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ABSTRACT
Background: Ankylosing spondylitis (AS) is a chronic autoimmune 
disorder characterized by the fusion of vertebral joints and axial 
arthritis. The programmed death-1 (PD-1) inhibitory receptor has a 
pivotal role in controlling T cell function and may have a significant 
impact on the pathogenesis of autoimmune diseases such as AS 
pathogenesis.
Objective: To investigate PD-1 gene expression and its epigenetic 
regulation by detecting methylated CpG islands in the regulatory 
sites of the gene. This will provide insight into the mechanisms 
involved in the disease.
Methods: 30 AS patients and 30 healthy individuals were examined 
to detect the 16 CpG islands in intron 1 using bisulfite conversion and 
methylation-specific PCR technique. In addition, RNA samples were 
isolated from fresh peripheral blood mononuclear cells (PBMCs), 
and after complementary DNA (cDNA) synthesis, the expression 
level of the PD-1 gene was evaluated using Real-Time PCR.
Results: The CpG islands located in the intronic zone of the PD-1 
gene were hyper-methylated in both the patients with AS and the 
healthy controls. The gene expression of PD-1 was significantly 
downregulated in AS patients compared with the controls (p=0.017). 
A negative correlation between the Bath Ankylosing Spondylitis 
Disease Activity Index and PD-1 gene expression was also revealed.
Conclusion: The low level of PD-1 gene expression is implicated in 
the pathogenesis of AS. However, in both groups, the methylation 
level of the intron 1 CpG islands of the PD-1 gene suggests that other 
regulatory mechanisms are more relevant to PD-1 gene expression 
than methylation in the intron.
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INTRODUCTION

Ankylosing spondylitis (AS) is the most 
common type of Spondyloarthropathies 
(SpA) that mainly affects the lower spine and 
sacroiliac joints. However, AS patients often 
experience peripheral arthritis, enthesitis, 
and certain extra-articular manifestations, 
suggesting an extended autoimmune condition 
(1, 2). Disease progression can lead to the 
fusion of the axial skeleton, and limited spinal 
mobility, ultimately resulting in significant 
severe deformities and physical disability 
in the long term. Furthermore, specific 
extra-articular complications, in particular 
cardiovascular and respiratory injuries, 
have the potential to be life-threatening (3). 
Although the precise etiology of ankylosing 
spondylitis is unknown, a combination of 
genetic and environmental factors, including 
immune regulatory genes, dietary patterns, 
air pollution, and physical trauma, contribute 
to the initiation and progression of chronic 
inflammation (1, 4, 5).

Ankylosing spondylitis typically impacts 
young males, with different prevalence 
based on geographical and ethnic variations. 
The estimated prevalence of AS is 0.24% 
in Europeans, 0.17% in Asians, 0.32% in 
North Americans, and 0.10% among Latin 
Americans (6). However, it is less common in 
African and Japanese people since these groups 
have a lower prevalence of the main genetic 
factors associated with AS, such as human 
leukocyte antigen (HLA)-B27 (7). Although 
HLA-B27 accounts for approximately 20% 
of the genetic risk in AS (8), genome-wide 
association studies have implied some non-
HLA genes also involved in triggering the AS 
pathogenesis (9, 10). Moreover, the analysis of 
transcriptional profiles utilizing microarray 
technology on the entire blood samples of 
individuals with AS has shown changes in 
genes related to inflammation, as well as 
genes implicated in the regulation of cartilage 
and bone metabolism (11). Aside from HLA-
27, the main genes linked to AS pathogenesis 
are endoplasmic reticulum aminopeptidase 1 

(ERAP1), IL-23R (12, 13), and co-inhibitory 
receptors like programmed cell death protein 
1 (PD-1) and cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) (14). The PD-1 
gene, also known as PDCD1, encodes the 
PD-1 protein, which acts as a receptor located 
on the surface of immune cells. PD-1 plays a 
crucial role in regulating immune responses 
and preventing autoimmunity. Most immune 
cells, including activated T cells, dendritic 
cells (DCs), natural killer (NK) cells, B 
lymphocytes, and monocytes contain PD-1 
on the cell surface (15). PD-1 expression is 
stimulated by transcription factors nuclear 
factor of activated T cells (NFAT), NOTCH, 
and Forkhead box protein (FOX) O1 (16). 
It acts as a checkpoint to prevent T cell 
activation and maintain immune tolerance. 
Studies indicate that peripheral tolerance 
induction and maintenance depend on 
the PD-1/PD-L pathway; therefore, any 
dysfunction in this pathway could potentially 
lead to autoimmunity. The dysregulation 
of PD-1 gene expression in ankylosing 
spondylitis may contribute to immune system 
dysfunction and the chronic inflammation 
observed in affected individuals (17).

A crucial alteration known as DNA 
methylation entails the methyl group being 
attached to a DNA molecule, typically at 
cytosine residues in CpG dinucleotides. 
This modification can alter the accessibility 
of the DNA to transcription factors and 
other regulatory proteins, thereby impacting 
gene expression. In mammals, more than 
98% of DNA methylation takes place in 
CpG islands found in somatic cells (18). 
These regions are distinguished by a high 
density of CpG dinucleotides, often located 
in promoter regions, enhancer elements, 
and other cis-regulatory elements that 
control gene expression (19). In the context 
of the PD-1 gene, DNA methylation in the 
regulatory regions can directly affect the 
interaction between transcription factors 
and other regulatory proteins, leading to 
changes in PD-1 gene expression. Multiple 
studies have shown that distinct DNA 
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methylation patterns in CpG islands located 
in the promoter regions are associated with 
modified PD1 gene expression (20, 21). For 
instance, hypermethylation of the promoter 
region has been linked to a decrease in PD-1 
expression (22). 

However, there are still limited studies 
investigating the methylation status of other 
cis-regulatory elements located within 
CpG islands and their effects on PD-1 gene 
expression. This study aims to evaluate 
the expression level of the PD-1 gene and 
investigate the methylation pattern of a cis-
regulatory elements of the PDCD1 gene 
located in intron one. Further investigation 
of the involvement of PD-1 in AS may offer 
insightful information about the mechanisms 
underlying the disease and potential 
therapeutic targets. 

MATERIALS AND METHODS 

Patients
Thirty patients with AS were recruited from 

a single center (Rheumatology Department, 
Imam Khomeini Hospital, Tehran, Iran). 
Modified New York classification criteria 
were used to confirm the diagnosis of AS 
(23). Additionally, a control group consisting 
of 30 normal individuals who were age and 
gender-matched, participated in the study. 
Disease severity and functional disabilities 
were assessed using the BASDAI (24) and 
BASFI (25, 26) indices, and BASMI (26), 
BAS-G (27) and ASQoL (28) indices to 
evaluate different aspects of AS. Allergic 
or autoimmune diseases were used as 
exclusion criteria for both groups in the 
study. Additionally, healthy individuals 
with close family members affected by 
spondyloarthropathies were excluded. 
Peripheral blood samples were collected 
from individual participants after obtaining 
informed consent. All the techniques carried 
out in the present study involving human 
participants followed the guidelines set by 
the institutional research committee and were 

in compliance with the Helsinki Declaration 
and its later amendments, or comparable 
ethical standards. The study has obtained the 
ethical approval of the Tehran University of 
medical sciences (Code: IR.TUMS.CHMC.
REC.1398.055). Patients signed informed 
consent regarding publishing their data. The 
demographic characteristics of the studied 
population are presented in Table 1.

Preparation of PBMC for RNA and DNA 
Extraction

The method of density gradient was used 
to extracte peripheral blood mononuclear 
cells (PBMCs) by Ficoll-Hypaque (29). 

DNA Extraction Procedure
A phenol-chloroform technique was 

applied for DNA extraction. Briefly, the 
cell and nuclear membranes are dissolved 
by sodium dodecyl sulfate (SDS) and 
proteinase K. Organic solvents like phenol 
and chloroform are used to collect the cell 
debris, and then DNA is precipitated, washed, 
dried, and redissolved in solution buffer (30). 

Bisulfite Conversion for DNA Treatment
Bisulfite conversion: According to the 

manufacturer’s instruction (Promega. 
inc USA), 20 μl of each DNA sample was 
deposited into a 200 μl microcentrifuge 
tube. After adding 130 μl of bisulfite ME 
conversion, a brief centrifugation was 
performed. The reaction was incubated using 
a thermocycler in the following manner: The 
sample was heated for 8 min at a temperature 
of 98 °C, followed by a further 60 min at 
a temperature of 54 °C. Subsequently, the 
samples were stored at 4 °C and protected 
from light, for a maximum duration of 20 h.

DNA desulfonation and maximum 
duration of 20 h: To process each sample, the 
ME spin column was inserted into one of the 
provided collection tubes, and following an 
addition of 600 μl of ME to the column. The 
bisulfite-treated samples were transferred 
to the column. Then, the samples were 
centrifuged at maximum speed (≥10000 ×g) 
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for 30 seconds. A volume of 100 μl of 1X ME 
wash buffer (with ethanol added) was added 
and centrifuged at maximum speed for 30 
seconds. Next, 200 μl of ME desulfonation 
buffer was added to each ME spin column 
and incubated at room temperature for a 
duration of 15 min. Subsequently, it was 
rotated at maximum speed for 30 seconds. 
Then we added, 200 μl of ME wash solution 
and spun at the highest speed for 30 seconds. 
This step was repeated. Then the DNA was 
eluted in 10μl of ME elution after spun at 
maximum speed. The ME spin column was 
then removed and discarded. The eluted DNA 
was stored at a temperature of 4 °C, protected 
from light, and used for PCR amplification.

DNA Targeting Amplification 
The desired amplicon is a CpG island 

within intron one with 388 base pair (bp) 

length located at the 2q37.3 band. The 
primer encompassed a total of 16 CpG sites. 
The Methprimer 2.0 website (http://www.
urogene.org/methprimer2) was applied for 
primer designe. The forward sequence of 5′- 
TAGAATTGGAGATTTTGGGTAAAAG 
-3′ and reverse of 5′-AAATAACCACATCT 
AAATCAAAACCC-3′ with the amplicon 
size 388 bp. The targeted segments were 
amplified through the standard protocols. 
The gel electrophoresis was used for the 
validation of the amplification process (Fig. 1).  
Afterward, the samples were sequenced by 
Macrogen in Seoul, Korea. The CodonCode 
Aligner version 2 software was applied for 
analyzing the results. 

RNA Extraction and Complementary DNA 
Synthesis 

RNA was extracted using the High Pure 

Table 1. Demographic data of ankylosing spondylitis patients and the healthy controls

p-valueHealthy Controls
(n=30)

AS Patients
(n=30)

ns26(86.6%)26(86.7%)MaleGender ns4(13.3%)4(13.3%)Female
ns8.77±35.028.94±34.7                   Age
ns2(6.7%)9(30%)YesSmoking ns28(93.4%)21(70%)No
--0.9±4.59       Disease Duration (Y)
--22(73.3%) PositiveHLA-B27 --8(26.7%)Negative
--2.36±4.15               BASDAI
--2.33±2.77               BASMI
--3.17±2.71               BASFI
--3.16±4.76               BAS-G
--5.42±6.43               ASQoL
--14(46.7%)YesFamily History --16(53.3%)No

                Drugs
--5(16.6%)              NSAIDs 
--2(6.6%)             DMARDs 
--3(10%)              Biologic
--6(20%)     NSAIDs+DMARDs
--3(10%) NSAIDs+DMARDs+ Biologic 
--11(36.6%)        No drug (new patient)

HLA: Human leukocyte antigen; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath 
Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; BAS-G: 
Bath Ankylosing Spondylitis Global Score; ASQoL: Ankylosing Spondylitis Quality of Life; DMARD: Disease-
modifying anti-rheumatic drugs; NSAID: Non-steroidal anti-inflammatory drugs; TNF: Tumor necrosis factor; 
ns: Not significant
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RNA Isolation kit (ROJE Technologies, Iran) 
through the standard protocol. The quality 
of RNA was analyzed with a NanoDrop 
ND1000, Thermo Scientific. The absorbance 
ratios of A260/A280 within the range of 1.8 
to 2.2 and the A260/A230 ratios of 2 to 2.2 
were acceptable. The complementary DNA 
(cDNA) was synthesized using a Transcriptor 
First Strand cDNA Synthesis kit (ROJE 
Technologies, Iran) (31).

Expression of PDCD1 Gene 
The gene expression experiment utilized 

the following primers: PDCD1-forward: 
CAGCCTGGTGCTGCTAGTCTG; reverse: 
GTCCACAGAGAACACAGGCAC, GPDH-
forward: GTCTCCTCTGACTTCAACAGCG; 
reverse: ACCACCCTGTTGCTGTAGCCAA, 
manufactured by Methabion (Germany) and 
then compared with the reference gene of 
glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) (32). All the tests were conducted 
in a duplicate form and contained two non-
template controls and then analyzed by relative 
quantification mRNA expression=(2−∆Ct) 
×103 (31, 33). 

Statistical Analysis
Data were presented as mean±standard 

deviation (SD) or mean±standard error of 
the mean (SEM). Kolmogorov–Smirnov 
test examined the normality of the sample 
population. The independent sample T-test, 
Pearson chi-square, and odds ratio tests were 
also performed . P-values less than 0.05 were 

considered significant (SPSS 26.0; SPSS Inc., 
Chicago, USA).

RESULTS

Demographic and Clinical Characteristics 
of the Patients and the Control Group

The AS patients and the healthy individuals 
were matched for sex, age, and smoking. 73.3% 
of the patients were HLA-B27 positive, and 
46.7% had a family history of spondylitis. Non-
steroidal anti-inflammatory drugs (NSAID) 
used by the patient group were naproxen, 
indomethacin, or piroxicam; disease-
modifying anti-rheumatic drugs (DMARDs) 
included methotrexate, Hydroxychloroquine, 
or sulfasalazine, and biologic agents (anti-
tumor necrosis factor) were Remicade 
(infliximab), Enbrel (etanercept), Humira 
(adalimumab), administrated alone or in 
combination. Clinical and demographic 
characteristics of the patients and the controls 
are summarized in Table 1. 

PD-1 Gene Expression in the AS and the 
Healthy Controls

PD-1 gene expression in the healthy 
individuals was significantly higher than in 
the AS patients (95.91±22.25 vs. 32.15±12.55 
(mean±SEM), p=0.017). Moreover, in the 
patients group, the expression of the PD-1 gene 
showed a negative correlation with the BASDI 
disease index, with a Pearson correlation of 
0.34 and p-value of 0.041 (Fig. 2).

Fig. 1. Graphical information about the PDCD1 gene from the UCSC genome browser. Red boxes indicate 
1: the location of the PD-1 gene on chromosome 2, 2: the target CpG island, and 3: the candidate Cis-
Regulatory Elements (cCREs) enhancer.
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Sequencing Results of Intron-1 CpG 
Methylation 

The sequenced target DNA, with 388 bp 
length, covered a CpG island within intron one 
with 230 bp of length and 18 GCs inclusion. 
This position is a regulatory region susceptible 
to candidate Cis-Regulatory Elements (cCREs) 
enhancer attachment. Upon examining all 
the CpG sites together, methylation analysis 
revealed hypermethylation in intron-1 of the 
PD-1 gene in both the AS patients and the 
healthy controls. Therefore, there was no 
significant difference between the two groups 
(Figs. 1, 3-5).

DISCUSSION

In this study, it was found that the level 

of PDCD1 gene expression in patients is 
significantly lower than that in those of 
the healthy ones, and this decrease had 
a significant negative relationship with 
the disease activity index, BASDAI.  

Fig. 2. (A) PD-1 gene expression in the healthy group was significantly higher than in the AS patients 
(*p<0.05); (B) negative correlation between PD-1 expression and BASDAI score (r: 0.34, p=0.041).

Fig. 3. A gel electrophoresis image of PCR 
products from people with AS and the healthy 
control group (CAS) after bisulfite treatment.

Fig. 4. A representative result of aligned sequences. The sequencing results of the three patients (P1-P3) 
the 3 controls (C1-C3), aligned to the reference sequence, are shown here. The green Cs are cytosines 
converted to thymidine through bisulfite treatment, and the red Cs are the ones methylated in CpGs.
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The methylation pattern of the investigated 
intronic region was not significantly different 
from normal subjects in terms of methylation 
percentage, and all CpG islands of this region 
were completely hypermethylated, similar to 
what was seen in the control group.

Autoimmune diseases are multifactorial 
disorders that have unknown triggers and 
produce unpredictable outcomes. Studies have 
shown that both environmental elements and 
genetic ones can contribute to the pathogenesis 
of autoimmune disorders. In recent years, the 
field of epigenetics has seen significant growth 
and has become a prominent area of research for 
understanding disease development. Studies 
on autoimmune diseases (AIDs), such as AS, 
suggest that both genetics and environmental 
factors play a major role in triggering these 
diseases. It is now believed that environmental 
factors can alter self-antigens through post-
translational modifications or molecular 
mimicry, leading to immunological responses. 
Therefore, comprehending the development 
of AS necessitates a thorough understanding 
of epigenetics. 

The PD-1 molecule is an altering 
regulator of T cells. Previous studies have 
demonstrated a higher percentage of CD4+ 
T cells in the AS patients compared with the 
healthy ones. However, those with AS who 
have more severe disease activity exhibit 
notably lower percentages of PD-1+CD3+ T 
cells and PD-1+CD4+ T cells. These findings 

have indicated that the higher number of T 
helper cells without PD-1 may be associated 
with joint destruction and the consequent 
spinal radiologic manifestations in AS 
patients (10, 34). Additionally, two PD-1 gene 
polymorphisms have shown a correlation 
with increased susceptibility to AS. The 
frequency of the T allele of the PD-1.9 T/C 
polymorphism was higher in the Korean male 
population with AS than in the control group. 
The frequency of the CT haplotype (PD-1.5 
C/T and PD-1.9 T/C) was also higher in the AS 
patients (35). Furthermore, the development 
of AS appears to be associated with the 
combined genotypes of PD-1 G-536A, PD-
L1 A8923C, and PD-L2 C47103T (36).

Studies have shown that methylation 
of the promoter region regulated the PD-1 
gene expression. This is supported by the 
observation of an inverse correlation between 
promoter methylation and PD-1 mRNA 
levels (21). A study has demonstrated that 
the dysfunction of methylation mechanisms 
and altered microRNA patterns play a role 
in the development of rheumatoid arthritis 
(RA) (37); likewise, it has been found that 
DNA methylation at the regulatory region of 
PDCD1 was lower in RA patients compared 
with the healthy controls (38). A study 
by Varun Sasidharan Nair et al. revealed 
significant hypo-methylation of multiple 
immunological checkpoints, including PD-1 
the CpG islands in the promoter regions, in 

Fig. 5. Comparison of methylated CGs percentage in AS patients and the healthy controls in 16 covered 
CpGs (from CpG3-CpG18).
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primary breast tumor cells compared with 
normal tissues (39).

There is evidence to show that DNA 
methylation has a role in AS pathogenesis. For 
example, a study found that individuals with 
AS had higher levels of promoter methylation 
in the BCL11B gene compared with the 
healthy controls. The study also demonstrated 
an association of hyper-methylation of CpG3 
and CpG5 with the risk of developing AS (40). 
The elevated hyper-methylation of the IRF8 
gene promoter in AS patients, compared with 
the healthy controls, provides evidence for the 
involvement of epigenetic dysregulation in 
patients (41). In addition, studies have shown 
that two CpG islands (IL-12B-1, IL-12B-2) 
were hyper-methylated in individuals with AS 
in comparison with the healthy controls (42). It 
was also discovered that the methylation level 
of the DNMT1 promoter was significantly 
higher in AS patients compared with the 
control group; however, this increase in 
methylation level was not significantly related 
to the gene expression (43). 

As described here, the majority of the studies 
are focused on the promoter region of PD-1 
gene; however, other regulatory sequences 
also play a pivotal role in regulating the gene 
expression. PD-1 gene has two CpG islands 
the first covered in intron and is suggested 
to be a cis-regulatory element, potentially 
serving as an attachment site for an enhancer 
protein. In the present study, our main focus 
was on the evaluation of the methylation level 
of the PDCD1 gene at the regulatory region 
inside the intron 1. We discovered that this 
gene is hyper-methylated in both the AS 
patients and the healthy controls; however, 
the gene expression of PD-1 was significantly 
lower in AS patients. This discovery reveals 
that methylation of this location does not have 
a significant effect on PD-1 expression, but 
it does highlight the important involvement 
of regulatory genes in AS pathogenesis. 
This study is limited to the one CpG island, 
that covered 16 out of 18 CGs in this region. 
However, it is recommended to examine 
the methylation status of both CpG islands. 

Although the study population is sufficient 
according to the statistical analysis, the greater 
sample size would enhance the precision of 
the results and enable the identification of 
significant associations.

Consequently, these findings indicate 
that PD1-relative gene expression decreased 
in the AS patients. However, the regulatory 
mechanisms responsible for this reduction 
are not clear. The methylation of other cis-
elements in the PD-1 gene or other epigenetic 
modifications such as non-coding RNAs, 
could potentially influence the gene expression 
of PD-1. Obviously, further research is 
required to clarify the dysregulations of DNA 
modification in ankylosing spondylitis.

CONCLUSION 

According to recent studies, the PD-1 gene 
is significantly involved in the development 
of AS. The decreased expression of the PD-1 
gene in the AS patients suggests a potential 
involvement of epigenetic regulation. More 
precisely, the methylation level of CpG 
islands in regulatory sites, mainly in intron 
1 of the PDCD1 gene, was observed to be 
hyper-methylated in both the AS patients 
and the healthy individuals. Despite similar 
methylation levels, the expression of the PD-1 
gene was disrupted in the AS patients. Further 
investigation is required to understand the 
underlying mechanisms and consequences 
of these findings in the development of AS.
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