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ABSTRACT.	 The recent availability of large-scale genomic datasets in psoriatic disease, combined with advances in molec-
ular tools, next-generation genomic technologies, and informatics, has led to a better understanding of the 
genomic basis of psoriatic arthritis (PsA). Although no current genetic tests exist for the management of 
PsA, the potential for early diagnosis and treatment orientation through genomic studies remains a source of 
continued optimism. Ongoing studies aim to advance the stratification, prognosis, and pharmacogenomics 
of PsA. This review highlights recent advances in the genomics of PsA, focusing on genomic variants that 
may become clinically actionable. We will discuss the importance of elucidating family history, highlight 
potential clinically significant psoriatic genes, emphasize genetic variants that may identify PsA among 
patients with psoriasis, and explore the emerging roles of transcript profiling, single-cell sequencing, and 
spatial omics in PsA.
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Psoriatic arthritis (PsA) is a complex, multifactorial disease 
that affects approximately 20% to 30% of patients with psori-
asis (PsO), influenced by a combination of genetic, mechanical, 
metabolic, microbial, and environmental factors.1 From a genetic 
perspective, PsA can be considered a disease within a disease, as 
there is significant overlap between the genetic factors associ-
ated with PsO and those linked to PsA. This overlap complicates 
efforts to isolate the genetic contributions specific to inflamma-
tory arthritis. Despite these challenges, extensive research has 
underscored the important role of genetic predisposition in 
the pathogenesis of PsA.1 Genetic epidemiological studies on 
patients of North European ancestry estimate the heritability of 
PsO to be between 50% and 90%,2 whereas estimates for PsA 
range from 80% to 100% for this same group.3 
	 Major genetic risk factors for PsA are primarily located within 
the MHC class I region, particularly the HLA-B alleles, which are 
also associated with specific clinical subtypes of PsA. In contrast, 
HLA-C*06 is recognized as the most significant risk allele for 
PsO. Genome-wide association studies (GWAS) have identi-
fied numerous susceptibility loci, including variants involved in 
antigen processing, as well as loci within the interleukin (IL) 23/
IL-17 axis, nuclear factor (NF)-κB signaling, and innate immune 
pathways.4 Although the cellular mechanisms underlying most 
genetic associations remain poorly understood, polygenic risk 

scores (PRS) and Mendelian randomization (MR) have provided 
valuable insights and may offer some clinical utility.
	 To further enhance our understanding of the disease mecha-
nisms underlying PsA, it is imperative to investigate pathogenic 
cell types and integrate genomic/epigenomic, transcriptomic, 
proteomic, and metabolomic data with functional genomics 
through computational techniques. In this review, we will high-
light some of the major advances in psoriatic disease (PsD) 
over the past 5 years that may offer clinical utility, and discuss 
emerging studies in single-cell sequencing, spatial transcrip-
tomics, and transcript profiling. We selected articles that we 
considered relevant for the reader, though this does not consti-
tute a systematic review.

Overlooking a family history of PsD is a missed opportunity
According to the classification criteria for PsA, Classification 
Criteria for Psoriatic Arthritis (CASPAR), a family history 
of PsO is a core element in classifying PsA.5 Epidemiological 
studies have reported that the heritability of PsA is 3 to 10 times 
greater in PsA than PsO.3,6 However, these heritability estimates 
from clinic-based studies are influenced by the population prev-
alence of PsA, meaning they vary depending on the underlying 
disease prevalence. With the advent of large-scale GWAS, it is 
now possible to estimate the heritability of PsA using a method 
known as single-nucleotide polymorphism–based heritability 
(h²SNP). This method offers unbiased variance estimates, 
independent of population prevalence.7 Two previous studies 
have indicated that h²SNP for cutaneous PsO (PsC) and PsA 
is similar.8,9 These h2SNP studies suggest that having a family 
history of either PsO or PsA confers similar susceptibility risks 
for the proband.
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	 A previous study from an international longitudinal PsA 
cohort in Turkey indicates that clinical manifestations of 
patients with PsA can differ based on whether there is family 
history of PsC or PsA.10 Specifically, a family history of PsC is 
associated with a higher likelihood of enthesitis in the proband 
with PsA. In contrast, a family history of PsA is linked to earlier 
onset of articular disease, more substantial joint deformities, and 
a reduced risk of plaque PsO. Further validation of these find-
ings with an independent, well-phenotyped cohort is nonethe-
less necessary.
	 Additionally, previous clinical studies have reported an excess 
of paternal transmission, suggesting that fathers are more likely to 
pass on PsA and PsO than mothers.11,12 However, these studies 
are vulnerable to recruitment bias, such as through incomplete 
family member ascertainment and variable ages of onset for 
PsA. Lakhal-Chaieb recently developed score-type statistics that 
account for sampling bias, providing additional statistical support 
for the observed increased risk of paternal transmission in PsA.13

	 Given this evidence, it is important to take note of a family 
history of PsD among first-degree relatives. Clinicians should 
consider documenting whether the family history pertains to 
PsC or PsA, as well as the mode of parental transmission.

Assessing causality of potential risk factors and associated 
diseases in PsA: results from MR studies
Epidemiological studies in PsA have consistently identified 
several modifiable risk factors associated with the disease, partic-
ularly smoking, obesity, and hyperlipidemia.14 PsA is also linked 
to various extramusculoskeletal conditions, such as inflam-
matory bowel disease (IBD) and anterior uveitis.14 However, 
establishing causation and the direction of these associations 
has proven challenging. MR studies aim to shed light on these 
relationships. By tagging known single-nucleotide polymor-
phisms (SNPs) associated with modifiable risk factors or related 
diseases, researchers can assess the causal effects of exposures on 
PsA using MR, even in the presence of unobserved confounding 
factors.15

	 Numerous validated methods exist for conducting MR 
studies, and these approaches have subtle differences in instru-
ment selection, modeling, and statistical inference procedures.16 
The inverse-variance weighted method is the most commonly 
used MR approach, often complemented by sensitivity analyses, 
pleiotropy assessments, and heterogeneity tests to ensure the 
robustness of the findings.16 All MR studies operate under the 
assumption that (1)  the genetic variant is associated with the 
exposure, (2)  there is no common link (confounder) between 
genetic variant and outcome, and (3) the genetic variant influ-
ences the outcome solely through that exposure.17

	 Based on epidemiological studies, a convincing association 
exists between obesity and PsD.18 MR studies in PsD indicate 
that an increased BMI may lead to PsO and PsA. Budu-Aggrey 
et al found that a higher BMI causally increases the odds of 
developing PsO by 9% for every 1-unit increase in BMI, 
whereas no reverse association was noted between genetic 
predisposition for PsD and BMI.19 A study involving European 
and Japanese cohorts also highlighted a significant causal rela-

tionship between genetically increased BMI and the risk of 
PsO.20 Additionally, Zhao et al suggested that genetic predis-
position to a larger childhood body size is associated with an 
increased risk of developing PsA; this was not observed for 
rheumatoid arthritis (RA) or radiographic axial spondyloar-
thritis (r-axSpA).21

	 Population-based studies have indicated an association 
between hyperlipidemia and PsD that is independent of 
obesity.22 Based on these findings, Zhou et al conducted an MR 
study of cholesterol and PsO. They demonstrated that high levels 
of total cholesterol and low-density lipoprotein cholesterol are 
genetic risk factors for PsO.23 This was further validated by Xiao 
et al, who found that genetic predisposition to high-density lipo-
protein and high triglyceride levels was associated with incident 
PsO, particularly in women.24

	 The association between IBD, particularly Crohn disease 
(CD), and PsA is well established.14 An MR study by Li et al 
suggests that genetic predisposition to IBD is associated with an 
increased risk of PsO, specifically for CD rather than ulcerative 
colitis.25 Regarding bidirectionality, genetic predisposition to 
PsO was not associated with IBD, and for PsA only a marginal 
association with IBD was noted.25 Cai et al also confirmed that 
genetic predisposition to IBD, particularly CD, is associated 
with an increased risk of both PsO and PsA.26

	 MR studies investigating the causal relationships between 2 
autoimmune diseases must be interpreted with caution due to 
the potential for shared genetic underpinnings. Violating the 
key assumption that there is no common confounder linking the 
genetic variant to the outcome can lead to biased results. This 
concern is particularly relevant in the context of autoimmune 
diseases, which are often polygenic and exhibit pleiotropy.15 In 
these cases, genetic variants may influence the disease through 
multiple pathways, complicating the interpretation of causal 
relationships.
	 Moreover, MR studies can yield conflicting results due to 
various factors, including selection bias, insufficient statistical 
power, a limited number of instrumental variables, the pleio-
tropic effects of SNPs associated with other exposures, and issues 
related to population stratification and linkage disequilibrium. 
The presence of multiple gene-environment interactions and 
time-varying exposures also present significant challenges for 
MR studies, as the genetic instruments used may not adequately 
capture these dynamic relationships.15 Additionally, it is crucial 
to assess the biological plausibility of the proposed causal 
pathways, as MR can test only hypotheses that are genetically 
mediated.
	 The large number of MR studies recently published, 
including those in rheumatic diseases, highlights the importance 
of understanding these nuances to advance research in complex 
immune-mediated rheumatic conditions. To strengthen causal 
inferences, it is essential to triangulate MR findings with other 
lines of evidence and conduct thorough sensitivity analyses.15 By 
addressing these limitations, researchers can enhance the robust-
ness of MR as a tool for elucidating the complex relationships 
between exposures and autoimmune diseases while minimizing 
false claims.
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Update on genome-wide significant variants in PsD
Given the interrelatedness of PsO vulgaris and PsA, recent 
advances in the genomics of PsO are potentially relevant to 
PsA and will be briefly highlighted here. An international PsO 
consortium recently completed a metaanalysis of 18 GWAS, 
representing the largest and most comprehensive genetic associa-
tion study in PsO.27 The metaanalysis involved 36,466 PsO cases 
and 458,078 controls, and interrogated 11,808,957 autosomal 
variants. One-hundred nine distinct PsO susceptibility loci were 
identified, 45 of which were not previously reported before the 
metaanalysis.  As anticipated, the most substantial peak was 
noted within the MHC region. However, the peak within the 
MHC region was broad, suggesting significant linkage disequi-
librium in this region and multiple independent associations 
in addition to HLA-Cw*06:02.27 Approximately half of the 
variance (46.5%) predisposing patients to PsO was from SNPs 
outside the MHC region, mainly in the noncoding areas. These 
noncoding variants do not encode deleterious protein changes, 
but some have been implicated in regulating transcription and 
epigenetic modulation.
	 Dand et al also set out to identify variants encoding dele-
terious proteins and identified 24 association signals with at 
least 1 variant with altered or truncated protein sequences.27 
These susceptibility variants could be mapped to known genes 
of importance in the pathogenesis of PsD, such as IL23R, 
TRAF3 interacting protein 2 (TRAF3IP2), and tyrosine kinase 
2 (TYK2), and in the targeted pathways for therapies known 
to be efficacious in the treatment of PsD, including IL23A and 
IL12B for IL-23 inhibitors; tumor necrosis factor, alpha-in-
duced protein 3 (TNFAIP3), which encodes A20, an inhibitor 
of TNF signaling; and the 5΄ untranslated region of IL17RA, 
which is encoded by the IL-17RA subunit.27

	 Regarding PsA specifically, the genetic loci that have reached 
genome-wide significance were recently summarized by Soomro 
et al, and include B3GNT2, coiled-coil domain containing 
116 (CCDC116), chorionic somatomammotropin hormone 2 
(CSH2), DENN domain-containing protein 1B (DENND1B), 
F-box and leucine rich repeat protein 19 (FBXL19), inter-
feron induced with helicase C domain 1 (IFIH1), IL12B, IL13, 
IL23R, NF-κB inhibitor ζ (NFKBIZ), nitric oxide synthase 2 
(NOS2), peroxiredoxin 5 (PRDX5), protein tyrosine phospha-
tase nonreceptor type 22 (PTPN22), REL, runt-related tran-
scription factor 3 (RUNX3), signal transducer and activator 
of transcription 2 (STAT2), TNFAIP3 interacting protein 1 
(TNIP1), TRAF3IP2, and TYK2.28 These PsA loci were iden-
tified by large-scale genotyping efforts among PsO cohorts with 
documented PsA or from exclusive PsA cohorts. Numerous 
other genetic variants have been proposed to be associated with 
PsA, particularly in the pre-GWAS era. However, these associa-
tions have not reached statistical significance, and most have not 
been replicated.
	 Rahmati et al performed an in-depth integrative analysis 
of PsA-weighted loci.4 They found 9 immune pathways to be 
particularly enriched, and those involved with innate immunity, 
antigen processing and presentation, as well as the Th-17 pathway, 
were the most robust and relevant from a therapeutic perspec-

tive.  Genes involved in the innate system included TNIP1, 
FBXL19, REL, NFκB inhibitor α (NFKBIA), TNFAIP3, and 
NOS2, and in the interferon (IFN) signaling included TYK2, 
IFN-λ receptor 1 (IFNLR1), IFIH, and PTPN22. Disruption 
of antigen processing and presentation can lead to inappropriate 
targeting and destruction of cells, contributing to PsA and genes 
associated with PsA, including MHC class I polypeptide-related 
sequence A (MICA), killer cell Ig-like receptor (KIR2DS2), 
endoplasmic reticulum aminopeptidase 1 (ERAP1), ERAP-2, 
RUNX3, HLA complex P5 (HCP5), and Toll-like receptor 4 
(TLR4). Finally, genes involved in the IL-23/IL-17 axis that 
were identified included IL12B, IL23R, IL23A, TYK2, and 
TRAF3IP2, and multiple variants of TNFα were identified, 
including TNFα-238A/G and TNFα-857T/C.

Can currently identified genetic loci facilitate identification 
of PsA among patients with PsO?
Theoretically, a gene specific to PsA could help identify inflam-
matory arthritis in patients with PsO, significantly assisting clini-
cians. However, the identification of genetic variants unique to 
PsA has been challenging. Recent efforts have compared patients 
with PsC, defined as PsO without arthritis, to those with PsA, 
and have generated interesting results, even though they are not 
yet clinically actionable.
	 Presently, PsA-specific variants are limited and reported 
primarily in selected HLA alleles and a handful of non-MHC 
genes. The relative risk associated with these individual suscep-
tibility alleles is modest. The HLA-B alleles HLA-B*27:05, 
HLA-B*39:01, HLA-B*38:01, and HLA-B*08:01 are consis-
tently associated with an increased risk of developing PsA, 
whereas HLA-B*44:02 is associated with a decreased risk.29 In a 
detailed analysis of the MHC region, Okada et al identified that 
the presence of glutamate at amino acid position 45 of HLA-B 
significantly increased the risk of PsA compared to PsO alone.30 
This association was more pronounced than with previously 
identified alleles in the HLA-B locus and persisted even after 
accounting for other associated HLA alleles, such as HLA-B*08, 
HLA-B*27, HLA-B*38, and HLA-B*39.30

	 Regarding PsA disease expression, HLA-B*08:01 is associ-
ated with a higher risk of peripheral arthritis, joint damage, anky-
losis, and asymmetrical sacroiliitis. HLA-B*27:05 demonstrated 
the strongest association with axial PsA, symmetrical sacroi-
liitis, enthesitis, and dactylitis.30-32 Additionally, HLA-C*06:02 
occurred less frequently in PsA than in PsO vulgaris, and was 
linked to an earlier onset of PsO and longer intervals between 
the onset of skin manifestations and inflammatory arthritis.29

	 An SNP-based analysis by Stuart et al identified genetic loci 
encompassing IL23R and TNFAIP3 that likely exhibit a specific 
effect on PsA.33 Importantly, these loci were not in linkage 
disequilibrium with any known PsO signal. Bowes et al also noted 
a distinct PsA-specific variant at the IL23R locus (rs12044149), 
which remained highly significant even after controlling for the 
PsO SNP (rs9988642), thereby providing strong evidence for a 
unique PsA risk variant.34 This finding has been confirmed in an 
independent cohort.35 However, the effect sizes of all these vari-
ants are quite small, with odds ratios between 1.1 and 1.4.
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	 PRS have been successfully developed for r-axSpA, demon-
strating promising discriminative ability, with superiority over 
magnetic resonance imaging and HLA-B27 and C-reactive 
protein testing.25 Patrick et al used a machine learning algorithm 
with 200 genetic variants to differentiate between PsA and 
PsC, achieving a receiver-operating characteristic (ROC) curve 
score of 0.82.36 A similar study involved a comparison of 5065 
patients with PsA and 21,286 healthy controls, alongside 4340 
patients with PsA and 6431 patients with PsO without arthritis.9 
However, this model demonstrated poor internal and external 
validation, showing the most discriminatory power as close to 
0.6 when tested against independent datasets.9

Pharmacogenomics
The therapeutic response to biologic and targeted synthetic 
agents varies significantly among individuals, suggesting that 
pharmacogenetic profiling may help tailor therapy. Prior phar-
macogenetic studies have indicated that specific genetic vari-
ants within selected genes, such as TNFα, TNFAIP3, TNFR1, 
TNFR1A, TNF receptor superfamily member 1A (TNFRSF1A), 
TRAIL-R1, TNFRSF10A, FCGR2A, and FCGR3A, are associ-
ated with anti-TNF response in PsA.37 Variants in some genes, 
such as MYD88 (rs7744) are associated with good response to 
TNF inhibitor (TNFi) agents, whereas others, such as TNF-308 
(rs1800629) and TNF-238 (rs361525), were associated with 
poor response to TNFi agents in PsA. Most of these studies are 
small in scale, having marginal effect sizes and yielding nonrep-
licated results. Currently, no specific variant has been identi-
fied that robustly predicts drug response to PsA. It is a similar 
scenario for PsO, apart from ustekinumab response among 
HLA-C*06:02 carriers. A metaanalysis by van Vugt et al, with 
> 1000 patients, noted that the median 75% improvement from 
baseline Psoriasis Area and Severity Index (PASI75) response 
among HLA-C*06:02 carriers was 92%, compared to 67% 
among those who do not carry this allele, resulting in a signifi-
cant difference in favor of HLA-C*06:02–positive patients.38

	 Miyagawa et al categorized patients with PsA by identi-
fying specific immunophenotypes through peripheral blood 
lymphocyte analysis and noted enhanced therapeutic responses 
in joint and skin scores compared to standard biologic therapy 
use.39 In this small Japanese study, 64 patients were identi-
fied as either T helper 1 (Th1) cell–predominant type, Th17  
cell–predominant type, Th1/Th17–high type, or Th1/Th17–
low type and were given ustekinumab, secukinumab, secuk-
inumab or TNFi, and TNFi, respectively. After 6 months, 
patients stratified based on peripheral immunophenotypes 
showed a greater reduction in their Simplified Disease Activity 
Index score and the extent of their PsO, which was assessed by 
a PASI score. This immunophenotyping approach is currently 
being replicated in the Optimising Psoriatic Arthritis Therapy 
with Immunological Methods to Increase Standard Evaluation 
(OPTIMISE) study, using a larger sample size, of which the 
results are still pending.40

	 Transcript profiling has also been used to assess the differen-
tial response of TNFi and IL-17 inhibitor (IL-17i) therapy in 
PsA. A small study by Rahmati et al compared 20 patients with PsA 

initiating TNFi agents and 20 patients with PsA starting IL-17Ai 
agents.4 The authors generated 100 genes that differentiated IL-17Ai 
response from nonresponse and TNFi response from nonresponse. 
Integration of cell type–specific differentially expressed genes with 
protein-protein interactions and pathway enrichment analysis 
revealed Rho GTPase signaling pathway as a strong signal specific to 
IL-17Ai response but not to TNFi response.4

The emerging power of transcript profiling, single-cell 
sequencing, and spatial omics in PsA
Although classic genetic analysis has been slow in offering 
tools to assist the clinician in their everyday management of 
patients with PsA, transcriptomics is now paving the way for a 
more in-depth understanding of the immune dysregulation of 
PsA as well as demasking interindividual variation and puta-
tive therapeutics targets, slowly cracking the door of person-
alized medicine open for patients with PsA. Peripheral blood 
transcriptomic profiling is leading the field with promising 
approaches to enhance comprehension of the evolution of PsO 
to PsA as well as of PsA itself. Due to readily accessible tissue, 
most of the available transcriptomic data are from skin with PsO 
and have been extensively summarized elsewhere.41 In contrast, 
PsA transcriptomics, using samples from the joints, is still being 
characterized and analyzed in the context of skin PsO studies. 
PsA joint capsule immune profiling and single cells analysis are 
at embryonic stages, but are revealing, with an unprecedented 
resolution, the peculiar articular immune landscape of PsA. 
They also highlight the connection between immune cells in 
the skin and joints, suggesting a skin-joint axis, which remains 
poorly understood. For instance, the directionality of cell migra-
tion and their site of origin are still unknown. Additionally, 
this approach aids in defining PsA-specific cytokine networks. 
For instance, Nerviani et al42 demonstrated, using a PCR assay 
(Fluidigm) of 80 inflammation-related genes on paired skin and 
joint biopsies, that TNF and IFN-γ were consistently expressed 
in both skin and synovium, consistent with the previous find-
ings from Belasco et al.43 In contrast, IL23A, IL12B, and IL23R 
were predominantly overexpressed in lesional skin and showed 
heterogeneous expression in synovial tissue.42 This heteroge-
neity at the joint level may help explain, at least in part, the 
observed disconnect in treatment responses between skin and 
joints, where PsC tends to respond more consistently to IL-17 
and IL-23 blockade compared to joint manifestations. In their 
study, synovial IL-23 axis expression correlated more closely 
with the degree of histological inflammation, such as high-grade 
synovitis, than with clinical disease activity scores.42 In this study, 
the joint synovium was enriched in genes related to ectopic 
lymphoid structure formation, such as C-X-C motif chemokine 
ligand 13 (CXCL13) and CXCR5.42 This difference highlights 
the possibility of differential mechanisms underlying skin and 
joint inflammation in PsA.
	 This different mode of immune activation distinguishing 
PsA from PsO was also observed in the circulating immune 
cells of both conditions. Patients with PsA exhibited increased 
circulating Th17/Th2–like CD4+ T cells (CD196+CD183−

CD194+and CD196−CD183−CD194+) and reduced frequen-
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cies of memory CD4+/CD8+ T cells, regulatory T cells, and 
CD196+/CD197+ monocytes. These differences likely reflect 
enhanced immune cell migration to inflamed joints in PsA and 
could help distinguish early PsA among the PsO population.44

	 Further, by using multimodal single-cell sequencing 
(expanded cellular indexing of transcriptomes and epitopes 
by sequencing [ExCITE-seq]), which captures both surface 
epitope information and T and B cell receptor rearrangement 
combined to a transcriptional profile, Mullins et al were able to 
identify that dysregulation in the joints far exceeded the classic 
Th17 immune response paradigm.45 Their analysis uncovered 
a possible role for the CXCR3-CXCL10 axis, which may be 
responsible for the recruitment and retention of specific CD8 
and CD4 CXCR3+GZMK+ T cells in the synovium. These T 
cells also harbor increased cytotoxicity and granulitic activity 
and probably contribute to the local inflammatory reaction. 
Mullins et al further identified a subset of CD1c+/CD141+ 
dendritic cells enriched in the synovium producing high levels of 
CXCL10, a known ligand of CXCR3.45 Additional evaluation 
of the CD8 T cell using droplet-based and plate-based single-cell 
RNA sequencing (scRNA-seq) of paired T cell receptor (TCR) 
α and β chain sequences yields similar results, showing a marked 
CXCR3+ CD8 T cell clonal expansion in the joints. Moreover, 
comparison across their cohort revealed clonal convergence 
between different patients. Such clonal expansion and conver-
gence strongly suggest a coordinated response to a fixed yet 
unknown antigen or a limited set of antigens. The transcrip-
tomic information harvested from these expanded synovial 
CD8 T cells showed expression of tissue-homing and tissue 
resident markers. These results were further confirmed by 
Durham et al, who observed shared clonally expanded CD8 T 
cell in the joints and in the skin. The enriched clone harbored 
shared TCRβ chains, suggesting a common origin or migration 
from one site to the other.46 The use of mass spectrometry for 
the 2 known CXCR3 ligands, namely CXCL9 and CXCL10, 
revealed their enhanced presence in synovial fluid.47 Together, 
these results suggest that the PsA synovium is enriched in 
CXCL10, producing CD1c+/CD141+ dendritic cells that 
create a gradient to attract CD8 and CD4 CXCR3+GZMK+ 
T cells to the joints and retain them there, as well as sustain local 
inflammation.
	 The skin-joint axis is interesting, but the scRNA-seq poten-
tial is even broader, as it could be used to unveil cell-specific 
immune dysregulation, with pathways being used differentially 
between a subset of immune cells. Using peripheral blood mono-
nuclear cells from patients fulfilling the PsA CASPAR criteria, 
scRNA-seq, and, further, the NanoString nCounter platform for 
validation at the protein level, Garrido et al48 identified that both 
NFKBIA and TNFAIP3 were overexpressed in PsA vs healthy 
controls and patients with PsD limited to the skin. Nonetheless, 
higher levels were detected only in CD4+ T cells, whereas CD8+ 
T cells expressed lower levels of both proteins. This unexpected 
result suggests that mechanisms inhibiting NFKBIA and 
TNFAIP3 are at play in CD8+ T cells and might explain their 
unusually strong reactivity.48 Harnessing the power of artificial 
intelligence, the identification at the cell level of differentially 

expressed genes and surface protein expression, coupled with 
200 previously published genetic risk factors for PsA, allowed 
for distinction between PsO and PsA, with the best models 
achieving an area under the ROC curve of ≥ 0.87. Such machine 
learning–based methodologies are rapidly gaining attention 
with the recent democratization of artificial intelligence.49

	 Another evolution of scRNA-seq has been the addi-
tional capture of spatial information. Spatial scRNA-seq is a 
cutting-edge technology combining single-cell transcriptomics 
with the spatial localization of every cell sequenced. Unlike 
conventional scRNA-seq, tissue organization is retained while 
capturing individual cell transcriptomes in spatial scRNAseq. 
It enables the assessment of cell-cell interactions and tissue 
structure, facilitating a deeper understanding of the immune 
system’s complexity.  For instance, Castillo et al have explored 
how spatial scRNA-seq can stratify PsO severity by what they 
called their “cellular ecosystems.”50 They also showed that mild 
and severe forms of PsO have several distinct molecular features. 
In contrast, severe PsO alters the cellular and metabolic compo-
sition of distal unaffected skin sites. They could not, however, 
identify a link between the different immune ecosystems in the 
skin and the development of PsA.50

	 Synovial organization in PsA is yet to be defined in greater 
depth, but it appears to be different from that in RA. Synovial 
biopsies in patients with RA and PsA are shedding light on how 
cells are organized in the synovium.51 The first observation is that, 
in both diseases, due to differential λ and κ Ig light chain usage, 
synovial plasma cells are probably recruited from peripheral 
blood and not derived from the local memory B cell pool infil-
trating the synovial region. Additionally, fibroblast and endo-
thelial cells are characterized by differential transcription factor 
usage, suggesting that the stromal cell of PsA joints is unique. By 
direct comparison, several characteristics of the RA synovium do 
not dominate in the PsA synovium. For instance, using recep-
tor-ligand interactions, Floudas et al identified that RA-specific 
synovial T cell–derived transforming growth factor (TGF)-β in 
combination with macrophage-derived IL-1β triggers the inva-
siveness of RA fibroblast activation protein α (FAPα)+THY1+ 
synovial fibroblasts, whereas these cells are scarce in PsA.51 This 
suggests that bone erosion in PsA uses alternative mechanisms 
that are yet to be defined and are different than those observed 
in patients with RA.
	 Taken together, transcriptomic analyses are progressively 
helping to better characterize the complexity of PsA manifesta-
tions. They are now considered a pivotal set of tools used to char-
acterize PsA immune responses and how they interact with the 
stromal cell in the synovium as well as in the peripheral blood.

Conclusion
Genomics remains central to precision medicine. Multinational 
collaborations, extensive GWAS, and advancements in infor-
matics and statistical methods have identified over 100 genomic 
loci associated with PsD. The findings from these studies have 
laid the groundwork for PRS, which may eventually have clin-
ical applications and provide insights into the causation of modi-
fiable risk factors in PsA. Preliminary research using single-cell 
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sequencing, along with spatial transcriptomics, promises to 
enhance our understanding of the pathogenesis of PsA, leading 
to the discovery of new biomarkers and therapeutic targets. 
Further, advancements in genomic editing and sequencing tech-
nologies are expected to clarify the genetic basis further, paving 
the way for continued progress in PsA precision medicine.
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