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Sex differences in psoriatic arthritis through imaging mass cytometry of synovial tissue 
Scientific Abstract  
Psoriatic arthritis (PsA) is equally prevalent in males and females; however, differences exist in clinical 
presentation and disease progression, with the underlying biological mechanisms unknown. Persistent 
joint inflammation leads to pain, functional impairment, and disability, but how sex-specific immune and 
inflammatory processes contribute to PsA pathogenesis is poorly understood. This study aims to 
characterize the spatial organization of immune cells and their expression of sex steroid receptors in 
synovial tissue from male and female PsA patients. We hypothesize that differences in immune cell 
proportions, spatial organization, and sex steroid receptor expression drive sex-specific inflammation. 
Using imaging mass cytometry, we will analyze synovial biopsies from eight males and eight females 
with PsA and two non-psoriatic controls from our biobank. Tissue samples will be stained with metal-
labelled antibodies and analyzed using mass cytometry coupled with an imaging system. Our results will 
provide novel insights into sex-specific immune mechanisms in PsA, potentially identifying biomarkers 
and therapeutic targets that inform sex-specific treatment strategies. 

Lay Abstract 
Males and females with psoriatic arthritis (PsA) experience the disease differently. For example, male 
patients develop worse skin psoriasis and spinal damage, whereas females report greater pain levels and 
have more disability. The reasons for these differences are not well understood. Our study aims to 
investigate how immune system cells cause inflammation differently in the tissues surrounding the joints 
in males and females with PsA. We believe that sex hormones, such as testosterone and estrogen, 
influence these immune cells in the joint tissue. To investigate this, we will analyze tissue from eight 
males and eight females with PsA using a cutting-edge tool called imaging mass cytometry. This 
technology enables us to accurately identify immune cells, map their location within the tissue, and 
determine whether sex hormones can influence their function. By studying these patterns of immune cell 
organization and hormone interactions, we aim to uncover the key biological mechanisms underlying sex 
differences in PsA. 

Background: Patients with psoriatic arthritis (PsA) face a high risk of joint damage, characterized by 
articular cartilage loss, bone erosion, osteolysis, and abnormal bone formation1,2. The structural damage, 
coupled with persistent inflammation, can promote pain, functional impairment, and disability. While 
males and females are equally susceptible to PsA, their clinical presentations can differ3. Females with 
PsA report higher pain scores, worse disability, and poorer treatment responses3–5. In contrast, males 
have more severe psoriasis and greater radiographic progression of the spine and sacroiliac joints3–5. The 
biological mechanism behind these sex-based differences remains unclear, posing challenges for 
accurate diagnosis and treatment. 

Sex hormones and their receptors significantly modulate immune responses and may contribute to sex-
related differences in PsA6,7. In healthy individuals, progesterone and testosterone exert 
immunosuppressive effects, while estrogen can promote Th1 polarization at low levels or Th2 
polarization at high levels6,7. Additionally, at low levels, estrogen enhances the expression of TNF-α, IL-
1β, and IL-6, cytokines known to drive PsA-related inflammation. Interestingly, disease severity 
fluctuates during pregnancy and menopause in patients with PsA, possibly reflecting changes in 
progesterone and estrogen levels8,9. Despite these insights, the exact role of sex hormones and their 
receptors in PsA remains largely unexplored10. In rheumatoid arthritis (RA), immune cells expressing 
estrogen, androgen, and progesterone receptors have been implicated in driving sex dimorphic joint 
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inflammation, with estrogen receptor beta as a key driver11–15. Similar sex-specific immune 
mechanisms may also play a role in PsA, 
warranting further investigation. 

Beyond sex hormone and receptor differences, the 
spatial organization of immune cells within the 
synovium may also be key to understanding sex-
specific mechanisms in PsA. While single-cell 
analysis has been instrumental in characterizing 
immune cell populations, it involves tissue 
dissociation. Immune cells function within spatially 
defined niches, which drive inflammation and tissue 
remodelling. Thus, spatial analysis techniques, such 
as imaging mass cytometry (IMC) and spatial 
transcriptomics, are essential for capturing these 
relationships while preserving tissue structure.  

IHC is widely used but is limited by low multiplexing 
and resolution. IMC overcomes these issues by 
measuring over 30 markers simultaneously with subcellular resolution (1 µm). Alternatively, spatial 
transcriptomics can profile thousands of RNA transcripts with variable resolution (0.22-200 µm) but 
does not measure proteins directly, making it less suitable for studying functionally active immune 
responses16. Thus, IMC offers an optimal balance of measuring actively expressed protein surface 
markers while preserving spatial relationships, which can provide a more accurate reflection of immune 
cell states. 

Overall, the roles of sex hormones, sex steroid receptors, and the spatial organization of immune cells in 
PsA synovial inflammation remain poorly understood. Investigating these mechanisms could provide 
novel insights into the pathogenesis of PsA and identify sex-specific biomarkers for disease 

monitoring and the development of therapeutic 
strategies. 

Study Objective and Hypothesis 
The study’s overall objective is to improve our 
understanding of how sex, as a biological variable, 
influences PsA disease course (Figure 1). We hypothesize 
that sex hormones and their receptors, expressed by immune 
cells, contribute to sex-related differences in joint 
inflammation and disease activity. 

Aim 1: Characterize the proportion and spatial organization 
of immune cells and their expression of sex steroid 
receptors in synovial tissue biopsies frommale and female 
patients with PsA using IMC 
Aim 2: Assess the correlation between serum and synovial 
fluid proteins (including sex hormones) with clinical 
outcomes (e.g., pain) in males and females with PsA 

Previous work: Our group has successfully applied IMC to map immune cell populations in synovial 
tissue of PsA patients17. The study revealed the presence of CD68+ myeloid cells in the intimal layer of  

Figure 1 – Study Design 

Figure 2 - Protein-pathway interactions from differential proteins of PsA males vs. females. 
Proteins (grey nodes, red highlight for fold change) connect to pathways (diamond nodes, 
darker shades for more enriching proteins). Edge colour indicates sex- and disease-specific 
associations: blue for DEPs in both PsA males vs. females and PsA males vs. controls (male-
differential), pink for PsA males vs. females and PsA females vs. controls (female-
differential), and orange for PsA males vs. females only (sex-specific within PsA). Edge 
thickness reflects statistical significance, and thicker protein nodes indicate higher fold 
change 
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synovial tissue, while CD68+, CD14+, and lymphoid cells (CD3+, CD4+, 
CD8+, CD20+) were more prominent in the sublining layer. Unsupervised 
cluster and neighbourhood analyses further identified immune cell subsets 
and their spatial interactions within the tissue microenvironment. 

In our previous GRAPPA Pilot study in 2023, we conducted an untargeted 
proteomic analysis of 6402 serum proteins in 100 patients with active 
PsA18. A key finding was the identification of Rho GTPase signalling and 
angiogenesis as male-dominant pathways (Figure 2). Rho GTPase 
signalling regulates angiogenesis, extracellular matrix remodelling, and 
focal adhesion dynamics19. Given the critical role of dysfunctional 
angiogenesis in PsA synovial pathophysiology, further investigation of 
these pathways may elucidate their contribution to sex-specific 
mechanisms in PsA. 
 
Methods 
Study Design: The study will be an observational cohort study using 
existing clinical data and synovial tissue biopsies from the University of 
Toronto PsA database and biobank. We identified eight patients (four 
males and four females) with formalin-fixed paraffin-embedded synovial 
tissue knee biopsies, synovial fluid, and serum collected during the same 
visit.  

IMC antibodies and acquisition: We selected 33 metal-labelled antibodies from Standard BioTools, 
targeting structural and immune cell populations, as well as five for sex steroid receptors and two for 
nociceptive pain markers (Table 1). Data acquisition will be performed using a Helios time-of-flight 
mass cytometer, coupled with a Hyperion Imaging System. Fixed tissues are labelled with metal-tagged 
antibodies and ablated by a pulsed laser focused on a 1 μm diameter spot. The resulting metal isotopes 
will be quantified and indexed to precise locations, generating a spatial map of target markers and their 
distribution within the tissue. 

Data analysis: Imaging processing, pixel classification and single-cell segmentation will be performed 
using an IMC segmentation pipeline20. FCS files will be imported into a cytometry software to quantify 
the relative distribution of major immune cell types, sex steroid receptors, and nociceptive expression 
(Aim 1). Neighbourhood analysis will be performed to assess spatial relationships of different cell 
populations. Serum and synovial fluid collected on the same day as the tissue biopsies will undergo 
targeted proteomic analysis using ELISA. The proteins tested include sex hormones and the sex-related 
proteins from Figure 2. Correlations between protein expression in serum and synovial fluid, as well as 
sex differences, will be assessed using the Mann-Whitney U test (Aim 2).  

Significance for Psoriatic Disease: The proportion of immune cells, their distribution, and the 
assessment of sex hormones and sex steroid receptors in synovial tissue may partially explain the clinical 
differences in PsA presentation and course. This study aims to establish sex-specific differences in 
synovial tissue immune composition, which can inform the development of sex-specific approaches for 
monitoring and managing PsA. 

 

Table 1  
Antigen Target 

Collagen Type I Stroma marker 
Vimentin Intracellular mesenchymal cells 
Pan-Keratin Intracellular epithelium 
CD31 Endothelial cells 
CD138 Plasmablasts 
CD103 T cell subset 
CD20 B cells 
CD16 Monocytes, natural killer cells 
CD69 T cell activation, resident T cells 
CD11b Dendritic cells, monocytes 
CCR7 T cell subset 
CD3 T cells 
CD4 CD4+ T cell 
CD8a CD8+ T cell 
CD45RO Activated memory T cells 
CD25 Regulatory T cells 
FOXP3 T cell differentiation 
T bet T cell differentiation 
CCR4 T cell differentiation 
ROR gamma T T cell differentiation 
CXCR3 T cell differentiation 
CD161 Natural killer, MAIT cells 
CD45RA Lymphoid cells 
CD11c Dendritic cells 
HLA-DR Dendritic cells, T cell activation 
GranzymeB Cell activation 
GATA3 T cell differentiation 
CD57 Natural killer cells 
CCR6 T cell differentiation 
CD14 Monocytes 
CD68 Macrophages 
MPO Neutrophils 
HistoneH3 Cell nucleus 
ER-A Estrogen receptor alpha 
ER-B Estrogen receptor beta 
AR Androgen receptor 
PR Progesterone receptor 
PRL Prolactin receptor 
CGRP Nociceptive marker 
Galanin Nociceptive marker 
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