83 (16). To ensure the integrity of 
methylation level assessment in both normal and SLE samples, 
two distinct peaks were identified, one near 0 and the other 
near 1. Methylation levels tended to be minimal at approxi-
mately 0 and maximal at approximately 1. Subsequently, the 
beta values are normalized using the ADEX tool to mitigate 
potential biases. Methylation sites were annotated using the 
GSE82221 platform file. Subsequently, genes associated with 
these distinct methylation sites were extracted. Data analysis 
and visualization were exclusively conducted within the ADEX 
programming environment (17).

Statistical analysis
The analyses utilized several R/Bioconductor packages, such 
as limma, to perform differential expression analysis between 
disease and control samples. The typical visualization appro-
ach includes a heatmap that displays the expression levels of 
the top differentially expressed genes (DEGs), which are arran-

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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ged based on their adjusted p values using the False Discovery 
Rate (FDR) method.  Gene expression profiles from RNA-Seq 
platforms were analyzed using the standard pipeline of the 
DESeq2 package (18). In both cases, the differential expression 
analysis provided p values, adjusted p values by False Disco-
very Rate (FDR), and log2 fold change (FC) values. Group mean 
comparisons were performed using the Wilcoxon test when 
data did not conform to a normal distribution. To evaluate the 
normality of the expression data, the Shapiro test function was 
used in R (19). 

RESULTS

Potential link between 10 immune response genes and the 
development of SLE
With the DC.M8.83 transcriptional module previously designed 
by Chaussabel et al., 10 potentially relevant genes were identi-
fied that were significantly implicated in the progression of SLE 
disease sites: FAM117B, ZNF395, PGAP3, PIK3IP1, HLA-DMB, 
HLA-DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1, and CCL5. Subse-
quently, the expression levels of 10 immune response-related 
genes were examined in a group of 1708 individuals, compri-
sing 1255 patients with SLE and 453 case controls. SLE disease 
samples were designated cases in each dataset, whereas nor-
mal samples served as controls. The specifications of the 11 
datasets are summarized in Table 1. The expression changes of 
these 10 genes were compared in GSE124939 (keratinocytes), 
GSE13887 (CD3-positive T cells), GSE11907 (blood), GSE30153 
(B cells), GSE24706 (PBMC), GSE80183 (Blood), GSE10325 (Blo-
od), and GSE11907 (Blood) as well as in 11 selected SLE data-
sets (Figure 1).

Heatmap showing the fold change of each relevant immune 
response gene selected for systemic lupus erythematosus (SLE) 
shows changes in expression in T cells and myeloid cell lines in 
the GSE10325 dataset. Upon analysing these genes across vari-
ous cell and tissue types, it was discerned that HLA-DRB3, CCL5, 
HLA-DQA1, FAM117B, HLA-DPA1, and HLA-DPB1 exhibited the 
strongest associations with SLE, contingent upon the specific 
tissue and cell type under investigation (Figure 1).

Differential expression of immune response genes in patients 
with SLE
The results demonstrated a notable increase in the expres-
sion of HLA-DQA1 and HLA-DMB compared with the control 
group, as depicted in Figure 2A-2H. Additionally, a decrease 
in CCL5 expression was observed in all samples, except for 
those obtained from the GSE61635 dataset (Figure 2I-2L). The 
expression of the HLA-DPA1, HLA-DRB3, and HLA-DPB1 genes 
from the HLA family, which are believed to be implicated in the 
immune response in SLE, were also assessed. A notable dec-
rease in their expression levels was observed compared with 
the control (Figure 3). The expression of FAM117B, ZNF395, 
PGAP3, and PIK3IP1, among other genes potentially linked to 
the development of SLE, was also investigated. A similar trend 
was observed in the expression of these genes (Figure 4). These 
findings highlight the potential significance of these genes in 
the pathogenesis of SLE and highlight the necessity for further 

investigation into the roles of these genes in immune dysregu-
lation and disease progression.

The hypermethylated genes most associated with SLE
Epigenetic phenomena have gained significant attention in un-
derstanding the molecular mechanisms of SLE. Although aber-
rant DNA methylation and histone modification have long been 
recognized as contributing factors to SLE pathogenesis, DNA 
hydroxymethylation has emerged as a relatively novel focus 
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Figure 1: Heatmap with the fold change of each selected related immune response gene in syste-
mic lupus erythematosus (SLE) disease

Figure 2: Expression profile of various immune response genes in systemic lupus erythemato-
sus (SLE) disease A. Expression of HLA-DQA1 in GSE72509 dataset B. Expression of HLA-DQA1 in 
GSE61635 dataset C. Expression of HLA-DQA1 in GSE38351 dataset D. Expression of HLA-DQA1 in 
GSE10325 dataset E. Expression of HLA-DMB in GSE38351 dataset F. Expression of HLA-DMB in 
GSE65391 dataset G. Expression of HLA-DMB in GSE61635 dataset H. Expression of HLA-DMB in 
GSE110174 dataset I. Expression of CCL5 in GSE110174 dataset J. Expression of CCL5 in GSE61635 
dataset K. Expression of CCL5 in GSE82221 dataset L.  Expression of CCL5 in GSE45291 dataset
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Figure 3: Expression profile of immune response family members in systemic lupus erythemato-
sus (SLE) disease A. Expression of HLA-DPA1 in GSE108497 dataset B. Expression of HLA-DPA1 in 
GSE72509 dataset C. Expression of HLA-DPA1 in GSE50772 dataset D. Expression of HLA-DPA1 in 
GSE45291 dataset E. Expression of HLA-DPB1 in GSE108497 dataset F. Expression of HLA-DPB1 in 
GSE110169 dataset G. Expression of HLA-DPB1 in GSE65391 dataset H. Expression of HLA-DPB1 
in GSE45291 dataset I. Expression of HLA-DRB3 in GSE45291 dataset J. Expression of HLA-DRB3 in 
GSE65391 dataset K. Expression of HLA-DRB3 in GSE110169 dataset L.  Expression of HLA-DRB3 
in GSE108497 dataset

Figure 4: Expression profile of immune response family members in systemic lupus erythema-
tosus (SLE) disease A. Expression of FAM117B in GSE108497 dataset B. Expression of FAM117B 
in GSE45291 dataset C. Expression of FAM117B in GSE82221 dataset D. Expression of FAM117B 
in GSE65391 dataset E. Expression of PIK3IP1 in GSE108497 dataset F. Expression of PIK3IP1 
in GSE110169 dataset G. Expression of PIK3IP1 in GSE50772 dataset H. Expression of PIK3IP1 
in GSE65391 dataset I. Expression of PGAP3 in GSE108497 dataset J. Expression of PGAP3 in 
GSE110169 dataset K. Expression of PGAP3 in GSE82221 dataset L.  Expression of PGAP3 in 
GSE65391 dataset M. Expression of ZNF395 in GSE108497 dataset N.  Expression of ZNF395 in 
GSE110169 dataset O.  Expression of ZNF395 in GSE50772 dataset P.  Expression of ZNF395 in 
GSE65391 dataset.
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Figure 5: Overview of analyzed methylation sites and genomic organization of related ge-
nes. A. HLA-DPA1 B. HLA-DPB1 C.  HLA-DMB D.  CCL5 E.  ZNF395 F. HLA-DQA1 G. FAM117B 
H. PGAP3 I. PIK3IP1. A boxplot illustrates the distribution of beta-values for individual CpG 
sites in both case and control samples. Each boxplot represents the beta values observed 
for a specific CpG site, with the middle line denoting the median value and the box en-
compassing the interquartile range. Red blots indicate healthy individuals and blue blots 
indicate systemic lupus erythematosus (SLE) patients
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Figure 6: Correlation of methylation and expression of related genes. A. HLA-DPA1 B. HLA-
DPB1 C.  HLA-DMB D.  CCL5 E.  ZNF395 F. FAM117B G. PGAP3 H. PIK3IP1. A scatter plot 
depicting the relationship between gene expression levels and mean methylation values 
of selected CpG sites is displayed. Each data point represents a sample, with the x-axis 
indicating the expression level of the gene and the y-axis representing the average meth-
ylation value across the specified CpG sites. Red blots indicate healthy individuals and blue 
blots indicate systemic lupus erythematosus (SLE) patients
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in epigenetic investigations because of its activating potential. 
Against this backdrop, an inquiry was undertaken to assess the 
influence of ten genes implicated in immune response methyla-
tion on SLE pathology using data from the GSE82221 dataset. 

These findings also revealed that 17 promoter-associated CpG 
islands were identified for HLA-DPA1, 8 for HLA-DPB1, 11 for 
HLA-DMB, six for CCL5, 11 for ZNF395, 1 for HLA-DQA1, six for 
FAM117B, 12 for PGAP3, and six for PIK3IP1 in patients with SLE 
(Figure 5 A, B, C, D, E, F, G, H, I). Inconsistencies were observed 
among all 10 genes when comparing the methylation levels of 
genes across GSE82221. Specifically, high methylation levels 
were detected for the HLA-DPA1, HLA-DPB1, HLA-DMB, CCL5, 
ZNF395, and HLA-DQA1 genes, whereas low methylation levels 
were observed for FAM117B, PGAP3, and PIK3IP1. Furthermo-
re, the CpG islands exhibiting the highest levels of methylati-
on were cg06437840, cg23750365, cg20600379, cg00447324, 
cg10627155, and cg13778567, respectively. The genes PIK3IP1, 
FAM117B, and PGAP3 exhibited methylation levels well be-
low 0.5 but did not demonstrate significant hypermethylation. 
In contrast, a specific subset of six genes, namely HLA-DPA1, 
HLA-DPB1, HLA-DMB, CCL5, ZNF395, and HLA-DQA1, mainta-
ined consistent methylation levels. The observed stability in 
methylation levels indicate  persistent epigenetic alterations 
compared with the hypermethylation patterns noted across 
all samples within this particular subset.

Relationship between methylation status and HLA-DPB1, 
CCL5, FAM117B, and ZNF395 gene expression in SLE
The interaction between immune response gene expression 
and methylation status is complex and multifaceted. DNA 
methylation is typically related to reduced expression or gene 
silencing, especially in promoter regions. This relationship is 
influenced by several factors, including the specific genes in-
volved, the methylation patterns of their regulatory regions, 
and the cellular and environmental contexts in which these 
genes are active.

This investigation aimed to explore the correlation between im-
mune response gene expression and methylation status in SLE. 
The study revealed that alterations in the expression of four 
genes, namely HLA-DPB1, CCL5, FAM117B, and PGAP3, were 
linked to hypermethylation in the CpG islands of these genes. 
In particular, methylation of CpG sites in the promoter regions 
of these genes inhibited their expression levels (Figure 6). The-
se results indicate that methylation plays a regulatory role in 
modulating the expression of immune response genes in SLE.

DISCUSSION

SLE is a complex inflammatory condition that affects various 
organs and has a known genetic component. Epigenetic mecha-
nisms (DNA methylation, histone modification) and mutations 
(polymorphism) are crucial for the regulation of gene expres-
sion (10). Alterations in DNA methylation patterns contribute 
to the aberrant immune responses characteristic of SLE. Spe-
cifically, changes in DNA methylation levels of genes involved 
in the regulation of T cell function, activation of B cells, and 

clearance of immune complexes have been implicated in SLE 
pathogenesis (20). These alterations may disturb the equilib-
rium of immune response, generating autoantibodies and the 
inflammatory cascades characteristic of SLE (21). Despite the 
identification of genes exhibiting altered expression in SLE, the 
underlying causes of these changes remain unclear. Therefore, 
this study aimed to elucidate the relationship between gene 
expression related to immune response and the development 
of SLE. Additionally, specific CpG methylation sites associated 
with SLE in patients were identified through the analysis of 
the analysis of publicly available datasets, integrating clinical, 
laboratory, and biological factors.

HLA-DQA1 and HLA-DMB encode the alpha and beta chains of 
the HLA-D protein, a major histocompatibility complex (MHC) 
class II molecule. MHC class II molecules are pivotal in the im-
mune system because they present antigens to T cells, initiating 
immune responses. Certain variants of these genes may be lin-
ked to an elevated risk of developing SLE (22-24). Studies have 
indicated that specific HLA-DQ and HLA-DM alleles are more 
common in individuals with SLE than in the general population 
(22, 25). In this study, the expression levels of HLA-DQA1 and 
HLA-DMB were higher in patients with SLE than in controls. 
These alleles could contribute to the autoimmune response in 
SLE by presenting self-antigens to T cells, which in turn triggers 
the production of autoantibodies and inflammation. 

HLA alleles can also stimulate an uncontrolled increase in the 
production of various cytokines, including tumor necrosis fac-
tor-alpha (TNF-α), interleukin-6 (IL-6), and interferon-gamma 
(IFN-γ), which play crucial roles in inflammation and immune 
responses (26). For instance, certain populations exhibit a he-
ightened risk of SLE with HLA-DR2, HLA-DR3, and HLA-DR4 alle-
les (23, 25). Shirakawa et al. demonstrated a notable decrease 
in the number of HLA-DR-positive monocytes and expression 
of HLA-DR antigens in active patients with SLE. These levels 
returned to normal in inactive SLE patients (25, 27). The dimi-
nished presence of HLA-DR-positive monocytes disrupts the 
regulation of immune response crucial for SLE development. 
The observed reduction in HLA-DR3 levels in this study might 
contribute to an aberrant immune response in patients with 
SLE, potentially intensifying disease progression (23, 25). Furt-
hermore, Takona et al. noted a marked elevation in HLA-DP+ 
T-cell counts among patients with SLE compared with healthy 
individuals. Concurrently, another study indicated that eleva-
ted HLA-DP levels in patients with SLE were correlated with 
increased T cell frequency and insufficient IL-2 expression (28). 
Moreover, any alteration in carbon metabolism has been shown 
to downregulate genes involved in the hypermethylation of es-
sential genes like RFC1 and MHC2TA while also affecting other 
critical genes such as HLA-DR by altering promoter CpG island 
methylation (29). Considering these mutational and epigenetic 
influences, the decline in HLA-DPA1, HLA-DPB1, and HLA-DRB3 
gene expression noted in SLE patients in this investigation could 
be linked to post-transcriptional elements such as DNA hyper-
methylation and polymorphism.
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CCL5 gene expression was downregulated in all datasets ex-
cept the GSE61635 dataset. This dataset investigated gene 
expression in the blood of patients with SLE positive for RNP 
autoantibodies. The presence of RNP autoantibodies can dis-
rupt the clearance of apoptotic cells, resulting in the release of 
self-antigens and subsequent activation of the immune system. 
Ultimately, RNP autoantibodies present in the blood of patients 
with SLE can disrupt immune responses, sustain inflammati-
on, and play a role in the development of the disease (30). 
FAM117B, or Family with sequence similarity 117 member B, 
is a protein-coding gene. Its exact role in SLE has yet to be fully 
understood. This study revealed that FAM117B is downregula-
ted in patients with SLE and is implicated in the pathogenesis 
of this disease. Upon encountering pathogen infection, the in-
terferon (IFN) pathway activation triggers the upregulation of 
IFN-stimulated genes, including proinflammatory cytokines, 
essential for robust antiviral immune reactions. Nevertheless, 
aberrant expression of these genes can pose risks to the host. 
ZNF395 has been recognized as a gene that operates indepen-
dently of IFN but boosts the IFN-mediated expression of che-
mokine (31). In this study, posttranscriptional modifications 
influenced the expression of ZNF395, and its irregular expres-
sion could play a role in the development of SLE. These results 
emphasize the intricate role of immune dysregulation in SLE 
and underscore the importance of these genes in driving the 
disease process.

In the present study, a subset of genes with consistent meth-
ylation levels, including HLA-DPA1, HLA-DPB1, HLA-DMB, CCL5, 
ZNF395, and HLA-DQA1, were identified. Consistent methyla-
tion levels across all samples indicate that these genes were 
hypermethylated. Unlike methylation levels, gene silencing is 
often associated with hypermethylation, although this relati-
onship is not always direct and may be influenced by additional 
regulatory mechanisms (32). Interestingly, the upregulation of 
hypermethylated genes, such as CCL5, HLA-DQA1, and HLA-
DMB, was observed. The regulation of gene expression is inf-
luenced by various mechanisms beyond methylation, such as 
specific transcription factors and histone modifications, which 
can override the repressive effects of DNA methylation (33). 
Although promoter hypermethylation generally results in gene 
silencing, methylation at different sites may have contrasting 
effects, including increased gene expression. Despite the ob-
served consistent methylation patterns in our analysis, the pre-
sence of technical and biological variability in high-throughput 
datasets like GSE61635 might influence gene expression dif-
ferences in individual samples. These findings highlight the 
intricate nature of epigenetic regulation, indicating that hyper-
methylation does not always lead to gene silencing. Further 
experimental investigations are necessary to elucidate the 
specific mechanisms driving gene expression patterns in pati-
ents with SLE (34). The present study also identified HLA-DPB1, 
CCL5, FAM117B, and ZNF395 as genes potentially regulated by 
methylation in SLE, with CpG methylation within their promoter 
regions likely exerting a suppressive effect on their expression 
levels. Aberrant DNA methylation is implicated as a contributing 
factor to the dysregulated expression of these genes in SLE, and 
other mechanisms, such as RNA interference, may also play a 

role. Further studies are needed to validate these findings and 
elucidate the precise regulatory mechanisms.

This study highlighted the complex network of immune res-
ponse genes and their regulatory elements, providing valuable 
insights into the molecular mechanisms underlying SLE pat-
hogenesis. Second, the potential use of epigenetic modificati-
ons, particularly DNA methylation, as biomarkers for disease 
diagnosis and prognosis of SLE was highlighted. By elucidating 
the role of specific genes and their epigenetic regulation in 
the development of SLE, this study provides a growing body 
of knowledge to better understand and manage this complex 
autoimmune disorder.

Limitations of the study
This study has several limitations. Despite extensive analyses 
across various cell and tissue types, further studies using additi-
onal cohorts and experimental models are required to confirm 
the results and determine their broader significance. Moreo-
ver, the cross-sectional design of this study precludes the es-
tablishment of causal relationships. The findings highlight the 
importance of longitudinal studies to elucidate the temporal 
patterns of gene expression and epigenetic regulation during 
the progression of SLE. Despite these limitations, these findings 
provide a solid foundation for future research efforts to unders-
tand the intricate mechanisms of SLE pathogenesis and identify 
novel therapeutic targets for this complex autoimmune disease.

CONCLUSION

This study underscores the intricate regulatory mechanisms 
of systemic lupus erythematosus (SLE), focusing on the roles 
of genetic and epigenetic factors. The present study revealed 
that alterations in DNA methylation patterns, particularly tho-
se of genes involved in immune response regulation, play a 
significant role in SLE pathogenesis. Notably, genes such as 
HLA-DQA1, HLA-DMB, CCL5, ZNF395, and others were found 
to exhibit consistent methylation levels, indicating that hyper-
methylation as a regulatory mechanism.  The present study also 
highlighted the potential of specific CpG methylation sites and 
gene expression profiles as biomarkers for SLE diagnosis and 
prognosis. The identification of differentially expressed genes, 
such as HLA-DQA1, HLA-DMB, CCL5, FAM117B, and ZNF395, 
linked to immune response dysregulation provides valuable 
insights into the molecular mechanisms driving SLE. These fin-
dings emphasize the importance of further experimental in-
vestigations to validate the observed methylation patterns and 
elucidate the regulatory mechanisms.

Informed Consent: Since this study utilizes data from a publicly 
available database, no direct contact with human subjects was 
made, and informed consent was not required. The data was 
accessed by the terms of use provided by the database.

Peer Review: Externally peer-reviewed.

Conflict of Interest: The author have no conflict of interest to 
declare.



Çaldıran  Regulation of immune response in SLE
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2024;7(3):150-159

159

Financial Disclosure: The author declared that this study has 
received no financial support.

REFERENCES

1. Tian J, Zhang D, Yao X, Huang Y, Lu Q. Global epidemiology of 
systemic lupus erythematosus: a comprehensive systematic 
analysis and modelling study. Ann Rheum Dis 2023;82(3):351-6. 

2. Ameer MA, Chaudhry H, Mushtaq J, Khan OS, Babar M, 
Hashim T, et al. An Overview of Systemic Lupus Erythematosus 
(SLE) Pathogenesis, Classification, and Management. Cureus 
2022;14(10):e30330. 

3. Ha E, Bae SC, Kim K. Recent advances in understanding the genetic 
basis of systemic lupus erythematosus. Semin Immunopathol 
2022;44(1):29-46.

4. Ashraf Antar E, Sun C, Looger LL, Hirose M, Salama M, Khalil 
NM, et al. Genome-wide association study for systemic 
lupus erythematosus in an egyptian population. Front Genet 
2022;13:948505.

5. Zharkova O, Celhar T, Cravens PD, Satterthwaite AB, Fairhurst AM, 
Davis LS. Pathways leading to an immunological disease: systemic 
lupus erythematosus. Rheumatology 2017;56(suppl_1):i55-66.

6. Davies EJ, Hutchings CJ, Hillarby MC, Donn RP, Cooper RG, Hay 
EM, et al. HLA-DP does not contribute towards susceptibility to 
systemic lupus erythematosus. Ann Rheum Dis  1994;53(3):188-90.

7. Pan L, Lu MP, Wang JH, Xu M, Yang SR. Immunological pathogenesis 
and treatment of systemic lupus erythematosus. World J Pediatr 
2019;16(1):19-30.

8. McHugh J. New evidence for the “cusp theory” to explain HLA 
associations in SLE. Nat Rev Rheumatol 2022;18(10):552. 

9. Richter P, Macovei LA, Mihai IR, Cardoneanu A, Burlui MA, Rezus 
E. Cytokines in Systemic Lupus Erythematosus-Focus on TNF-α and 
IL-17. Int J Mol Sci 2023;24(19):14413. 

10. Farivar S, Shaabanpour AF. Effects of Major Epigenetic Factors on 
Systemic Lupus Erythematosus. Iran Biomed J 2018;22(5):294-302.

11. Tiffin N, Adeyemo A, Okpechi I. A diverse array of genetic factors 
contribute to the pathogenesis of Systemic Lupus Erythematosus. 
Orphanet J Rare Dis 2013;8:2. 

12. Hedrich CM. Epigenetics in SLE. Curr Rheumatol Rep 2017;19(9):58. 
13. Araki Y, Mimura T. Epigenetic Dysregulation in the Pathogenesis of 

Systemic Lupus Erythematosus. Int J Mol Sci 2024;25(2):1019.
14. Pan L, Lu MP, Wang JH, Xu M, Yang SR. Immunological pathogenesis 

and treatment of systemic lupus erythematosus. World J Pediatr 
2019;16(1):19-30.

15. Barrett T, Wilhite SE, Ledoux P, Carlos Evangelista, Irene F Kim, 
Maxim Tomashevsky, et al. NCBI GEO: archive for functional 
genomics data sets--update. Nucleic Acids Res 2013;41(Database 
issue):D991-5 .

16. Li S, Rouphael N, Duraisingham S, Romero-Steiner S, Presnell S, 
Davis C, et al. Molecular signatures of antibody responses derived 
from a systems biology study of five human vaccines. Nat Immunol 
2014;15(2):195-204

17. Martorell-Marugán J, López-Domínguez R, García-Moreno A, 
Toro-Domínguez D, Villatoro-García JA, Barturen G, et al. A 

comprehensive database for integrated analysis of omics data in 
autoimmune diseases. BMC Bioinformatics 2021;22(1):343.

18. Love MI, Huber W, Anders S. Moderated estimation of fold change 
and dispersion for RNA-seq data with DESeq2. Genome Biol 
2014;15:550. 

19. R Core Team. R: A Language and Environment for Statistical 
Computing [Internet]. Vienna, Austria; 2016. Available from: 
https://www.R-project.org/

20. Hedrich CM, Mäbert K, Rauen T, Tsokos GC. DNA methylation in 
systemic lupus erythematosus. Epigenomics 2017;9(4):505-25.

21. Oaks Z, Perl A. Metabolic control of the epigenome in systemic 
Lupus erythematosus. Autoimmunity 2014;47(4):256-64.

22. Yen JH, Chen CJ, Tsai WC, Tsai JJ, Ou TT, Liu HW. HLA-DMA and HLA-
DMB genotyping in patients with systemic lupus erythematosus. J 
Rheumatol 1999;26(9):1930-3.

23. Kwon Y-C, Chun S, Kim K, Mak A. Update on the Genetics of 
Systemic Lupus Erythematosus: Genome-Wide Association Studies 
and Beyond. Cells 2019;8(10):1180. 

24. Horton R, Wilming L, Rand V, Lovering RC, Bruford EA, Khodiyar 
VK, et al. Gene map of the extended human MHC. Nat Rev Genet 
2004;5(12):889-99. 

25. Rasouli SA, Tahamoli RA, Behzad M, Hajilooi M, Solgi G. Clinical 
Relevance of HLA-DRB1 and -DQB1 Alleles in Iranian Systemic 
Lupus Erythematosus Patients. Iran J Allergy Asthma Immunol 
2021;20(1):67-75.

26. Richter P, Macovei LA, Mihai IR, Cardoneanu A, Burlui MA, Rezus 
E. Cytokines in Systemic Lupus Erythematosus-Focus on TNF-α and 
IL-17. Int J Mol Sci 2023;24(19):14413. 

27. Shirakawa F, Yamashita U, Suzuki H. Decrease in HLA-DR-positive 
monocytes in patients with systemic lupus erythematosus (SLE). J 
Immunol 1985;134(6):3560-2.

28. Tokano Y, Hishikawa T, Hirose T, Sekigawa I, Hashimoto H, Okumura 
K, et al. HLA-DP-Positive T Cells in Patients with Systemic Lupus 
Erythematosus. Autoimmunity 1990;5(3):179-83.

29. Rupasree Y, Naushad SM, Rajasekhar L, Kutala VK. Epigenetic 
modulation of RFC1, MHC2TA and HLA-DR in systemic lupus 
erythematosus: association with serological markers and six 
functional polymorphisms of one-carbon metabolic pathway. Gene 
2014;536(1):45-52. 

30. Liao X, Pirapakaran T, Luo XM. Chemokines and Chemokine 
Receptors in the Development of Lupus Nephritis. Mediators 
Inflamm 2016;2016:6012715.

31. Schroeder L, Herwartz C, Jordanovski D, Steger G. ZNF395 Is an 
Activator of a Subset of IFN-Stimulated Genes. Mediators Inflamm 
2017;2017:1248201.

32. Caldiran, FY, Berkel, C, Deveci, K, Cacan, E. In silico analysis of 
expression and DNA methylation profiles of NLRP13 inflammasome 
in tumor cells. Human Gene 2022;33:201067.

33. Caldiran F, Deveci K, Cacan E. Epigenetic insights into Familial 
Mediterranean Fever: Increased RGS10 expression and histone 
modifications accompanies inflammation in familial Mediterranean 
fever disease. Gene 2024;906:148222.

34. Hedrich CM, Mäbert K, Rauen T, Tsokos GC. DNA methylation in 
systemic lupus erythematosus. Epigenomics 2017;9(4):505-25.


