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Landscapes in Rheumatoid and Psoriatic Arthritis

Alexandra Khmelevskaya', Christopher Ritchlin? Caroline Ospelt', and Raphael Micheroli'

ABSTRACT. At the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) 2025 annual

meeting in Bogotd, Columbia, Alexandra Khmelevskaya and Dr. Christopher Ritchlin presented a basic
symposium on synovial immunopathology. They presented a comparative analysis between rheumatoid
arthritis (RA) and psoriatic arthritis (PsA). Their multiomic studies revealed that RA is characterized by
heightened intercellular signaling, particularly involving secreted phosphoprotein 1-positive (SPP1+)
macrophages, chitinase-3-like protein 1-positive (CHI3L1+) fibroblasts, and fatty acid binding protein
S—positive inflammatory dendritic cell type 3 (FABPS+ iDC3]). Spatial transcriptomics confirmed direct,
contact-dependent interactions between SPP1+ macrophages and iDC3 specifically in RA, whereas
CHI3L1+ fibroblasts interacted with iDC3 through soluble mediators. Multiplex immunofluorescence vali-
dated the tissue localization of these subsets. In contrast, PsA was distinguished by transcriptionally activated
CD8+ T cells in both synovium and peripheral blood, with open chromatin states indicating preactivation
prior to tissue infiltration. These findings delineate RA-specific stromal-myeloid-dendritic cell networks and
PsA-specific T-cell activation programs. Together, they underscore distinct immunopathogenic mechanisms
and provide potential targets for precision therapeutics in inflammatory arthritis.
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Single-Cell and Spatial Omics Uncover Disease-Specific Synovial

transcriptomics

During the basic symposium on synovial immunopathology at
the Group for Research and Assessment of Psoriasis and Psoriatic
Arthritis (GRAPPA) 2025 annual meeting in Bogot4, Colombia,
Dr. Christopher Ritchlin highlighted how single-cell transcrip-
tomic technologies have revolutionized investigative strate-
gies in human biology and disease, providing detailed insights
into cell states and cell-cell interactions.! Multiple approaches
are available,? as described in Table 1. To carry out single-cell
RNA sequencing (scRNA-seq), cells or tissues are disaggre-
gated, and cell subsets of interest are selected by flow cytometry
and captured as single cells in nanowells. RNA is isolated and
reverse-transcribed to cDNA, followed by second-strand DNA
synthesis. The cDNAs are amplified by PCR, and a cDNA library
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is constructed and sequenced. The libraries are often multi-
plexed, pooling multiple samples, and each sample is tagged with
abarcode to provide source identification and mapped to a corre-
sponding source genome. Data analysis is performed to cluster
cells into potential cell types and states or to order them along
a projected trajectory in pseudotime. For tissue readouts, spatial
cellular organization and neighborhood analysis can be recon-
structed on tissue sections. Cellular indexing of transcriptomes
and epitopes by sequencing (CITE-seq) combines scRNA-seq
with tagged oligonucleotide antibodies to reveal gene and
protein expression. Last, multiomics combines 2 or more omics
approaches on single cells or tissue to analyze RNA, protein,
epigenetic, and metabolomic signatures.

Building on these methodological advances, Alexandra
Khmelevskaya applied scRNA-seq, spatial transcriptomics, and
multiomic approaches to characterize cellular states and inter-
actions in synovial tissue from patients with inflammatory and
noninflammatory joint diseases.

Inflammatory joint diseases such as rheumatoid arthritis
(RA) and psoriatic arthritis (PsA) share clinical features
yet diverge in underlying immune mechanisms. To dissect
disease-specific cellular interactions, we integrated 3 comple-
mentary datasets: scRNA-seq of synovial tissue and peri-
pheral  blood, and (ST) of
paraffin-embedded synovial tissue. Synovial tissue was obtained by
ultrasound-guided needle arthroscopy from patients with
RA (n = 13 for scRNA-seq, n = 2 for ST), PsA (n = 12 for
scRNA-seq, n = 1 for ST), undifferentiated arthritis (UA; n =5
for scRNA-seq), and osteoarthritis (OA; n = 5 for scRNA-seq,
n = 1 for ST), as well as noninflammatory controls (n = 6 for

spatial transcriptomics
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Table 1. Transcriptomic and multiomic technologies.

Bulk RNA-Seq scRNA-Seq

Spatial Transcriptomics

CITE-Seq Multiomics

Average gene Individual-cell gene

Gene expression is local-

RNA + surface protein > 2 omic layers (RNA, ATAC,

Output expression across i ized to a specific tissue K K .
expression . expression per cell protein metabolites)
cells location
Resolution Tissue or sample Single cell Smgl.e—cell or Pmned Single cell Cellular or tissue level
average tissue section
Single-cell suspensions .
A, ,RNA,
Input Bulk RNA Single-cell suspension Tissue section tagged with oligo-tagged DNl e ain, LN

metabolite samples

antibodies
Average counts per  Gene x cell expression  Gene X spatial coordi- RNA + antibody-derived . .
Data readout ” . Multiple data matrices
gene matrix nate matrix counts

ATAC: assay for transposase-accessible chromatin; CITE-seq: cellular indexing of transcriptomes and epitopes by sequencing; scRNA-seq: single-cell

RNA-seq; RNA-seq: RNA sequencing.

scRNA-seq; Table 2). Across more than 150,000 synovial cells
in scRNA-seq dataset, we identified 12 major cell types, with
myeloid cells and fibroblasts predominating in inflamed tissue
(average proportion of myeloid cells = 27%; average proportion
of fibroblasts = 30%). T cells were nearly absent in patients
with OA and noninflammatory controls (average proportion
of T cells = 7%) but were significantly enriched in those with
RA and PsA (average proportion of T cells = 23.5%), reflecting
the inflammatory nature of these conditions. Predicted
ligand-receptor analyses revealed that RA tissue displayed far
more extensive intercellular communication compared with
PsA tissue and healthy synovium, with myeloid cells emerging
as both dominant signal senders and receivers. Dendritic cells
also showed heightened activity in patients with RA, whereas in
those with PsA and controls, they were largely inactive.

Deeper examination of myeloid heterogeneity revealed 6
subpopulations, including 2 tissue-resident macrophage subsets,
2 monocyte-derived macrophages, and 2 monocyte subsets. One
subset, marked by secreted phosphoprotein 1 (SPP1) expression,
was specifically enriched in RA. Fibroblast profiling identified
10 subpopulations, including lining, intermediate, and sublining
groups. Among these, chitinase-3-like protein 1-positive
(CHI3L1+) fibroblasts were selectively enriched in patients
with RA and expressed higher levels of CHI3L1 compared with
those with PsA and noninflammatory controls, marking them as
another RA-associated population.

Dendritic cell analysis distinguished 9 subgroups. This popu-
lation received signals from both SPP1+ macrophages and
CHI3L1+ fibroblasts, though through distinct mechanisms:
macrophages appeared to interact with fatty acid binding protein
S—positive inflammatory dendritic cell type 3 (FABP5+ iDC3)
in a contact-dependent manner, whereas fibroblasts communi-
cated through soluble mediators and extracellular matrix signals.
ST supported these predictions, showing that regions enriched
for SPP1 expression strongly overlapped with FABPS+iDC3 in
RA, but not in PsA or OA. A neighborhood analysis confirmed
that SPP1 levels were highest near FABPS+ iDC3 and declined
with distance, highlighting a direct cell-contact mechanism

unique to RA. In contrast, CHI3L1 expression was spatially
unrelated to dendritic cells, consistent with indirect signaling.

Turning to PsA, although the proportions of T-cell subsets
resembled those in RA, their transcriptional and epigenetic
states differed. CD8+ T cells in PsA showed strong upregula-
tion of activation pathways, antigen processing, and presentation
signatures. Chromatin accessibility analysis further revealed that
PsA CD8+ T cells already displayed open regulatory regions
associated with activation, migration, and metabolic pathways
in the blood, suggesting that they circulate in a preactivated state
before entering the joint environment. This functional priming
of T cells contrasts with the myeloid- and fibroblast-driven
immune architecture observed in RA.

In conclusion, these findings highlight distinct immuno-
pathogenic pathways underlying inflammatory arthritis. RA
appears to be driven primarily by local immune-stromal cross-
talk within the synovium, characterized by a spatially organized
network of SPP1+ macrophages, CHI3L1+ fibroblasts, and
FABPS+ iDC3. In this setting, macrophages enriched in oste-
opontin (SPP1) act as central organizers of inflammation by
sustaining fibroblast and dendritic cell activation. The activated
fibroblasts, in turn, produce chemokines and matrix factors that
maintain leukocyte retention and tissue remodeling, whereas
FABPS+ iDC3 amplifies antigen presentation and local T-cell
activation. This self-reinforcing triad establishes a chronic,
spatially contained inflammatory niche that perpetuates syno-
vial pathology in RA.

By contrast, PsA exhibits a systemically primed adaptive
immune signature, dominated by transcriptionally active CD8+
T cells that are preactivated in the circulation—likely through
exposure to cutaneous or systemic antigens—and subsequently
recruited into the joint. This observation is consistent with
previous studies implicating CD8+ T cells and major histo-
compatibility complex class I-associated pathways in PsA
pathogenesis.*

Together, these data delineate 2 fundamentally distinct
modes of inflammation: a macrophage-fibroblast—dendritic
cell-driven synovial circuit in RA vs a systemically primed,
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Table 2. Clinical characteristics of the patients included in scRNA-seq.

Total RA PsA UA OA NIC P
N =41 n=13 n=12 n=>5 n=>5 n=6
Age, yrs 0.03*
Mean (SD) 52 (16) 57 (14) 49 (18) 50 (3.7) 74 (10) 41(16)
Missing 2(5) 0(0) 0(0) 0(0) 2 (40) 0(0)
Sex 0.005°
Female 27 (66) 12 (92) 7 (58) S (100) 2 (40) 1(17)
Male 14 (34) 1(8) 5 (42) 0(0) 3 (60) 5 (83)
BMI, kg/m? 023
Mean (SD) 25(5.2) 24(5.3) 26 (5.0) NA NA NA
Missing 21(51) 4(31) (8) 5 (100) 5 (100) 6 (100)
Seropositivity <0.001°
Seronegative 20 (49) 3(23) 12 (100) 5 (100) NA NA
Seropositive 9(22) 9(69) 0(0) 0(0) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6 (100)
HLA-B27 0.60°
Negative 23 (56) 10 (77) 9(75) 4(80) NA NA
Positive 1(2) 0(0) 1(8) 0(0) NA NA
Missing 17 (41) 3(23) 2(17) 1(20) 5 (100) 6(100)
No. of affected joints 0.21*
Mean (SD) 7.8 (5.0) 8.6 (4.8) 85(5.2) 4.2 (4.0) NA NA
Missing 12 (29) 0(0) 1(8) 0(0) 5 (100) 6(100)
No. of previous treatments 0.10*
Mean (SD) 33(37) 47(3.3) 32 (43) 0.4(0.6) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6(100)
Glucocorticoid treatment 0.77°
No 21(51) 9(69) 9(75) 3 (60) NA NA
Yes 8 (20) 3(23) 3(25) 2 (40) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6(100)
DMARD treatment 0.003°
MTX 5 (12) 0(0) 4(33) 1(20) NA NA
TNFi 6(15) 6 (46) 0(0) 0(0) NA NA
JAKi 3(7) 3(23) 0(0) 0(0) NA NA
T2 2(5) 0(0) 2(17) 0(0) NA NA
CTLA% 2(5) 2(15) 0(0) 0(0) NA NA
SSZ 102) 0(0) 0(0) 1(20) NA NA
None 10 (24) 1(8) 6 (50) 3 (60) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6(100)
Rheumatoid factor 0.10*
Mean (SD) 21 (62) 50 (90) 0(0) 0(0) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6(100)
Anti-CCP antibodies 0.03*
Mean (SD) 50 (130) 120 (180) 0(0) 0(0) NA NA
Missing 12 (29) 1(8) 0(0) 0(0) 5 (100) 6(100)
C-reactive protein 0.46
Mean (SD) 15 (17) 20 (20) 11(15) 10 (17) 0.9 NA
Missing 10 (24) 0(0) 0 (0) 0 (0) 4(80) 6 (100)

Values are n (%) unless otherwise specified. * ANOVA. ® Pearson chi-square test. Anti-CCP: anticyclic citrullinated peptide; CTLA4i: cytotoxic
T-lymphocyte-associated protein4inhibitor; DMARD:disease-modifyingantirheumaticdrug; IL-23i:interleukin23inhibitor; JAKi:Januskinaseinhibitor; MTX:
methotrexate;NA:notapplicable; NIC:noninflammatorycontrol; OA:osteoarthritis; PsA: psoriaticarthritis; RA: rtheumatoidarthritis; scRNA-seq:single-ceIRNA
sequencing; SSZ: sulfasalazine; TNFi: tumor necrosis factor inhibitors; UA: undifferentiated arthritis.

T-cell-driven effector response in PsA. These mechanistic
insights not only clarify disease-specific cellular programs but
also point toward tailored therapeutic approaches such as
targeting SPP1-producing macrophages and stromal-dendritic
interactions in RA, or modulating T-cell activation and traf-

ficking pathways in PsA.

We acknowledge that our study is based primarily on the
dissection of observed differences in cellular activation states
between RA and other arthritides including PsA, and there-
fore does not establish causality. In addition, the cohort size is
relatively small, and independent validation in larger and more

diverse patient cohorts will be necessary to confirm the gener-
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alizability of our findings. Nevertheless, the key observations
derived from scRNA-seq were consistently supported by ST
and further corroborated at the protein level, strengthening the
robustness of our conclusions. Although mechanistic studies
will be required to formally demonstrate causal relationships, we
believe our data reliably capture disease-specific features of RA
and PsA synovium. Further, our data provide novel insights into
how fibroblast activation may contribute to the initiation and
maintenance of adaptive immune responses in RA, whereas PsA
appears to be characterized by the recruitment of systemically
primed, transcriptionally active CD8+ T cells into the joint.
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