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a b s t r a c t

Background: The clinical manifestations of psoriatic arthritis (PsA) are highly heterogeneous and no reliable 
diagnostic biomarkers exist.
Objective: We explored the role of DNA methylation CpG markers in the diagnosis of PsA.
Methods: DNA methylation array was used to screen for differentially methylated sites (DMSs) in the dis
covery phase (PsA, n = 25; healthy controls [HCs], n = 19; psoriasis vulgaris [PsV], n = 20). In the validation 
phase, pyrosequencing was used to identify the DMSs in an expanded cohort (PsA, n = 60; HCs, n = 91; PsV, 
n = 48; rheumatoid arthritis [RA], n = 60). Logistic regression prediction models were established based on 
the identified DMSs for the diagnosis of PsA.
Results: A total of 17 DMSs differentiating PsA and HCs as well as 11 DMSs differentiating PsA and PsV were 
screened in the discovery phase. A total of six DMSs (chr14: cg07940072, chr14: 38061320, chr9: 
cg15734589, chr6: cg12800266, chr3: cg12992827, chr6: cg24500972) differentiating PsA and HCs and two 
DMSs (chr12: cg16459382, chr2: cg16348668) differentiating PsA and PsV were identified using pyr
osequencing. Three logistic regression prediction models were established based on the identified DMSs, 
which distinguished PsA, RA, PsV, and HCs (P  <  0.001). The models performed well in differentiating PsA 
from HCs, RA, and PsV (AUC: 0.858, 0.851, and 0.976, respectively).
Conclusions: The models based on methylated CpG sites are useful for distinguishing patients with PsA from 
HCs and those with RA or PsV and are a highly sensitive and specific diagnostic biomarker for PsA.

© 2022 Japanese Society for Investigative Dermatology. Published by Elsevier B.V. All rights reserved. 

1. Introduction

Psoriatic arthritis (PsA) is an immune-mediated inflammatory 
skin disease characterized by synovitis, enthesitis, dactylitis, and 
spondylitis, and is associated with skin and nail lesions [1]. The 

estimated prevalence of PsA ranges from 0.3 % to 1 % [1,2], and ap
proximately 30 % of psoriasis patients develop PsA [3,4]. Typically, 
joint symptoms of PsA appear 10 years after the onset of lesions; 
however, the symptoms can also manifest before or during the onset 
of lesions [1].

Arthritis is detrimental to the physical and mental health of PsA 
and is associated with a heavy clinical burden on patients [5,6]. 
Timely diagnosis and treatment can help prevent long-term damage 
and disability. However, the diversity of clinical features and non- 
specific symptoms of PsA, including skin and nail diseases, mastitis, 
uveitis, and osteitis, make the diagnosis challenging. To date, there 
are no reliable clinical diagnostic markers for PsA. Several studies 
have reported that HLA-B and C molecules and interleukin-13 gene 
polymorphisms are associated with PsA [7–10]. However, these 
markers are not currently used to make the diagnosis of PsA. Other 
potential biomarkers include interleukin-6, CXCL10, and circulating 
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microRNAs in extracellular vesicles, but there is no evidence of their 
usefulness [11–13].

Importantly, genetics is involved in the pathogenesis of PsA, but 
the concordance of disease in monozygotic twins is only 35–72 %, 
suggesting that epigenetic or environmental factors play a crucial 
role in PsA [14]. DNA methylation is involved in a variety of diseases, 
including tumor, metabolic, cardiovascular, and inflammatory dis
eases. Several studies have used DNA methylation sequences as di
agnostic or prognostic biomarkers of cancer and autoimmune 
diseases [15,16]. Our previous research found abnormal DNA me
thylation in peripheral blood mononuclear cells (PBMCs) and lesions 
in psoriasis vulgaris (PsV) patients [17,18]. Recent studies have de
monstrated that different DNA methylation signatures are found in 
peripheral blood CD8+ T cells of PsA patients compared to PsV and 
healthy individuals [19,20], suggesting the involvement of DNA 
methylation in the pathogenesis of psoriasis and its potential use as 
diagnostic biomarkers for psoriasis.

This study aimed to identify diagnostic methylation biomarkers 
for PsA. Accordingly, we performed DNA methylation array in a 
discovery cohort and identified six CpG sites between PsA and 
healthy controls (HCs), and two CpG sites between PsA and PsV in a 
validation cohort. Based on validated CpGs, logistic regression pre
diction models were established and the application value of the 
model in the diagnosis for PsA was evaluated by receiver operator 
characteristic (ROC) curve analysis.

2. Material and methods

2.1. Study design

In the discovery phase, we screened for differentially methylated 
sites (DMSs) from the peripheral blood among the PsA, PsV, and HC 
groups using the Illumina 850 K array. In the validation phase, the 
DMSs were validated in an expanded cohort (PsA, n = 60; PsV, n = 48; 
rheumatoid arthritis [RA], n = 60; HCs, n = 91) using pyrosequencing. 
Then, we constructed three logistic regression prediction models for 

PsA based on validated CpGs. Finally, we evaluated the diagnostic 
value of the prediction models for PsA by ROC curve analysis (Fig. 1).

2.2. Patient cohorts

Whole blood samples were obtained from PsA, PsV, RA patients, 
and HCs. PsA was diagnosed based on the CASPAR criteria [21]. RA 
was diagnosed based on the ACR diagnostic criteria [22]. Peripheral 
blood collection was approved by the Clinical Research Ethics 
Committee of the Second Xiangya Hospital, China. Written informed 
consent was obtained from study participants before sample col
lection.

2.3. Genome-wide DNA methylation analysis

Genomic DNA was extracted from peripheral blood (Thermo 
Fisher Scientific, Waltham, MA, USA) and bisulfite converted (Zymo 
Research, Irvine, CA, USA). Genome-wide DNA methylation was 
analyzed using the Illumina 850K array. We calculated the mean- 
difference β-value (Δβ) and P value between groups for 746,970 CpG 
sites. For absolute Δβ  >  0.1 and P  <  0.05, we considered the probe to 
be differentially methylated. The detailed description of data ana
lysis was presented in the online supplementary text. After the first 
filtering, CpGs were selected using least absolute shrinkage and se
lector operation (LASSO) algorithm.

The methylation levels of screened CpG sites were measured by 
pyrosequencing. Bisulfite-modified DNA was amplified using specific 
primer pairs. Amplification and sequencing primers for CpGs were 
presented in Tables S1 and S2; PyroMark Gold Q24 reagent was used 
for pyrosequencing to evaluate DNA methylation levels.

2.4. Cell isolation

PBMCs were separated from whole blood of 10 patients with PsA 
and PsV, and 10 HCs by density gradient centrifugation. We sorted 
CD4+ T cells, CD8+ T cells, CD19+ B cells, and CD14+ monocytes by 
using Miltenyi beads according to the manufacturer’s instructions.

Fig. 1. Workflow chart demonstrating the identification of methylated CpG markers. We used the discovery data set containing 25 psoriatic arthritis (PsA) samples, 20 psoriasis 
vulgaris (PsV) samples, and 19 healthy controls (HCs) to screen differentially methylated sites (DMSs) using Least Absolute Shrinkage and Selector Operation (LASSO) algorithm. 
We identified 17 DMSs differentiating PsA patients and HCs, and 11 DMSs differentiating PsA and PsV patients. Then, we identified the DMSs using pyrosequencing and established 
three logistic regression models based on the identified DMSs to distinguish PsA from HCs and RA and PsV patients. We evaluated the effectiveness of CpG sites-based models as 
diagnostic markers.
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2.5. Functional annotation, regulatory enrichment, and pathways

Gene ontology (GO) and KEGG pathway enrichment analyses 
were performed using the R package cluster profile based on genes 
enriched by the DMSs between groups [23]; We evaluated whether 
the associated CpG sites were enriched in cell type-specific reg
ulatory elements using the eFORGE v2.0 online tool [24], including 
five histone mark categories and 15 Chromatin Hidden Markov 
Models (ChromHMMs) chromatin states.

2.6. Statistical analysis

We performed a one-way ANOVA or unpaired t-test to analyze 
DNA methylation levels between groups. The clinical diagnosis of 
PsA, HCs, RA, and PsV was used as the dependent variable (Y), and 
DNA methylation characteristics were used as the independent 
variable (X) to establish the logistic regression model. We used ROC 
curve analysis to calculate the area under curve (AUC) for the effi
ciency of diagnosis of PsA. A two-sided P  <  0.05 was considered 
significant.

3. Results

3.1. Study cohorts

In the discovery cohort, we screened for DMSs from PsA patients 
(n = 25), PsV patients (n = 20), and HCs (n = 19). In the validation 
phase, the DMSs were verified in a larger cohort (PsA, n = 60; PsV, 
n = 48; RA, n = 60; HCs, n = 91).Detailed descriptions of the clinical 
characteristics of participants were summarized in Table S3.

3.2. Genome-wide DNA methylation analysis

In the discovery phase, we performed a genome-wide DNA me
thylation study in peripheral blood from PsA and PsV patients, and 
19 HCs using the Illumina 850K array. Principal component analysis 
(PCA) revealed a clear cluster separation between PsA and HCs and 
between PsA and PsV, indicating distinct methylation patterns as
sociated with disease status (Fig. 2a). There were 571 DMSs between 
PsA patients and HCs (Fig. 2b, Table S4) (Absolute Δβ  >  0.1; P  <  
0.05), and 135 DMSs between PsA and PsV patients (Fig. 2c, Table 
S5) (Absolute Δβ  >  0.1; adjusted P  <  0.05).

Next, we performed GO-term enrichment analysis, which re
vealed distinct functional enrichment of DMSs (P  <  0.05; Fig. 2d–g). 
Within the GO biological processes for the genes enriched in sig
nificant DMSs between PsA and HCs, cellular response to inter
feron–γ and interferon–γ–mediated signaling pathways were the 
most related functions (Fig. 2d). KEGG analysis showed that the 
genes with DMSs between PsA and HCs were enriched in Th1, Th2, 
and Th17 cell differentiation, inflammatory bowel disease, and type I 
diabetes mellitus pathways (Fig. 2e). Within the biological processes 
for the genes with significant DMSs between PsA and PsV, phos
phatidylglycerol metabolism, CDP–diacylglycerol metabolism, car
diolipin metabolism, and CDP–diacylglycerol biosynthesis were the 
most related functions (Fig. 2f). The associated genes were enriched 
in glycerophospholipid and glycerolipid metabolism pathways 
(Fig. 2g).

The regulatory enrichment analysis showed that the PsA/HCs 
-associated CpG sites were enriched in H3K4me1, H3K4me3, and 
H3K36Me3 specific histone modifications in blood cells, including 
monocytes, lymphocytes, and hematopoietic stem cells (Fig. S1a–c, 
P  <  10−5). To predict disease-relevant cell types, we investigated the 
ChromHMM state, which suggested that enhancers and weak gene 
transcription were associated with DMSs mainly in the blood and 
mesenchymal cells, and adipose, lung, digestive, thymus cells (Fig. 

S2, P  <  10−5). No cell-specific enrichment was observed for PsA/PsV 
-associated CpG sites.

Next, we performed the LASSO algorithm to screen the most 
differential CpGs for differentiating between PsA, HCs, and PsV 
groups. We selected 17 CpGs differentiating PsA and HCs (Table S6, 
Fig. 3a), and 11 CpGs differentiating PsA and PsV as final markers 
(Table S7, Fig. 3c). The heatmap (Fig. 3a and c) showed the procedure 
for the identification of the methylation sites. The methylation levels 
of the 17 CpGs in PsA were markedly lower than those in HCs 
(Fig. 3b); in addition, 11 CpGs showed greater methylation levels in 
PsA compared to PsV samples (Fig. 3d).

3.3. Identification of differentially methylated CpG sites

We analyzed methylation levels of the screened 17 and 11 CpGs 
on an expanded cohort of samples using pyrosequencing. As a result, 
six DMSs (chr14:cg07940072, chr14: 38061320, chr9:cg15734589, 
chr6:cg12800266, chr3:cg12992827, and chr6:cg24500972) be
tween PsA and HCs, and two DMSs (chr12: cg16459382 and chr2: 
cg16348668) between PsA and PsV were identified. The methylation 
levels of all six CpGs were lower in blood from PsA patients than HCs 
(P  <  0.01, Fig. 4a–f, Table S8). Compared to RA samples, the methy
lation levels of cg12800266, cg12992827, and cg24500972 were 
higher in PsA samples (P  <  0.05, Fig. 4d–f, Table S8). In addition, 
methylation levels of the two validated DMSs were significantly 
higher in PsA compared to PsV samples (P  <  0.001, Fig. 4g–h, Table 
S9). We also checked the methylation status of neighboring CpGs 
located within less than 300 bp of the identified CpG sites in the 
850 K array data and found that only cg12800266 had two neigh
boring CpGs within 300 bp among the identified CpGs sites that 
could distinguish PsA and HCs, and both were significantly hypo
methylated (P  <  0.05, Table S10), which were consistent with the 
methylation status of cg12800266. And there were three neigh
boring CpGs of the two identified PsA/PsV-associated CpGs, one of 
which was significantly hypermethylated, like cg16459382 
(P  <  0.05, Table S10).

3.4. Construction of the logistic regression prediction models

The markers identified by pyrosequencing were used to classify 
and predict PsA, PsV, RA, and HC samples. We constructed three 
logistic regression prediction models based on the identified CpG 
sites to distinguish between PsA and HCs, PsA and RA, and PsA and 
PsV. The models selected the CpG site of the six CpGs (chr14: 
38061326, chr14: 38061320, chr9:cg15734589, chr6:cg12800266, 
chr3:cg12992827, and chr6:cg24500972) as independent variables 
(X) to establish the logistic regression model to classify PsA, HCs, and 
RA samples, and each CpG site of the two CpGs (chr12:cg16459382 
and chr2: cg16348668) as independent variables (X) to establish the 
logistic regression model to classify PsA and PsV samples.

3.5. ROC curve analysis of the logistic regression prediction models

We used ROC curves to estimate the probability of the models to 
predict PsA. The logistic regression model showed an AUC of 
0.858  ±  0.032 (P  <  0.001) for distinguishing PsA patients from HCs, 
with a sensitivity of 76.7 % and specificity of 84.6 % (Fig. 5a). In 
comparison, the logistic regression model showed an AUC of 
0.851  ±  0.035 (P  <  0.001) for distinguishing PsA and RA patients, 
with a sensitivity of 70% and specificity of 88.3 % (Fig. 5b). The ROC 
curve analysis for distinguishing between PsA and PsV patients 
showed that the methylation levels of cg16459382 and cg16348668 
had great AUC values of 0.916  ±  0.027 and 0.945  ±  0.023, respec
tively. The sensitivity and specificity of cg16459382 and cg16348668 
methylation levels for PsA were 100 % and 70.8 %, and 87.5 % and 
91.5 %, respectively (Fig. 5c). In addition, the logistic regression 
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model showed an AUC of 0.976  ±  0.013 (P  <  0.001) for distin
guishing between PsA and PsV patients, with a sensitivity of 95.8 % 
and specificity of 89.4 % (Fig. 5d).

3.6. DNA methylation of validated CpG sites in peripheral blood cells

CD4+ T cells, CD8+ T cells, CD19+ B cells, and CD14+ monocytes 
were positive beads sorted from PBMCs and we observed that the 
methylation profile of the six CpG sites that could distinguish PsA 
and HCs in the four types of cells was not completely the same as 
those in whole blood (Fig. 6a–f), For example, cg15734589, 
cg12992827, and cg24500972 in CD8+ T cells (Fig. 6c, e, f) and 
cg12800266 and cg12992827 in CD19+ B cells (Fig. 6d and e) were 

hypermethylated in PsA compared to HCs. CpG site cg16459382 was 
significantly hypermethylated in the four types of cells in PsA than 
that in PsV, which was consistent with the results in whole blood 
(Fig. 6g, P  <  0.05). CpG site cg16348668 was hypermethylated only 
in the CD19+ B cells (P  <  0.05) and was no difference in the other 
three types of cells in PsA compared to PsV (Fig. 6h).

4. Discussion

In this study, we used a methylation microarray to identify DMSs 
in whole blood and used pyrosequencing to identify crucial CpGs. 
Subsequently, we constructed logistic regression models to predict 
PsA. We showed that the DMSs in peripheral blood can distinguish 

Fig. 2. Differentially methylated CpG sites in patients with psoriatic arthritis (PsA) compared to healthy controls (HCs) and biological processes of differentially methylated genes. 
PCA showed a clear cluster separation between PsA patients, HCs, and psoriasis vulgaris (PsV) patients (a). (b and c) Volcano plot showing the mean methylation differences 
between PsA patients and HCs (x-axis) versus log-transformed P values (y-axis); between PsA and PsV patients (x-axis) versus log-transformed P values (y-axis). (b) 571 CpG sites 
with an FDR  <  0.05 were considered significantly differentially methylated between PsA patients and HCs. (c) 135 CpG sites with an FDR <  0.05 were considered significantly 
differentially methylated between PsA and PsV patients. Red dots correspond to significantly hypermethylated CpG sites and green dots correspond to significantly hypo
methylated CpG sites in the peripheral blood of PsA patients compared to PsV patients and HCs (P  < 0.05). (d and f) Functional enrichment analysis was performed on the genes 
associated with significant DMSs between PsA patients and HCs. GO biological processes and KEGG pathways are shown. Significance is indicated as − log10 P value. (e and g) 
Functional enrichment analysis was performed on the genes associated with significant DMSs between PsA and PsV patients. GO biological processes and KEGG pathways are 
shown. Significance is indicated as − log10 P value.
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PsA patients from HCs and PsV and RA patients, suggesting that DNA 
methylation is a potential diagnostic and predictive biomarker 
for PsA.

The clinical manifestations of psoriasis precede arthritis by an 
average of 10 years in most cases and approximately 70 % of patients 
have no arthritis symptoms at the early stage. Furthermore, joint 

Fig. 3. Heatmap and Tukey boxplots of the differentially methylated sites identified by the least absolute shrinkage and selector operation algorithm in the discovery cohort. There 
were 17 hypomethylated sites between psoriatic arthritis (PsA) and healthy control (HC) groups (a and b), and 11 hypermethylated sites between PsA and psoriasis vulgaris (PsV) 
groups (c and d). Red represents PsA samples, blue represents PsV samples, and yellow represents HC samples. Statistical significance for all analyzes were ns, no significance; 
*P  <  0.05; **P  <  0.01; ***P  <  0.001; ****P  <  0.0001.

Fig. 4. DNA methylation levels of the six identified differentially methylated sites (DMSs) between psoriatic arthritis (PsA) and healthy controls (HCs), and two DMSs between PsA 
and psoriasis vulgaris (PsV). (a–f) show six CpGs that were significantly hypomethylated in the peripheral blood of patients with PsA compared to HCs (P  <  0.01 for all com
parisons). (d–f) show three CpGs that were significantly hypermethylated in the peripheral blood of PsA patients compared to patients with rheumatoid arthritis (RA) (P  <  0.05 for 
all comparisons). (g-h) show two CpG sites that were significantly hypermethylated in the peripheral blood of PsA patients compared to PsV patients (P  <  0.0001 for all 
comparisons). Statistical significance for all analyzes were ns, no significance; *P  <  0.05; **P  <  0.01; ****P  <  0.0001.

M. Deng, Y. Su, R. Wu et al. Journal of Dermatological Science 108 (2022) 39–47

43



Fig. 5. Receiver operating characteristic (ROC) curves, sensitivities, and specificities of the logistic regression prediction models in the validation cohort. (a–b) show the ROC 
curves of the logistic regression prediction models based on the six differentially methylated sites (DMSs) in patients with psoriatic arthritis (PsA) compared to healthy controls 
(HCs) (a) and patients with rheumatoid arthritis (RA) (b). (c–d) show the ROC curves of the DMSs (c) and the logistic regression prediction model (d) based on the two DMSs in 
patients with PsA compared to those with psoriasis vulgaris (PsV).

Fig. 6. The comparison of DNA methylation levels for validated CpGs in CD4+ T cells, CD8+ T cells, CD19+ B cells, and CD14+ monocytes from the peripheral blood of 10 patients 
with psoriatic arthritis, psoriasis vulgaris, and 10 healthy controls. The result showed that the methylation profile of the six CpGs that could distinguish PsA and HCs in the four 
types of cells was not completely the same as those in whole blood (a–e). One of PsA/PsV-associated CpGs, cg16459382 was significantly hypermethylated in the four types of 
immune cells in PsA compared to PsV (g, P  <  0.05). Another PsA/PsV-associated CpG site, cg16348668 was significantly hypermethylated only in the CD19+ B cells (h, P  <  0.05) and 
was no difference in the other three types of cells in PsA compared to PsV (h). Statistical significance for all analyzes were ns, no significance; *P  <  0.05; **P  <  0.01.
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destruction is irreversible in PsA and there are frequent relapses and 
joint stiffness, leading to disability. Therefore, early diagnosis of PsA 
can allow early measures to prevent joint damage.

In previous studies, HLA-B gene [25], HLA-C*06, HLA-B*27 [9], 
serum biomarkers (including high-sensitivity CRP, osteoprotegerin, 
CXCL10, interleukin-6, and M2BP) [26–30], and circulating extra
cellular vesicles (let-7b-5p and miR-30e-5p) [11] were considered 
potential diagnostic biomarkers for PsA. However, no useful diag
nostic biomarkers for PsA are available due to the frequently non
specific symptoms.

DNA methylation is involved in cancer, RA, systemic lupus er
ythematosus (SLE), diabetes, and coronary heart disease [31–36]. 
Several studies have reported DNA methylation in psoriasis. A pre
vious study described significant DMSs in psoriatic lesions compared 
to uninvolved psoriatic and normal skin using Illumina 27K Beadchip 
[37]. Other studies [38–40] also used Illumina 450K Beadchip to 
screen for aberrant DNA methylation in psoriatic lesions and HCs 
and found skin-specific CpGs that play crucial roles in the patho
genesis of psoriasis. These studies mainly focused on abnormal 
methylation of psoriasis lesions. In this study, we evaluated the DNA 
methylation patterns in peripheral blood. A recent study has iden
tified that multiple CpGs in whole blood are differentially methy
lated in PsV and PsA patients compared to HCs [20], which is 
consistent with the results of our study. Another study showed that 
different DNA methylation patterns in peripheral blood CD8+ T cells 
of PsA patients compared to HCs, which allows the differentiation of 
PsA from PsV and HCs and reflects the activity of psoriasis[19]. Our 
study showed different DNA methylation characteristics in periph
eral blood of PsA compared to PsV and HCs. However, no correlation 
was found between DNA methylation and disease activity. A recent 
genome-wide meta-analysis revealed the genetic differences be
tween PsA and PsV[41]. Genetic mutations may influence DNA me
thylation modifications, and there is a close relationship between 
genetic mutations and DNA methylation modifications, which can be 
further studied in the future.

The key to early diagnosis of PsA based on the methylation pat
terns is the identification of critical CpGs. Thus, we integrated all 
critical CpGs identified by pyrosequencing into a single logistic re
gression model, which improved the diagnostic accuracy of the 
model over individual CpGs. Our findings showed that the model 
based on the six CpGs had a sensitivity and specificity to distinguish 
PsA from HCs and RA of 76.7 % and 84.6 %, and 70 % and 88.3 %, re
spectively. The logistic regression model based on the two CpGs 
differentiated between PsA and PsV with a sensitivity of 95.8 % and 
specificity of 89.4 %, which had better sensitivity and specificity than 
the previously reported circulating microRNA biomarkers in extra
cellular vesicles[11]. This logistic regression model is helpful in the 
differential diagnosis of PsA and PsV and would allow early diagnosis 
of PsA before joint damage. Timely diagnosis and treatment reduce 
joint damage, deformities, and comorbidities, thereby leading to 
improved overall outcomes. Therefore, DNA methylation analysis 
holds promise as a diagnostic and prognostic tool for the in
dividualized treatment of psoriasis patients.

Peripheral blood contains various kinds of blood cells, some of 
which may affect the DNA methylation level of whole blood. We 
refer to some reasons for the DNA methylation change in whole 
blood cells, though only some cells differ between PsA and HCs. First, 
it is possible that other cells have no change in number but have 
changed in function. The DNA methylation we detect in gDNA ex
tracted from whole blood reflects the overall status and function 
changes of peripheral blood cells. Second, changes in the number of 
the small proportion of blood cells may affect overall DNA methy
lation changes of peripheral blood cells. Third, there are some ex
amples of the identification of diagnostic markers of DNA 
methylation from peripheral blood. For example, previous studies 
have identified DNA methylation profiles in SLE peripheral blood 

cells, validated significantly CpGs, and developed the IFI44L me
thylation diagnostic marker for SLE [15]. In addition, we investigated 
the DNA methylation changes of four major immune cells in per
ipheral blood. The validated DMSs from whole blood which reflect 
the overall status and function changes of blood cells may not be 
completely consistent with the methylation changes of a particular 
cell subclass in the blood. The DNA methylation changes in CD4+ T 
cells, CD8+ T cells, CD19+ B cells, and CD14+ monocytes indicate that 
psoriatic status affects a wide range of epigenetic processes in im
mune cells. Furthermore, psoriatic lesions also contain various im
mune cells, we can investigate DNA methylation changes of the 
identified CpGs in the immune cells in psoriatic lesions in future 
studies.

GO analysis revealed the enrichment of the DMSs between PsA 
and HCs affected distinct pathways, including type I diabetes mel
litus, inflammatory bowel disease, viral myocarditis, Th17, Th1, and 
Th2 cell differentiation, among which Th17 cell has been proven to 
be one of the key immune cells in the pathogenesis of PsA. Th17 cells 
are increased in the synovial fluid and circulation of PsA patients 
[42]. Previous studies have demonstrated that PsA is associated with 
obesity, diabetes mellitus, hypertension, metabolic syndrome, fatty 
liver, uveitis, cardiovascular events, and inflammatory bowel disease 
[4,43,44]. Multiple enriched genes with DMSs are previously re
ported as being associated with PsA pathogenesis. For example, HLA, 
the gene in which cg27083089 is located, is reported to be the 
susceptibility gene for PsA and specific HLA susceptibility genes 
might define sub-phenotypes of PsA. And cg22697477 locates in 
RUNX1, which is the transcription factor that promotes Th 17 cell 
differentiation and is involved in the IL-23/IL-17 signaling pathway 
[45]. These results suggest that DNA methylation may play a role in 
the development of PsA.

GO analysis revealed the enrichment of the DMSs between PsA 
and PsV affected glycerophospholipid and glycerolipid metabolism 
pathways. Previous studies have confirmed that dyslipidemia, obe
sity, and metabolic syndrome are more common in PsA compared to 
PsV [46,47]. These lipid abnormalities are related to disease activity 
in psoriasis [46]. The increase in psoriatic lesions and synovial-en
theseal complexes promotes insulin resistance and increase the re
lease of TNF-α [48], indicating a relationship between lipid 
metabolism disorders and skin and joint damage. Studies have re
ported abnormal fatty acid composition in PsA and PsV patients 
compared to HCs, while PsA patients had a significantly higher 
proportion of saturated fatty acids than PsV patients [47]. This 
suggests a close relationship between PsA and metabolic co
morbidities.

The regulatory annotations showed enrichment for H3K4me1, 
H3K4me3, and H3K36Me3 histone marks overlapping the significant 
DMSs, which are associated with enhancer, promoter, and tran
scribed regions, respectively. Further, the significant DMSs were 
found to be related to the enhancers and weak transcription of 
chromatin state in blood cells. These results reveal the association 
between cell-type specific chromatin states and differential DNA 
methylation in PsA, suggesting interactions between epigenetic 
processes regulating gene expression.

Although our study demonstrated that DNA methylation can be 
used as a diagnostic and predictive biomarker, the limitations of this 
study should be noted. First, the Illumina 850K array mainly reflects 
DNA methylation of CpG sites near the gene promoter and CpG is
land regions, accounting for a small fraction of the known 28 million 
CpGs of the human epigenome. This limitation is somewhat re
medied by whole genome bisulfite sequencing, as it covers about 
90 % of all the genomic sites, which can better reflect genomic DNA 
methylation. Second, this was not a prospective study, the changes in 
methylation patterns in patients who progressed from initial PsV to 
PsA are unclear. Thus, the specific role of the candidate biomarkers 
in PsA needs to be further evaluated in prospective studies. 
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Furthermore, the biological mechanisms underlying the candidate 
markers are still unknown. Finally, the sample size of our study was 
relatively small, and prospective, multicenter studies are needed to 
further validate the diagnostic ability of the CpG-based models.

In conclusion, we built logistic regression models based on CpG 
sites to distinguish PsA patients from PsV and RA patients, and 
healthy individuals; accordingly, we demonstrated that DNA me
thylation was involved in the pathogenesis of PsA and may be a good 
biomarker for its diagnosis.
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