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Abstract Number: 0001

Loss of the Complement Regulator CD55 Alters Marginal Zone B Cell
Homeostasis

Iris Lee’, Sonam Verma?, lvana Ling?, Christine Pham?® and Peggy Kendall?, "Washington University in St. Louis, St. Louis,
MO, “Washington University, Saint Louis, MO, *Washington University, St. Louis, MO

SESSION INFORMATION

Session Date: Sunday, November 12, 2023

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster
Session Type: Poster Session A

Session Time: 9:00AM-11:00AM

Background/Purpose: Complement and B cells are implicated in the pathophysiology of rheumatoid arthritis, an autoim-
mune disease characterized by synovial inflammation. Loss of complement regulator CD55 leads to delayed onset of inflam-
matory arthritis in the collagen-induced mouse model of arthritis (CIA)." Marginal zone (MZ) B cells, an innate-like B cell
population, serve as first responders to blood-borne pathogens by rapidly differentiating into antibody producing plasma-
blasts, and are important initiators of CIA.2 Whether and how CD55 regulates MZ B cells in CIA pathogenesis is unknown.

Methods: We examined naive and sorted MZ B cell populations in 3-5 week-old and 10-12 week-old CD55-/- and com-
pared to wildtype (WT) C57BL/6 mice using flow cytometry, immunofluorescence, bromodeoxyuridine (BrdU) incorporation,
and bulk RNAseq. Differential gene expression analysis was performed, followed by Gene Sequence Enrichment Analy-
sis (GSEA).

Results: We found that loss of CD55 decreased the number of MZ B cells in 10-12 week-old, but not 3-5 week-old mice.
The precursors to MZ B cells were unchanged at both endpoints, indicating that loss of MZ B cells was not due to failure
of MZ B cell differentiation. En vivo BrdU incorporation showed no difference between CD55-/- and WT, indicating MZ B cell
differences are not due to loss of proliferative capacity. Differential gene expression analysis showed decreased expression
of genes involved in preventing apoptosis in MZ B cells of CD55-/- compared to WT mice (HSP90b1, STIP1, AHSAT, and
FKBP4). GSEA showed decreased expression of cell cycle/cell survival pathways in CD55-/- cells relative to WT. Flow
cytometry revealed that CD55-/- MZ B cells had corresponding increases in activated caspase-3 and caspase-7.

Conclusion: Loss of CD55 led to increased reactive oxygen species and activation of caspases in MZ B cell populations,
which may prevent the normal expansion of the MZ B cell subset over time. These studies suggest a role for the complement
regulator CD55 in MZ B cell homeostasis and survival. Future experiments are aimed at defining whether loss of CD55
impacts MZ B cell survival through complement dependent or independent mechanisms.

Disclosure: I. Lee: None; S. Verma: None; I. Ling: None; C. Pham: Insmed, 1, 9; P. Kendall: None.



Abstract Number: 0002

Population Pharmacokinetic and Pharmacodynamic Analyses of
Obexelimab in Healthy Volunteers and in Patients with Rheumatoid
Arthritis or IgG4-Related Diseases

Xiaodong Wang, Rachel Kirk, Simon Lowry and Hua Mu, Zenas BioPharma, Waltham, MA

SESSION INFORMATION

Session Date: Sunday, November 12, 2023

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster
Session Type: Poster Session A

Session Time: 9:00AM-11:00AM

Background/Purpose: Obexelimab is a novel bifunctional antibody that inhibits B-cells, CD19-expressing plasma cells,
and plasmablast activity and has the potential to provide clinical benefits across multiple autoimmune disorders. The pur-
pose of this analysis was to 1) develop a population pharmacokinetics (PK) and pharmacodynamics (PD) model of obexeli-
mab from clinical studies following intravenous (IV) or subcutaneous (SC) administration; and 2) conduct simulations using
this PK/PD model to support the proposed obexelimab Phase 3 dosing regimen in patients with immunoglobulin
G4-related disease (IgG4-RD).

Methods: A population PK/PD model, which described obexelimab serum PK and PD [absolute B cell (ABC) count or CD19
receptor occupancy (RO)] following single and multiple IV or SC administration to healthy subjects, and IV administration to
patients with rheumatoid arthritis (RA) or IgG4-RD, was established based on 4 clinical studies: 1) a first-in-human, single-
ascending dose study with obexelimab in healthy volunteers (0.03 to 10 mg/kg IV); 2) a multiple-ascending dose study in
patients with RA (0.3 to 10 mg/kg every other week); 3) an open-label study assessing the effect of obexelimab on disease
activity in patients with 1IgG4-RD (5 mg/kg or 90/180 mg IV every other week); and 4) a PK and relative bioavailability study of
obexelimab given IV or SC (125 to 375 mg SC or 250 mg IV every other week or 125 mg SC weekly).

Population PK analyses were performed using nonlinear mixed effects modeling software (NONMEM®). The final population
PK/PD model was used to simulate obexelimab PK exposures and changes in ABC counts and in CD19 RO following var-
ious SC dosing regimens.

Results: A population PK/PD model was successfully developed which described the PK (concentrations) and PD (both
ABC and CD19 RO) of obexelimab following single and multiple IV or SC administration to healthy subjects, and patients with
RA or IgG4-RD. The final PK model was a two-compartment model with first-order absorption for SC administration and
first-order elimination. Intrinsic and extrinsic subject factors were assessed as covariates in population PK full model devel-
opment. These covariates included ethnic-related covariates such as race, body weight, age, and gender. The population
PK analysis demonstrated that none of these ethnic-related covariates impacted the PK of obexelimab.

The PD simulation predicts a 250 mg SC weekly dosing will achieve the complete (~100%) CD19 RO and the maximum
reduction in ABC count of approximately 50% of baseline during the entire dosing interval. Following discontinuation of the
250 mg SC weekly dosing, approximately 8 and 10 weeks is required for CD19 RO and ABC counts to return to baseline
levels, respectively.

Conclusion: The population PK analysis of obexelimab demonstrates the ethnic insensitivity of obexelimab PK. Robust RO
and PD following 250 mg SC weekly further supports clinical development of obexelimab to treat B-cell mediated autoim-
mune diseases.



Disclosure: X. Wang: None; R. Kirk: None; S. Lowry: Zenas bio, 3; H. Mu: None.
Abstract Number: 0003

Expanded Extrafollicular B Cells Were Improved by RTX in IgG4-related
Disease

Yusho Ishii', Aakriti Alisha Arora’, Scott Jenks', Ifiaki Sanz® and Arezou Khosroshahi', "Emory University, Atlanta, GA,
2Emory University School of Medicine, Atlanta, GA

SESSION INFORMATION

Session Date: Sunday, November 12, 2023

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster
Session Type: Poster Session A

Session Time: 9:00AM-11:00AM

Background/Purpose: IgG4-related disease (IgG4-RD) is an immune-mediated disease characterized by fibrotic masses
with expansion of IgG4 producing plasma cell in multiple organs such as pancreas, lacrimal and salivary glands, and retro-
peritoneal tissues. Antibody secreting cells (ASC) such as plasmablasts expand in peripheral blood in IgG4-RD, resulting
in high titer of serum IgG4 in active state.

ASC accumulated in extrafollicular masses, suggesting that B cell precursors of ASC may differentiate through extrafollicular
pathways. However, the detail of B cell profile in IgG4-RD remains unclear. Clinically, IgG4-RD responds very well glucocorticoid
and B cell depleting therapy, but the change of B cell profile including extrafollicular B cells after these treatments are unknown.

Methods: IgG4-RD patients were enrolled from Emory IgG4-RD Clinic. Disease activity was assessed by IgG4-RD
responder index. Fresh and frozen peripheral blood mononuclear cells (PBMCs) were stained by 3 sets of antibody panels
and analyzed by flow cytometer. The first cohort used fresh PBMCs and a simple B cell panel (n: 11 healthy control (HC),
13 inactive and 12 active IgG4-RD). The second cohort and third cohort used the same frozen PBMCs with an extended
B cell panels (n: 10 HC, 10 or 11 RTX-naive and 13 RTX-treated (6-51 months after RTX) IgG4-RD).

Results: Analysis of cohort 1 focused on the difference of B cell profile by disease activity. IgD and CD27 double negative
(DN) B cells were increased, and unswitched memory B cells (USM) were reduced in active patients. However, IgG4-RD
patients were split into the high or low proportion of DN B cells in CD19* B cells. In DN B cells, DN2 (CD19*+*/CD387/
CD277/IgD’) expanded, while DN1 (CD19*+*/CD38”* CD277/IgD’) were decreased, resulting in high DN2+DN3/DN1 ration
in IgG4-RD. In 2nd and 3rd cohorts, we compared HC, RTX-naive and -treated IgG4-RD. increased DN2 (CD197/CD277/
IgD/CD11¢*/CD217) and reduced USM (CD19%/CD27*/IgD*) were consistent with 1st cohort though DN B cells did not
expand. In addition to DN2, increased ASC, DN3 (CD19*/CD277/IgD/CD11¢/CD21°) and CD11c*switched memory
(SWM) B cells also were observed. Moreover, these expanded populations in lgG4-RD were repressed by RTX treatment.
In CD3* T cells, CD4/CD8 ratio was elevated in IgG4-RD, and this ratio was reverted by RTX.

Conclusion: Extrafollicular effector B cells including DN2, DN3, CD11c* SWM and ASC were expanded in
IgG4-RD. Intriguingly, this abnormal expansion was mostly reverted by RTX treatment, consistently with a good clinical
response. In addition to B cells, elevated CD4/CD8 ratio was also normalized by RTX. These results suggest that promoted
extrafollicular pathway-derived B cell might be a precursor of tissue-infiltrating plasma cell in IgG4-RD.

Disclosure: Y. Ishii: None; A. Arora: None; S. Jenks: None; I. Sanz: None; A. Khosroshahi: Horizon
Therapeutics, 1, 2.



Abstract Number: 0004

CD22 X CD79b Bispecific Ab Potently Inhibits B Cell Activation and
Plasmablast Accumulation

Timothy Burwell’, Jeffrey Hall', Suzanne Cole?, Sarah Tursi', Isabelle Baribaud®, Kyle Bednar', Naresh Kumar’, Julie
Carman’, Navin Rao? and Edith Janssen?, 'Janssen Research and Development, LLC, Spring House, PA, %Janssen
Research & Development, LLC, Spring House, PA, 3IGM Biosciences, Inc., Doylestown, PA

SESSION INFORMATION

Session Date: Sunday, November 12, 2023

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster
Session Type: Poster Session A

Session Time: 9:00AM-11:00AM

Background/Purpose: B cells contribute to the development and progression of autoimmune diseases through multiple
mechanisms. Consequently, modulating B cell activation, B cell effector function, and plasmablast development holds great
therapeutic potential. CD22 (Siglec-2) is an inhibitory receptor selectively expressed on B cells and has been shown to inhibit
BCR downstream signaling. Here we tether CD22 to the B cell receptor (BCR) with a CD22 x CD79b bispecific Ab (bsAb) to
potently inhibit B cell activation, proliferation, cytokine production, Ig production, and plasmablast accumulation.

Methods: Binding of the bsAb to different B cells was analyzed by flow cytometry using directly conjugated-bsAb. Potential
for in vitro antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC) was assessed in
PBMC cultures in the presence of fresh serum. Impact on BCR downstream signaling upon IgM cross-linking was deter-
mined by phospho-flow of p-Syk and p-PLCg in purified B cells. PBMC and B cells were used to assess inhibitory capacity
of the bsAb on B cell activation, proliferation, and cytokine production upon IgM cross-linking. PBMC from 15 RA patients
and 17 matched healthy donors (HD) were used to verify inhibitory potential in rheumatologic disease.

For in vivo pharmacology studies, CD34+ reconstituted NSG mice were dosed as indicated, and serum IgM, frequency and
composition of B cells and plasmablasts (spleen, blood), and splenic B cells functionality upon IgM cross-linking were
assessed at indicated time points.

Results: Our CD22xCD79b bsAb showed strong, selective binding to all CD22 expressing B cell subsets without in vitro
depletion. The bsAb potently inhibited the phosphorylation of BCR downstream signaling molecules Syk and PLCg upon
IgM cross-linking, which correlated with significant reductions in B cell proliferation and cytokine production. Moreover,
our bsAb potently inhibited the activation of B cells in PBMC from both HD and RA patients (CD69, CD83, CD86).

In vivo treatment of CD34+NSG mice with the bsAb showed a potent, dose-dependent reduction in serum IgM levels, con-
comitant with profound reductions of plasmablasts in the blood and spleen. In addition, splenic B cells from treated animals
showed a significant dose-dependent reduction in their capacity to produce proinflammatory cytokines upon IgM cross-
linking in vitro (IL-6, IL-8, CCL3, CCL4, CCL22).

Conclusion: Together this data shows that our CD22xCD79b bsAb is a potent inhibitor of B cell activation
in vitro and in vivo, making it a promising approach for the treatment of autoimmune diseases with a pathogenic B cell

component.

This work was supported by Janssen R&D, LLC



Disclosure: T. Burwell: Janssen, 3; J. Hall: Janssen, 3; S. Cole: Janssen, 3; S. Tursi: Janssen, 3; |. Baribaud: Jans-
sen, 3; K. Bednar: Janssen, 3, 11; N. Kumar: Janssen, 3; J. Carman: Janssen, 3, 11; N. Rao: Janssen, 3, 11;
E. Janssen: Janssen, 2, 11.

Abstract Number: 0005

Obexelimab Inhibits B Cell Activation and May Interfere with B Cell
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Background/Purpose: Obexelimab is a bifunctional, non-cytolytic, humanized monoclonal antibody that binds CD19 and
ligates FcyRIlb with high affinity. Data from a phase 2 clinical trial of patients with IgG4 -related disease (IgG4-RD), a chronic
immune-mediated fibro-inflammatory disease, demonstrated rapid, and sustained clinical improvement, including complete
remission in most patients following treatment with obexelimab. Although not shown to drive rapid apoptotic death of B
cells, obexelimab treatment does result in an approximate 50% reduction in circulating B cell numbers, as well as near com-
plete reduction in circulating plasmablasts. We have shown that obexelimab dampens the activation of BTK in B cells, easily
ascribable to the loss of PIP3 that would result from the predicted activation by FcgRIIb of the SH2-domain containing ino-
sitol phosphatase SHIP-1. Here, we aimed to examine the changes in gene expression induced by obexelimab in B cells
from treated patients with IgG4-RD to better understand its mechanism of action.

Methods: Peripheral blood was collected from patients with IgG4-RD before and after treatment with obexelimab (two days
after the eighth dose). PBMCs were isolated using standard density gradient centrifugation. Naive (CD19*IgD*CD27") and
memory (CD19*IgD"CD277) B cell populations were FACS purified and used for subsequent ATAC-sequencing (N = 3 with
3 technical replicates for each sample) and RNA-sequencing (N = 16).

Results: We observed many changes in gene expression and chromatin accessibility attributed to treatment with obexelimab
in naive B cells. RNA sequencing identified 775 genes upregulated and 808 genes downregulated in post- compared to pre-
obexelimab treated B cells. ATAC sequencing analysis identified 1040 increased and 708 decreased differentially accessible
genes in post- versus pre-obexelimab treated B cells. Gene ontology biological process analysis of ATAC sequencing were
consistent with altered cytoskeleton organization, chemotaxis and migration. In addition, nucleotide and purine metabolic pro-
cesses were impacted after treatment. Furthermore, KEGG pathway analysis demonstrated key components of actin cyto-
skeleton regulation associated with altered phosphoinositide regulation. Gene ontology biological process analysis of RNA-
seq data aligned with ATAC-seq analysis, confirming alteration of cell-cell adhesion and cytoskeletal pathways.

Conclusion: Collectively, these chromatin accessibility and transcriptromic data suggest that reciprocal changes in PIP3 and
PI(3,4)P2 dependent events induced by obexelimab on B cells alter B cell activation and migration. Paired with the
previous published data demonstrating attenuation of BCR signalling, obexelimab not only reduces PIP3-dependent BCR-
induced BTK activation in B cells from IgG4-RD patients but could also enhance PI(3,4 )P2 phosphoinositide-mediated B cell



migration, possibly causing sequestration of B cells. Together, these two mechanisms may eliminate the potential of patho-
genic, self-reactive B cells to respond to self-antigen, migrate out of secondary lymphoid organs, and infiltrate inflamed tissues.
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Background/Purpose: Glucocorticoids (GCs) are the first-line anti-inflammatory treatment for many autoimmune diseases,
but long-term systemic administration of GCs is associated with unwanted side effects, which may be overcome by targeted
delivery of GCs via antibodies. The CD40-CD40L costimulatory pathway regulates a wide array of immune cell effector func-
tion. The blockage of CD40/CD40L pathway is effective in autoimmune diseases such as Sjogren’s syndrome, but exhibits
limited efficacy in severe disease such as systemic lupus erythematosus (SLE). We generated a first-in-class anti-CD40
antibody-glucocorticoid conjugate (anti-CD40 conjugate) that allowed the targeted delivery of GCs to the corresponding
immune cells, while blocking CD40/CD40L pathway simultaneously. Here we describe the preclinical characterization of this
novel antibody-glucocorticoid conjugate.

Methods: The targeted delivery of GCs was measured by using a CD40-expressing GC reporter cell line. Inhibitory activity of
the anti-CD40 conjugate was evaluated in human B and dendritic cells under CD40L stimulation. In addition, Fc-dependent
effector functions, including antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity
(CDC), were assessed by co-culturing natural killer (NK) cells or complement proteins with CD40-expressing cell lines. By
using human-CD40-transgenic mice, the efficacy of anti-CD40 conjugate was determined in T cell-dependent antibody
responses (TDAR) model and skin graft model. Furthermore, a 4-week GLP repeated-dose toxicity study in cynomolgus
monkeys was conducted to evaluate the in-vivo safety.

Results: The anti-CD40 conjugate displayed GC receptor activity after being internalized via the membrane CD40 and inhib-
ited CD40L-induced activation of human B or dendritic cells. The anti-CD40 antibody is a humanized antagonist antibody
with Fc-silencing mutation to eliminate Fc-dependent effector functions and therefore is unable to mediate ADCC and



CDC.We proved that the anti-CD40 conjugate blocked the generation of KLH-specific antibodies in TDAR model. Com-
pared to the anti-CD40 antibody or the combination of anti-CD40 antibody with GC treatment, the anti-CD40 conjugate
supported a longer survival of the transplanted skin tissues in the skin graft model. Further, the repeated-dose toxicity study
in cynomolgus monkeys showed that the anti-CD40 conjugate was safe and generally well tolerated up to 75 mg/kg. We did
not observe adverse effects in cardiovascular, respiratory, and neurobehavioral endpoints. Reduced follicle size and sup-
pression of germinal center in lymph nodes and spleen were seen with immunophenotyping and histology.

Conclusion: Overall, these data demonstrate that the novel anti-CD40-glucocorticoid conjugate has a promising efficacy
and safety profile in preclinical models and support the clinical application in diverse autoimmune diseases, including organ
transplantation, systemic lupus erythematosus, etc.
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Background/Purpose: B cells have gained increased interest in ANCA-associated vasculitis (AAV) research, as the treat-
ment of this autoimmune disease with rituximab (an anti-CD20 B cell targeted therapy) resulted in beneficial clinical out-
comes. Despite its advantages, this treatment strategy results in long-term B cell depletion and fails in the targeting of
long-lived plasma cells, rendering an unmet need for more reversible and combined B and plasma cell targeting approaches
to achive long-term (drug-free) disease remission. This aim may be fullfilled upon targeting essential signaling pathways for B
cell biology. The NF-«B signalling pathways regulate fundamental B and/or plasma cell responses, downstream of various
B cell surface receptors, including the B cell receptor, CD40, and TLRs, making them potential targets. Furthermore, alter-
ations in NF-kB have been described in other autoimmune diseases and in B cell malignancies. Our research aims to study
the potential effects of inhibition of NF-kB signalling on B cell responses in general, and more specifically on plasmablast dif-
ferentiation and (auto)antibody production in B cells from AAV patients as a novel therapeutic approach.

Methods: Memory B cells were obtained from patients with AAV and healthy donors (HD), and gene expression profiles
were generated by RNA-sequencing. Functional assays were performed culturing PMBCs from AAV patients and HD with
stimuli mimicking T cell-dependent (anti-CD40/IL-21) and T cell-independent (CpG/IL-2) conditions. Pharmacological inhib-
itors of NF-kB inducing kinase (NIK, non-canonical pathway) and Inhibitor-of-kB-kinase-p (IKKB, canonical pathway) were



added to the cultures. Downstream NF-«kB signalling was determined by Western blot. After 6-day cultures, B cell prolifera-
tion and differentiation were determined by flow cytometry, and ELISA was performed for detection of (auto)antibody
production.

Results: Memory B cells from AAV patients with active disease had an upregulated expression of NF-kB-associated genes
compared to patients in remission and HD. Targeting of NIK and IKKB in AAV and HD B cells effectively inhibited down-
stream non-canonical or canonical NF-«kB signalling, respectively. NIK and IKKB inhibition significantly reduced B cell prolif-
eration in both stimulatory conditions in functional assays. In addition, NK and IKKp inhibitors attenuated B cell
differentiation into plasmablasts and antibody production, including anti-proteinase-3 (PR3) autoantibodies. Interestingly,
the effects of NIK inhibition appeared to be B cell-specific, remdering T cell proliferation unaffected.

Conclusion: These data reveal that NF-kB-associated genes were highly expressed in memory B cells from AAV patients
with active disease and that interfering with NF-«B signalling inhibits essential B cell responses that are important in the auto-
immune process. These findings suggest that targeting NF-«B, particularly NIK, may be a more reversible and B cell directed
novel treatment modality for AAV.
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Background/Purpose: Sjogren’s Disease is an autoimmune condition in which patients exhibit decreased salivary/lacrimal
gland function and express autoantibodies that target the 60k molecular weight Ro autoantigen. Published works have
proposed autoantibodies that target M3R as potential clinical markers for Sjégren’s Disease. Our studies show that
4-hydroxy-2-nonenal (lipid oxidation byproduct) immunized rabbits develop antibodies against G-protein-coupled acetyl-
choline receptor muscarinic-type-3-receptor (M3R) second (ECL2) and third (ECL3) extracellular loops. We hypothesized
that there will be a differential induction of antibodies against ECL2 or ECL3 dependent on the degree of 4-hydroxy-
2-nonenal (HNE)-modification of Ro60 in BALB/c mice.

Methods: Five groups of BALB/c mice were used in this study. Group | was immunized with Ro60. Groups Il to IV were
immunized with Ro60, modified with 0.4 mM (low), 2 mM (medium) and 10 mM (high) HNE respectively. Group V controls
received Freund’s adjuvant. Antibodies to M3R ECL2 (amino acids 213-228) and ECL3 (amino acids 514-527) were
detected by multiple antigenic peptide ELISA using sera from the immunized mice.



Results: Immunization with unmodified Ro60 induced a rapid and differential intermolecular epitope spreading to the sec-
ond loop of M3R, but not to the third loop. Bleed 2 sera from Group 1 mice immunized with unmodified Ro60 had an aver-
age reactivity of OD4g5 0.69+0.3 to ECL2 peptide, while Group 2 mice immunized with low HNE-Ro60 showed an average
reactivity of OD4o5 0.58+0.21. The medium HNE-Ro60 immunized mice (Group 3) had the highest reactivity (OD4os 1.02
+0.39), and the Freund’s control group (Group 5) had the lowest reactivity (OD4o5 0.01+0.06), while Group 3 mice immu-
nized with high-HNE-Ro60 had a reactivity of OD405 0.25+0.11 to the ECL2 peptide. The anti-ECL2 antibody levels induced
in the medium HNE-Ro60 group was significantly higher than the levels induced by immunization with unmodified Ro60
(p< 0.0003). The anti-ECL2 levels correlated well with the induction of anti-Ro60 and anti-La antibodies in the mice immu-
nized with medium HNE-Ro60. A similar trend was observed in Bleed 6 of the five experimental groups, with the medium
HNE-Ro60 immunized group having significantly higher anti-ECL2 antibody levels compared to Ro60 immunized group
(p< 0.0005). However, there was no significant induction of antibodies to ECL3 in any of the groups for both bleeds.

Conclusion: We found a differential induction of antibodies against the second extracellular loop of M3R, with Group 3 mice
immunized with medium HNE-Ro60 developing significantly higher reactivity when compared to all other groups. Such a dif-
ferential intermolecular epitope spreading may have significant implications for developing a deeper understanding of the
progression of autoimmunity in Sjégren’s Disease.
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Background/Purpose: Psilocybin is a psychedelic drug with potential therapeutic effects in patients with mood and sub-
stance use disorders. Little is known about its impact on the immune system. In alignment with previous research showcas-
ing psilocybin’s influence on cortical and subcortical brain regions, we hypothesized a connection between these enduring
personality changes to alterations in the immune system. Psilocybin, known for its psychoactive properties, has shown
potential in increasing positive personality traits and reducing stress and anxiety in previous studies. Our current research
considers psilocybin’s potential anti-inflammatory properties, given its role as a serotonin 2A (5-HT2A) receptor agonist.
The existing literature suggests that 5-HT2A activation could play a key role in regulating cytokine responses, thereby
influencing the immune system.

Methods: Sera from 91 participants were included from our three prior randomized controlled clinical trials (RCTs). Multiplex
immunoassay pro-inflammatory cytokine panels (Meso-Scale Discovery) were used to examine the serum from participants
in three separate RCTs wherein a range of doses of psilocybin were administered (methods reported previously). Partici-
pants represented a range of clinical histories including those with no-known health problems/long-term meditation prac-
tice, depression, anxiety, and cancer (various types). Linear mixed models with random effects for each participant were fit
to determine relative cytokine levels both before and at various time points after psilocybin administration.
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Results: In our linear models, sera collected <1-week post-psilocybin revealed increased levels of IL-8 (3=0.164, 95% CI
(0.10, 0.23); p=0.004) and TNF-a (B=0.10 (0.05, 0.15); p=0.027). At >4-week time points compared to baseline, there
was a relative increased level of IL-10 (3=0.08 (0.04, 0.12); p=0.035) and IFNa (3=0.259, 95% CI (0.11, 0.41); p=0.035).

Conclusion: This preliminary study indicates that psilocybin may have impacts on peripheral cytokine concentrations.,
There was a transient increase in pro-inflammatory cytokine production <1-week post-psilocybin followed by delayed anti-
inflammatory cytokine production at >4 weeks. More broadly, peripheral cytokine production does appear to be altered
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by psilocybin administration. . Further research is required to understand psilocybin’s broad immunologic impacts on cyto-
kine concentrations in the central nervous system and innate immune signaling. Despite certain limitations, these findings
underscore the need to further investigate psilocybin’s influence on the immune system.

Disclosure: D. DiRenzo: None; F. Barrett: Gilgamesh Pharmaceuticals, 2, Heffter Research Institute, 4, MindState
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Background/Purpose: Sjogren’s Disease (SjD) has high glandular IFNg levels, associated with disease activity and lym-
phoma risk. We showed that IFNg-stimulated minor salivary gland (SG)-mesenchymal stromal cells (MSCs) produced
CXCL-9, -10, and -11 through JAK2—STAT1 phosphorylation. Chemokine production and STAT1 phosphorylation by
SG-MSCs were inhibited by the JAK1/2 inhibitor, ruxolitinib, a potential promising therapy for SjD. Using culture adapted
SG MSC as an in vitro rosetta stone of SG-resident parenchymal cells, we investigated the IFNg —JAK/STAT biochemical
response of SG-MSCs to FDA approved JAK inhibitors.

Methods: We treated human SG-MSCs with IFNg and JAK1/2 inhibitors. The JAK inhibitors included ruxolitinib and barici-
tinib, which bind the JAK conformation poised to phosphorylate its STAT substrates (kinase active conformation). We also
studied the novel JAK inhibitor, CHZ868, which binds the kinase inactive JAK conformation. We performed western blotting
of cell lysates, probing for JAK1/2 or STAT1/3. We performed RNA sequencing and confirmed results with gPCR and
ELISA. ANOVA or paired t-tests were used to calculate p-values across multiple variables.

Results: We determined that ruxolitinib treatment increased phospho JAK1 (pJAK1) and phospho JAK2 (pJAK?2) of IFNg-
stimulated SG-MSCs in a dose-dependent manner (Fig 1a-b). pSTAT1 and pSTAT3 were suppressed by ruxolitinib upon
treatment (Fig 1c-d). Discontinuation of ruxolitinib resulted in decreased pJAK1/2 (Fig1e). We found a marked and rapid
increase of pSTAT1 upon discontinuation of ruxolitinib and baricitinib, but not CHZ868 (Fig 1f). Next, we wanted to deter-
mine the downstream effects of this pSTAT cascade. We performed RNA-seq of three conditions: 1) IFNg throughout; 2)
IFNg with ruxolitinib, discontinue ruxolitinib, and collect conditioned media 3 hours later; 3) IFNg with CHZ868, discontinue
CHZ868, and collect conditioned media 3 hours later. We found that ruxolitniib withdrawal was associated with increased
PLAT and PLAU expression when compared to IFNg treatment or CHZ868 discontinuation (Fig 2a-b). We confirmed that
PLAU (plasminogen activator, urokinase [uPA]) increased in response to ruxolitinib discontinuation but not in control or
CHZ868 discontinuation by gPCR (Fig 3a-b) and ELISA (Fig 3c).

Conclusion: Our findings suggest that ruxolitinib and baricitinib bind the active phosphorylated form of JAK and lead to a
paradoxical cellular accumulation of functionally defective pJAK. Upon inhibitor withdrawal, the primed pJAKs are de-
repressed and initiate a pSTAT signaling cascade, ultimately resulting in high levels of uPA. In contrast, CHZ868, which binds
the inactive JAK kinase conformation, does not lead to pJAK accumulation, a pSTAT cascade, or uPA production. CHZ868
does not cause this phenomenon. High uPA, associated with human atherosclerotic plagues, might cause proteolysis and
plaque rupture. In conclusion, JAK1/2 inhibitors that bind the active pJAK configuration, but not those that bind the inactive
JAK configuration, increase STAT signaling on withdrawal. This signaling results in high uPA and might promote plaque rup-
ture (Fig 3d).
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Figure 1. Withdrawal of ruxolitinio and baricitinib, but not CHZ868 causes transient increased phospho STAT1. We treated salivary gland-derived
MSCs with vehicle, IFNy (10 ng/mL), ruxolitinib (1000 nM), baricitinib (1000 nM) or CHZ 868 (1000 nM). A)Total JAK1 remains stable with increas-
ing concentrations of ruxolitinib whereas phospho JAK1 increases with increasing ruxolitinib concentrations; B) total JAK2 peaks at 50 nM ruxo-
litinib, subsequently decreasing, whereas phospho JAK2 increases with ruxolitinio concentration; C) Total STAT1 remains stable with increasing
ruxolitinib concentrations, whereas phospho STAT1 is inversely correlated with ruxolitinib dose; D) Total STAT3 decreases with increasing ruxoli-
tinib concentrations, whereas phospho STATS is inversely correlated with ruxolitinib dose; E-F) MSCs treated with IFNy alone served as controls in
lanes 1-4. After treatment of MSCs with IFNy and either ruxolitinib, baricitinib, or CHZ868 for 24 hours, we withdrew each JAKI and harvested cells
at 15-180 minutes. Phospho JAK decreases with ruxolitinio withrawal as expected. Total STAT1 remains stable, whereas phospho STAT1
increases with ruxolitinib withdrawal, peaking at 60 minutes post-withdrawal. A similar trend is seen with baricitinib withdrawal, but not CHZ868
withdrawal.
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Figure 2. RNA Sequencing identifies PLAT and PLAU and genes differentially regulated upon ruxowithdrawal. Salivary gland MSCs were treated
with IFNy (10 ng/mL), ruxolitinib (1000 nM), or CHZ 868 (1000 nM) and then the either ruxolitinib or CHZ868 were withdrawn. Cells were harvested
6 hours later for RNA Sequencing. A) Compared to continuous IFNy treatment, ruxolitinib withdrawal causes differential expression of genes asso-
ciated with keratin sulfate, hemostasis, coagulation, wound healing, T cell activation, response to mechanical stimulus, organ growth, wounding
response, mucopolysaccharide metabolic process, and carbohydrate derivative catabolic process. Genes associated with blood coagulation
include PLAT and PLAU; B) Ruxo withdrawal compared to CHZ868 withdrawal revealed differential expression of genes related to renal systems,
body fluid, organ growth, type | interferon response and signaling pathway, extracellular structure/matrix, and collagen fibril organization. PLAT
and PLAU were upregulated in the ruxo withdrawal compared to CHZ868 withdrawal.
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Figure 3. Confirmation that PLAU (plasminogen activator, urokinase [UPA]) increases after type | withdrawal. MSCs were treated with IFNy
(10 ng/mL), ruxolitinib (1000 NM), or CHZ 868 (1000 nM). Withdrawal was performed by treating cells with IFNy plus JAKI, removing the JAKI by
washing cells, and adding back media with IFNy. After three hours, conditioned media were collected. A-B) gPCR of PLAT (plasminogen activator,
tissue type) and PLAU show ruxo withdrawal increases expression of these genes compared to controls. This response was more prominent with
PLAU than PLAT; C) uPA ELISA of conditioned media from cells treated with IFNy treatment, ruxo discontinuation, CHZ868 discontinuation, or
continued treatment with IFNy and ruxolitinb

Disclosure: S. McCoy: Bristol-Myers Squibb(BMS), 2, Horizon, 2, Kiniksa, 2, Novartis, 2, Otsuka/Visterra, 2, Target
RWE, 2; I. Gurevic: None; j. Galipeau: None.
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Background/Purpose: Rheumatoid arthritis (RA), an autoimmune polyarthritis characterized by ‘tumor-like” proliferation of
RA fibroblast-like synovial cells (RA-FLS), has characteristic symptoms such as "morning stiffness of joints" related to circa-
dian rhythms. Furthermore, the concentrations of inflammatory cytokines such as TNF-a, IL-6, and IFN-y in sera of RA
patients is also known to peak at midnight, prior to arthritic symptoms in the morning. Circadian rhythms in individual cells
are regulated by the expressions of clock genes (Bmal7, Clock, Per, and Cry). We previously reported that TNF-a increased
the expression of Bmal7 in RA-FLS which induced osteochondral destruction via production of inflammatory mediators. It
has been reported that BMAL1 binds to NF-kB/p65 in breast cancer cells, leading to promotes MMP-9 transcription
(Wang et al. Cancer Cell Int, 2019, 19:182), however, it remains unclear how Bmal1 is involved in the pathogenesis of
RA. In this study, we examined the function and the mechanism that Bmal1 contributed the productions of inflammatory
mediators in RA-FLS under cytokine stimulations.

Methods: After transfected Bmal7/siRNA, RA-FLSs were stimulated with or without TNF-a (20 ng/ml), IL-1B (20 ng/ml) or
IFN-y (20 ng/ml) for 32 hours to examine the expressions of inflammatory mediators; CCL2, IL-6, MMP-3 by gPCR. Next,
we investigated NF-kB/p65 activity and an interaction between BMAL1 and NF-kB/p65 by immunofluorescence and co-
immunoprecipitation. Total protein was extracted from RA-FLS to analyze the expression of phospho-p65/total p65 by
western blotting.

Results: Under stimulation of TNF-a and IL-18, the mRNA expression of CCL2 were significantly suppressed by silencing
Bmal1. Similarly, under stimulation of IL-1B and IFN-y, silencing Bmal1 suppressed the mRNA expressions of IL-6 and
MMP-3, respectively (Fig 1). Under fluorescence observations, NF-kB/p65 translocated into the nucleus following TNF-a
and IL-1B stimulation though it appeared to be suppressed by silencing Bmal1. Stimulation with IFN-y had no effect on
pB5 (Fig 2). Furthermore, BMAL1 was combined with p65 (Fig 3-a), and a phosphorylation of p65 was suppressed by silenc-
ing Bmall under stimulations with TNF-a (Fig 3-b).

Fig 1
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Fig 2

Fig 3

Conclusion: The results indicated Bmal1 promoted the phosphorylation and nuclear translocation of p65 via forming the
complex, subsequently contributing to the production of inflammatory mediators in RA-FLS, which might consequently
induce osteochondral destruction in RA.

Disclosure: H. Tsukamoto: None; K. Kaneshiro: None; K. Yoshida: None; K. Tateishi: None; Y. Terashima: None;
N. Shibanuma: None; Y. Sakai: None; A. Hashiramoto: Eli Lilly, 5.
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Background/Purpose: Rheumatoid Arthritis (RA) and Psoriatic Arthritis (PsA) encompass two of the most common forms
of Inflammatory Arthritis. While common pathogenic mechanisms are involved in driving inflammation in both arthropathies
there are significant differences, including the presence/absence of autoantibodies, immune-cell infiltrates, molecular signal-
ing, enthesitis and response to therapy. Therefore, the aim is to identify unique mediators that drive differential synovial fibro-
blast (FLS) populations and function in RA vs PsA, with implication for the inflammatory responses.

Methods: Single cell (Sc) RNAseq was performed on RA and PsA synovial cell suspensions and FLS populations were then
defined by advanced bioinformatic analysis. Subsequently, primary RA FLS were cultured with IL-18 (1ng/ml), TGF-B
(10ng/ml), or a combination of both. Analysis of key FLS activation and functional markers was performed by flow cytometry,
and secreted pro-inflammatory cytokines and matrix metalloproteinases were quantified by ELISA/MSD multiplex assays.
Metabolic capacity was assessed using the Seahorse-XFe-technology and fluorescence-lifetime imaging (FLIM) and glyco-
lytic genes were quantified by real-time PCR. mRNA expression of mitochondrial fission/fusion proteins (DRP1/MFN1/
MFN2) and endoplasmic reticulum (ER) stress proteins (XBP1S/BIP/ATF6) were quantified by real-time PCR and immunoflu-
orescent staining was utilized to examine ER stress.

Results: ScCRNAseq analysis demonstrated 11 distinct FLS populations in RA and PsA, with FAPa+THY1+ invasive FLS
enriched in RA patients. SCRNAseq receptor-ligand interactions demonstrated that T cell-derived TGF-B and macrophage
derived IL-1B synergistically drive the transcriptional profile of these FAPa+THY1+ invasive FLS in RA. We further demon-
strated at a functional level that IL-18 and TGF- B synergistically interact to promote secretion of pro-inflammatory cytokines
IL-6, IL-8, and MCP-1, the growth factor VEGF (all p< 0.05), cell surface expression of the adhesion molecule ICAM-1
(p< 0.01), in addition to secretion of MMP3 (p< 0.05), with no synergistic effects observed for MMP1, CXCR3, CXCR4
and CXCR5. Furthermore, this synergistic interaction also altered the metabolic profile of the RA FLS, towards a more glyco-
lytic phenotype, with synergistic induction of basal glycolysis (p< 0.05), proton efflux rate (p< 0.05), % PER from glycolysis
(p< 0.05) and compensatory glycolysis (p< 0.001), which supports their invasive phenotype. Significant increases were also
observed in key glycolytic markers GLUT-1, HIF1A and PKM2 (all p< 0.05) and ER stress genes XBP1S, BIP and ATF6. In
parallel, a reduction in mitochondrial size (p< 0.05) which was associated with an increase mitochondrial fission protein
DRP-1 (p< 0.05) with no effect observed for fusion proteins MFN1/MFN2 was demonstrated.

Conclusion: Distinct FLS subtypes were identified in RA and PsA, the invasive phenotype of which were driven by synergis-
tic interactions between T-cell and macrophage derived cytokines. Blocking specific immune-stromal cell interactions may
offer new therapeutic intervention in RA and PsA.

Disclosure: O. Tynan: None; A. Floudas: None; N. Neto: None; M. Monaghan: None; S. Wade: None; D. Anton:
None; C. Orr: None; D. Veale: None; U. Fearon: None.
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Background/Purpose: There are multiple DMARDs available to treat rheumatoid arthritis (RA) yet there are no widely used
predictive biomarkers to guide selection of a specific DMARD. We hypothesize that immunophenotyping of blood immune
cells will provide potential biomarkers associated with response to specific DMARDs. We profiled circulating lymphocytes
in RA patients before and after treatment with JAK inhibitors (JAKI) or anti-TNF (aTNF) to identify immune cell features asso-
ciated with treatment response.

Methods: We applied single-cell RNA sequencing (scRNA-seq) and mass cytometry to PBMCs from RA patients before
and after treatment with JAKi (scRNAseq n=19, mass cytometry n=27) or aTNF (scRNAseq n=9, mass cytometry n=32)
as prescribed by treating physician. RA patients met ACR/EULAR 2010 classification criteria, and treatment response was
ascertained by CDAI and medical record review. T cell subsets were identified by unsupervised analysis and specific popu-
lations were validated by biaxial gating. Wilcoxon paired tests were used for comparison between the timepoints and Mann-
Whitney was used to compare responders vs non-responders.

Figure 1. A) UMAP visualization of single cell RNA sequencing of CD4 T cells. B) Expression of CISH and STAT1 in CD4 T cells before and after JAKI
or aTNF therapy. C) IFN gene module score in CD4 T cells of each sample before and after JAKi or aTNF therapy. D)UMARP visualization of single
cell RNA sequencing of CD8 T cells. E)Expression of CISH and STAT1 in CD8 T cells before and after JAKi or aTNF therapy. F) IFN gene module
score in CD8 T cells of each sample before and after JAKi or aTNF therapy.
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Figure 2. Frequency of regulatory T cells (CD25+FoxP3+) in CD4+ T cells as measured by mass cytometry. Frequencies are shown before and
after upadicitinib, tofacinitib, or anti-TNF therapies (*p<0.001 by Wilcoxon signed-rank test).

Results: Comparison of lymphocytes from RA patients before and after treatment with JAKi by scRNA-seq revealed changes
in lymphocyte transcriptomic signatures, including reduction in JAK signaling-associated genes such as CISH, SOCS2, and
STAT1 and reduction in interferon-stimulated genes, consistent with effective JAK inhibition. These changes occurred similarly
in JAKi responders and non-responders, yet they were not observed in the aTNF-treated cohort. Comparison of lymphocyte
populations pre- and post-JAKi treatment revealed several changes in T cell composition, including a reduction in a regulatory
T cell (Treg) subset following treatment with upadacitinib but not tofacitinib or aTNF. Comparing pre-treatment samples from
responders and non-responders, we observed higher frequencies of a PD-1" CD4 T peripheral helper (Tph) cell cluster and
an activated CD8 T cell cluster in JAKi responders compared to non-responders at baseline. Both of these cell clusters had
high expression of the proliferation marker Ki67 and increased expression of a gene signature associated with proliferation.
These proliferating clusters did not differ between responders vs non-responders in the aTNF-treated cohort.

Unsupervised analysis of mass cytometry data from a larger cohort of JAKi-treated patients similarly identified a reduced
Treg frequency in patients treated with upadacitinib and higher frequency of Ki67* HLA-DR™ Tph cells and Ki67* HLA-
DR* CD8 T cells specifically in JAKi responders compared to non-responders, but not in the aTNF-treated cohort. Cells in
the JAKI responder-associated clusters were characterized by expression of CD38 and PD-1. Biaxial gating on Ki67 and
HLA-DR reproduced results from unsupervised clustering.

Conclusion: Broad lymphocyte immunophenotyping revealed a signature of proliferating lymphocytes in blood that was
enriched in JAKI responders but not aTNF responders. These results suggest that cellular features detectable in blood
may be leveraged as predictive biomarkers and may distinguish likelihood of response to different DMARD therapies.

Figure 3. A) Frequencies of PD-1hiCXCR5-HLA-DR+Ki67+ CD4 T cells in responders and non responders to JAKi as measured by mass cytom-
etry (*p<0.001 by Mann-Whitney) B) Frequencies of HLA-DR+Ki67+ CD8 T cells in responders and non responders to JAKi as measured by mass
cytometry (**p<0.001 by Mann-Whitney).
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Background/Purpose: Association of EBV infection with SLE, data suggesting an anti-EBNA1 molecular mimicry fostering
SLE autoimmunity, and mechanisms in EBV infected B cells support a model for EBV inducing SLE autoimmunity and clinical
illness (Figure 1).

Methods: Literature review identified SLE risk loci at p< 5x10°8. We curated 9,862 ChIP-seq (Chromatin ImmunoPrecipita-
tion with DNA sequencing) datasets from 1,339 transcription factors (TFs) in 3,531 "cellular sources" and assessed TF bind-
ing to DNA with Multimode RELI (Regulatory Element Locus Intersection (modified from PMID: 29662 164)).

Results: 330 SLE risk loci (p< 5x10°®) were published prior to 2023. Of these, 255 are found in East Asians (EAS), 106 in
Europeans (EU), 11 in African-Americans, and 18 in mixed Americans. 77 of 330 have been established at p< 5x108 in >3
separate studies. 40 of the 330 loci are established independently in both EAS & EU ancestries. KEGG analysis of candidate
target genes and genes located near the top variant of the 330 loci, show strong associations related to, among others,
IFNy, IL-12, IL-23, B-cell receptor, & EBV pathways (6.1< OR< 16, 10°°%< p,< 107).

Enrichment of TFs binding to SLE loci, with disequilibrium to r*>0.8, using ChlP-seq datasets separately in EAS & EU ances-
tries, reveals that 200 (14.9%) of 1,339 tested TFs found in 1,871 (19.0%) of the 9,862 TF ChIP-seq datasets are associated
with SLE loci at p.< 107 in both ancestries. The TF dataset association ranks are highly similar in EAS & EU ancestries
(r=0.73 (Spearman), p< 0.0001) (Figure 2).

Of the 3,531 cellular sources, EBV-infected and transformed human B cells are most closely associated with both the EAS &
EU risk loci (OR >19, p< 10°%%), compared to all other cellular sources, even including B cells that are not EBV-infected. The
proportions of significant (p.< 107) TF ChiP-seq datasets in all other tested infections are negatively associated in aggregate
(OR< 0.17, p< 5.3x103%), as are cellular sources with no known infection (OR< 0.36, p< 3x107""2).
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Of the associated host DNA binding of TFs at p,< 10°°, EBNA2, EBNALP, & EBNASC, all EBV-encoded Latency Ill expression
products, are separately associated (2.1< OR< 2.6, p< 10™'") with the SLE risk loci in both EAS & EU ancestries (Figure 3). At
OR>3.2, p<10™ human TFs, known to form super-enhancers in EBV-infected, Latency Il expressing transformed B cells, are
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enriched among the significant TF ChlP-seq datasets, compared to uninfected B cells independently at the EAS & EU loci.
When the SLE risk loci bound by all 3 of the most closely associated EBV-encoded TF datasets in EBV transformed B cells
are removed (see Figure 3), then >95% of formerly significant (p.< 10°6) TF ChiP-seq data sets are no longer significant in either
the EAS or EU ancestry, which would also be true for many of the significant human-encoded TF datasets.

Conclusion: The genetic mechanisms of SLE appear similarly dependent upon EBV-encoded TF gene regulation operating
in EBV-transformed B cells in both EAS and EU ancestries. The distortion of gene expression, possibly driven through EBV-
encoded TFs, is present in both EAS and EU ancestries and potentially important in the pathogenesis of SLE.

Disclosure: V. Laurynenka: None; X. Chen: None; s. Parameswaran: None; L. Kottyan: None; M. Weirauch: None;
I. Chepelev: None; K. Kaufman: None; J. Harley: None.
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Background/Purpose: Antinuclear antibodies (ANA) are biomarkers that are frequently used in the diagnosis of common
autoimmune (Al) disorders, but are also present in ~12-20% of general population. Several small studies have suggested
that a positive ANA test (ANA+) is associated with adverse outcomes such as cardiovascular events, cancer, and infections
in the general population, but results have been inconsistent. To define the clinical consequences of ANA+, and mitigate
confounding and reverse causation related with clinical testing for ANA, we used a genetic approach to test the hypothesis
that a predisposition for ANA+ is associated with adverse clinical outcomes.

Methods: In BioVU, a DNA biobank linked to the de-identified electronic health record system at Vanderbilt, we studied par-
ticipants of European ancestry (defined by principal components [PCs] and HapMap reference) who had genome-wide SNP
genotyping performed on the lllumina Infinium MEGA® Array. We performed a genome-wide association analysis (GWAS) for
ANA+ using individuals who had been tested for ANA as part of their clinical care but did not carry a diagnosis of SLE or other
common Al diseases. The GWAS used an additive model, and the results were used to develop a polygenic risk score for
positive ANA (PRSanas) Using Bayesian framework with continuous shrinkage. The PRSanas Was then calculated among
BioVU participants not included in the GWAS analysis. A phenome-wide association study (PheWAS) using the PRSana+
as a predictor was performed adjusting for sex, median age, and 5 PCs of ancestry. For each condition, cases were partic-
ipants having two or more phecodes for that condition and controls were those with not closely related phecode. Individuals
with only one phecode for the condition were excluded. Phecodes with less than 100 cases were excluded to assure power.
A false discovery rate (FDR) adjusted P-value < 0.05 was considered significant.

Results: There were 5,081 participants included in the GWAS, and ~7.6 million SNPs were included in the PRSanas- The
PheWAS was performed in 89,486 individuals and used 1220 phecodes. There were 10 phecodes significantly associated
with the PRSana. at FDR<0.05. Providing proof of concept, the top clinical associations with the PRSana. Were phecodes
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Figure: Phenome wide association study of genetic predisposition for a positive antinuclear antibody test. Triangles in green depict significant
associations at FDR <0.05. All significant associations at FDR<0.05 are described in the table on the right and sorted by P-value.

related to an abnormal immunological test: “Other immunological findings™ and “Nonspecific findings on blood examination”
with an odds-ratio (OR)>1.3 (P < 5.0E-05). The remaining 8 associations had an inverse association (OR < 1.0) and included
neurological and back pain-related conditions, fever of unknown origin, hypertensive heart and/or renal diseases (Figure).

Conclusion: A polygenic risk score for ANA+ that captures the genetic predisposition for a positive ANA test was associ-
ated with a decreased risk for osteoarthritis, spondylosis, hypertensive renal and/heart disease, and neurological disorders.
There was no evidence that a genetic predisposition to a positive ANA test was associated with an increased risk of autoim-
mune, cardiovascular, or other disease.

Disclosure: G. Karakoc: None; G. Liu: None; J. Zanussi: None; C. Chung: None; J. Gamboa: None; J. Mosley: None;
N. Cox: None; C. Stein: None; V. Kawai: None.
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Background/Purpose: TP53, a tumor-suppressor protein known as the guardian of the genome, plays a critical role in reg-
ulating genomic stability and cellular function. When TP53 function is lost, it can lead to uncontrolled cell division and the
development of tumors. Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation and
the destruction of joints. In the synovial microenvironment of RA, hyperplastic fibroblasts form a structure called pannus,
which resembles a tumor. The downregulation of TP53 is influenced by TNF-a and IL-18, two inflammatory molecules
involved in RA.
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Methods: We conducted RNA-seq analysis on human rheumatoid arthritis synovial fibroblasts (RASFs) to investigate the
impact of TP53 loss in the synovial microenvironment. TP53 was transiently knocked down using siRNA. Additionally, we
employed Gene Ontology studies, ELISA, and Western blot analyses to assess the effects of TP53 loss on inflammatory
responses, specifically in the presence of TNF-a and IL-18. These experiments utilized at least three donor lines of RASFs,
with statistical significance set at p< 0.05.

Results: Our findings reveal that RASFs exhibit a significant ( >40%) decrease in endogenous TP53 levels compared to nor-
mal synovial fibroblasts (NSFs). Proinflammatory conditions, such as treatment with IL-18 and TNF-a, further reduce TP53
expression in RASFs by more than 35% within 30 minutes (N=3, p< 0.05). RASFs display higher endogenous expression
of the MDM2 ES3 ubiquitin ligase, responsible for TP53 degradation. Inhibition of p38 MAPK restores TP53 levels, suggesting
the involvement of MAPK pathways in TP53 stability. Inhibition of TAK1 and the ubiquitin-proteasome system rescues TP53
loss in response to IL-18 stimulation (N=3, p< 0.05). Subcellular fractionation reveals TP53 loss in both the cytoplasmic and
nuclear compartments. RNA sequencing analysis identifies 241 differentially regulated genes in TP53-knockdown RASFs
(N=3, p< 0.05), including an upregulation of inflammatory gene signatures. Gene ontology studies confirm the inflammatory
phenotype of RASFs following TP53 loss. These findings suggest that TP53 loss predisposes RASFs to inflammation and
may contribute to the progression of rheumatoid arthritis.

Conclusion: This study provides insights into how RASFs are predisposed to proinflammatory reprogramming through
selective loss or gain of TP53 functions, affecting resistance to apoptosis and proliferation in response to inflammation dur-
ing the progression of rheumatoid arthritis. The identification of gene networks, protein factors, and epigenetic changes
involved in this process will facilitate the development of novel targeted therapies, enabling a deeper understanding of
fibroblast-directed molecular events with significant clinical implications in precision medicine.

Disclosure: A. Singh: None; S. Ahmed: None.
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Proposed model of XIST ribonucleoproteins (RNPs) in autoimmune progression: Autoreactivity to Xist RNPs first causes changes in the chromatin
landscape impacting genomic accessibility and changes in lymphocyte gene expression programs prior the development of autoantibodies. Pro-
longed self-reactive activity damages organs in the final stages of autoimmunity.

Background/Purpose: Autoimmune diseases disproportionately affect females more than males. The XX sex chromosome
complement is strongly associated with susceptibility to autoimmunity. Xist long noncoding RNA (IncRNA) is expressed only
in females to randomly inactivate one of the two X chromosomes to achieve gene dosage compensation. The Xist INCRNA
complexes with numerous proteins associated with autoimmune diseases as autoantigens. The goal of our study is to deter-
mine whether the Xist ribonucleoprotein (RNP) complex is a driver for female-biased autoimmunity.

Methods: We developed a unique transgenic mouse to confer inducible expression of a non-silencing form of Xist in male
animals. We assessed disease severity/progression in Xist-expressing/non-expressing mice in the pristane-induced sys-
temic lupus erythematous (SLE) model using ATAC-seq, RNA-seq and single cell multiomic analyses of splenic immune
cells, histopathology of physical disease markers in tissue sections, and serum autoantibody levels. We screened ChIRP-
MS datasets to develop an XIST protein antigen array to test autoimmune disease patient serum for reactivity to XIST com-
plex proteins.

Results: Inducible transgenic expression of Xist in male mice introduced Xist RNP complexes and sufficed to produce auto-
antibodies. Male SJL/J mice expressing transgenic Xist developed more severe multiorgan pathology in pristane-induced
model of lupus than wild-type males. Xist expression in males reprogrammed T and B cell population and chromatin states
to more resemble wild type females. Human autoimmune disease patients displayed significant levels of autoantibodies to
multiple components of the XIST RNP.

Conclusion: Xist is a sex-specific INcRNA that scaffolds ubiquitous RNP components to drive sex-biased immunity.

Disclosure: D. Dou: None; Y. Zhao: None; J. Belk: None; Y. Zhao: Synthego, 3; K. Casey: None; D. Chen: None;
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Background/Purpose: Alternative splicing of mRNA results in important biological impacts with increasing evidence impli-
cating it in the pathology of autoimmune diseases. However, it is understudied in idiopathic inflammatory myopathies (IIM).

Methods: We studied alternative splicing in 152 muscle biopsies from IIM patients and controls. Patients included subgroups
with myositis-specific autoantibodies including (anti-Jo1, anti-HMGCR, anti-SRP, anti-NXP2, anti-TIF1g, anti-Mi2, anti-MDAb),
and inclusion body myositis (IBM). RNA sequencing data were aligned to the reference genome (GRCh38.p13), then alterna-
tive splicing events were quantified using SplAdder. Expected protein changes were identified and visualized using RiboSpilit-
ter. The percent spliced-in (PSI) was calculated as reads supporting isoform 2 divided by total reads supporting either
isoform per event. We used an alpha of 0.05 and adjusted p values for multiple comparisons. Statistically significant events
were filtered based on magnitude of difference to detect events more likely to be biologically meaningful. Finally, we identified
outlier splicing events with PSI difference of 3 times the interquartile range, when compared to all other IIM and control samples.

Results: There were hundreds of statistically significant alternative splicing events in each IIM subgroup vs controls. Overall,
there were 337 events (in 265 protein coding genes) with larger delta PSI. For each subgroup, we subtracted events that
were also present in other subgroup comparisons, resulting in a smaller list of altered splicing that is unique to each sub-
group (Table 1). We discovered unique splicing in two patients with anti-SRP myositis where exons 7 and 8 of SRP72 were
skipped leading to loss of a tetratricopeptide repeat region (Fig 1A) that is involved in protein binding. SRP72 encodes one of
the 6 protein subunits of the signal recognition particle (SRP). An intron retention event in the anti-Jo1 subgroup introduced a
stop codon after exon 9 of FBXO9 that would result in a truncated protein (Fig 1B). Patients with HMGCR were more likely to
express isoform 1 of an event in EWS RNA binding protein 1, skipping exons 8 and 9 (Fig 1C). One patient with TIF1g, and
two with NXP2 had 49, 26, and 10 outlier events, respectively. One of the TIF1g outlier events was an alternative 5'event in

Table 1. Frequencies of statistically significant alternative splicing events in muscle biopsies from myositis patients. NT= Normal tissue
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Fig 1. lllustrations of select alternative splicing events in muscle biopsies from myositis patients. Top left figure shows a zoomed-in view of the alter-
native splicing event. The title includes gene name, event ID, chromosome, strand, and adjusted p value. n is the number of reads supporting iso-
form 1 or 2. Red lines represent the first stop codon per isoform. Light blue exons indicate same protein product, while light green indicate altered
peptides when translated. Top right figure shows percent-spliced in (PSI) of isoform 2 by myositis subgroup and normal tissue (NT). Middle figure
shows a zoomed-out view of the alternative splicing event with complete exons of the canonical transcript. Bottom figure shows exons aligned
with protein domains of the gene. Panels A, B, and C illustrate three events in SRP, Jo1, and HMGCR subgroups, respectively

the muscle-specific phosphofructokinase gene resulting in a longer 12th exon with introduction of a stop codon that would
disrupt the C-terminal phosphofructokinase domain and conserved site (Fig 2A). Additionally, there was a single event that
only appeared in two patients with IBM where the 15th exon of ankyrin 2 was skipped, which corresponds to an ankyrin
repeat domain (Fig 2B).

Conclusion: We present results of a systematic unbiased search of alternative splicing in IIM muscles. Splicing events that
are unigue to a myositis subgroup are more likely to be relevant to disease pathology since they were not differentially pres-
ent in any other subgroup. We discovered a unique event in SRP72 in the anti-SRP subgroup, connecting a genomic feature

Fig 2. Alternative splicing events in muscle-specific phosphofructokinase and ankyrin 2 genes in muscle of myositis patients. Top left figure shows
azoomed-in view of the alternative splicing event. The title includes gene name, event ID, chromosome, strand, and adjusted p value. nis the num-
ber of reads supporting isoform 1 or 2. Red lines represent the first stop codon per isoform. Light blue exons indicate same protein product, while
light green indicate altered peptides when translated. Top right figure shows percent-spliced in (PSI) of isoform 2 by myositis subgroup and normal
tissue (NT). Middle figure shows a zoomed-out view of the alternative splicing event with complete exons of the canonical transcript. Bottom figure
shows exons aligned with protein domains of the gene. Panel A illustrates an outlier event in TIF1 subgroup. Panel Biillustrates an event only seen in
inclusion body myositis (IBM)
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to the disease’s specific autoantibody. A few patients expressed roughly two thirds of the total outlier events, suggesting
generally perturbed splicing in these patients.

Disclosure: R. Najjar: None; I. Pinal-Fernandez: None; A. Mammen: None; T. Mustelin: Bristol-Myers Squibb(BMS),
2, Cugene, 1, 2, MiroBio, 1, QiLu Biopharma, 2, ROME Therapeutics, 1.
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Background/Purpose: Uncover the key coding genes to define new biomarkers or pathways associated with GCA by per-
forming the first in situ spatial profiling characterization of molecular actors involved in temporal arteries from GCA patients in
comparison to normal arteries.

Methods: From human formalin-fixed paraffin-embedded temporal artery biopsy samples (GCA n=9; controls n=7), we per-
formed a whole transcriptome analysis by using NanoString GeoMx Digital Spatial Profiler (DSP) (2). A total of 59 individual
regions of interest (ROIs) were created within each of the 4 layers for each individual artery. After ROls collection and library
construction, samples were sequenced on the lllumina NovaSeq 6000 platform and reads were digitally quantified and nor-
malized using GeoMx DSP Data Analysis software. Differential expressed genes (DEGs) (fold change >2 or < -2, p-adjusted
< 0.05) were compared for each layer, to build a spatial and pharmacogenomic network in disease course.

Results: Overall, we found that most of the transcriptome studied (12076 genes) was upregulated in GCA arteries. Pre-
cisely, 350, 340, 142 and 5 DEGs were found in intima, media, adventitia, and perivascular tissue respectively. Enrichment
analysis highlighted that inflammation/immune-related functions and vascular remodeling were significantly limited to intima
and media layers. Upregulated immune-related functions concerned macrophage differentiation & T cell, B cell, complement
activations. Regarding vascular remodeling pathways, we found an upregulation of: (i) collagen metabolic process and fibro-
blast proliferation concerning the 3 artery layers, (i) angiogenesis & epithelial cell migration in intima and media layers,
(i) smooth muscle cell proliferation & ossification in intima layer. Our pharmacogenomic network analysis identified genes
that could potentially be targeted by immunosuppressive drugs currently approved or new immunotherapies.

Conclusion: Our findings provide the first in situ spatial profiling characterization of molecular actors involved in GCA which
is essential for the discovery of potential new therapeutic targets to cure this disease. The differential spatial upregulation of
genes involved in inflammatory process and vascular remodeling suggests a differential chronological involvement of each
layer of the artery.
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Background/Purpose: Primary Sjégren’s syndrome (pSS) is an autoimmune disease characterised by glandular involve-
ment of the eye and salivary glands, leading to xerostomia and xerophthalmia. In addition, this involvement can damage
other organs such as the lung, kidney, central and peripheral nervous system. Sustained inflammatory activity can lead to
non-Hodgkin’s lymphoma. At present, our knowledge of the molecular alterations underlying different clinical phenotypes
is still limited.

We aim to characterise the circulating inflammatory profile of pSS patients, using next-generation proteomic studies, in order
to identify new biomarkers and distinctive clinical subgroups.

Methods: In an 89 SSp patients cohort from a multicentre study between Ospedale Maggiore Policlinico in Milan and Hos-
pital Reina Sofia in Cordoba, a 92 inflammation-related serum proteins panel was analysed using the innovative Proximity
Extension Assay (PEA, Olink) technology. In parallel, a comprehensive clinical profile was performed, including measures
of activity (ESSDAI), cumulative damage (SSDDI), patient-reported damage (ESSPRI), health-related quality of life (HRQoL)
questionnaires for general health (SF-36), patient-reported damage (ESSPRI), as well as main clinical complications and
the prevalence of circulating autoantibodies.

Unsupervised clustering analysis (ward’s method) was applied to identify subgroups of patients based on their proteomic
profile; associations with clinical and laboratory variables were performed by means of ANOVA and Fisher’s test.

Results: Unsupervised clustering analysis in pSS patients distinguished three groups based on their inflamsmatory profile.
Clusters 1 and 3 had a well characterized proteomic profile (high and low expression, respectively) Further analyses showed
that the biological profile well mirrored clinical characteristics: Cluster 1, the most inflammatory, showed higher prevalence of
interstitial lung disease, arthritis and aphthous ulcers, higher ESSDAI activity index and lower SF36 physical function score;
cluster 3, had the lowest prevalence of symptoms.
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Figure 1: Analysis of the inflammatory proteome highlighting 3 distinct clusters

43 differentially expressed proteins were identified among clusters. Cluster 1 highlighted chemokines (MCP-1, CXCL11,
CXCL9, CCL4, SLAMF1, MCP-4, CCL11, CCL19, CCL3, CXCL10, X4E-BP1, IGN-gamma, MCP-2, CASP-8, CCL20),
growth factors (VEGF-A, TGFb-1, TGF-a, FGF-23, GFG-21, HGF, CSF-1), interleukins (IL8, IL6, IL17C, IL18, IL10Ra,
IL10RDb, IL18R1, IL12b, TNFSF14, TNF, TNFRSF9, TNFB), membrane proteins (CD8A, CDCP1, OPG, PDL1, CD5,

CD40) and enzymes (UPA, MMP1, ADA). These alterations could be associated with an increased invasive capacity of
immune cells. Furthermore, these proteins levels correlated with clinical ESSDAI, highlighting their potential as biomarkers
of disease activity.

Conclusion: The analysis of the circulating inflammatory profile of pSS patients, using new high-throughput proteomic tech-
nologies, allows the identification of distinctive molecular signatures associated with relevant clinical profiles. Identifying novel
biomarkers of activity has the potential to significantly enhance the precision and personalization of disease monitoring for
this condition.

Table 1: Clinical features
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Background/Purpose: Rheumatoid arthritis (RA) has been associated with bipolar disorder (BD) in epidemiological
studies, including a recent Mendelian randomization analysis. This study aims to prioritize candidate genes that contribute
to the shared genetic susceptibility between these two conditions, using data from genome-wide association stud-
ies (GWAS).

Methods: We obtained the summary statistics of the most recent GWAS in RA (PMID: 36333501, 22,350 cases and
74,823 controls) and BD (PMID: 34002096, 41,917 cases and 371,549 controls) of European ancestry. First, we per-
formed linkage disequiliorium score regression (LDSC) to estimate the genetic correlation between the two conditions.
We then conducted a cross-trait GWAS meta-analysis in RA and BD to identify shared genetic loci, using a fixed-effect
model with METAL software. An additional analysis was carried out reversing the effect direction of BD to detect
genetically associated loci with opposite effects. Next, we performed Bayesian genetic colocalization analysis between
RA and BD in loci that were significant in the cross-trait GWAS meta-analysis (p < 5x10®) to predict whether the
shared genetic susceptibility was due to the same causal single-nucleotide polymorphisms (SNPs). To evaluate the
functional consequences of the discovered signals, loci that were significant in cross-trait meta-analysis and predicted
to share the causal SNPs (pp.H4 > 70%) were selected for colocalization with tissue-specific expression quantitative
trait loci (eQTL) from the Genotype-Tissue Expression (GTEx), as well as plasma-based protein quantitative trait loci
(PQTL) from the Atherosclerosis Risk in Communities (ARIC) dataset. We prioritized genes that colocalized with QTL
signals of tissues relevant to RA and BD.

Results: Our analysis showed a modest negative genetic correlation between the two conditions (rgy = - 0.1183,
se = 0.0315, p = 0.0002). Two genomic loci, near rs112219496 (same effect direction, meta-analysis p = 1.35 x 1079,
pp.H4 = 91.2%) and rs 1569723 (opposite effect direction, meta-analysis p-value = 2.22 x 10, pp.H4 = 98.9%), were sig-
nificant in the cross-trait GWAS meta-analysis and colocalized between RA and BD (Table 1). The genomic locus near
rs112219496 colocalized with pQTL and eQTLs for CILP2 in plasma, lung, and brain tissues. The genomic locus
near rs1569723 colocalized with eQTLs for CD40 in the lung and brain tissues (Figure 1).

Conclusion: This study uncovers a complex relationship between the genetic susceptibilities of RA and BD. By implement-
ing post-GWAS analyses, we identified CILP2 and CD40 as being associated with both RA and BD. Interestingly, CILP2
exhibited the same effect direction in both conditions, while CD40 demonstrated the opposite effect direction.
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Table 1: Cross-trait meta-analysis of RA and BD and colocalization results of the regions +/- 500 kb of lead SNPs identified in cross-trait meta-
analysis.

Figure 1: (A) LocusZoom plots of the region near rs112219496 with RA, BD, pQTL for HAPLN4 and eQTL for CILP2. (B) LocusZoom plots of the
region near rs1569723 with RA, BD and eQTL for CD40. (C) Colocalization analysis with pQTLs and eQTLs across various tissues; each row rep-
resents a tissue, and each column denotes a gene. The color gradient from violet red to grey signifies the probability of GWAS loci and eQTLs shar-
ing the same causal variant (PPH4).
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Background/Purpose: We previously developed a novel machine learning (ML) pipeline leveraging analysis of gene expres-
sion data to identify subsets of SLE patients with common molecular patterns of disease, endotypes!'. These molecular
subsets had significant differences in clinical characteristics, the frequency of subsequent flares, and clinical responsiveness
to a lupus biologic, tabalumab. The current study makes use of the ML classifier to determine endotype membership in an
independent validation cohort of SLE patients.

Methods: Gene expression by RNA-sequencing of whole blood and clinical metadata were collected from 91 SLE patients
from two clinical trials (NCT03626311 and NCT03180021). Patients met ACR classification criteria of SLE and patients from
one trial had renal biopsies at the time gene expression was measured. A random forest classifier trained on 2183 lupus
patient gene expression profiles was used to predict endotype membership of the 91 patients. Lupus Cell and Immune
Score (LUCIS), a continuous score measuring the extent of modular immunologic abnormalities determined by ridge-
penalized logistic regression, was also calculated for each patient.

Results: The ML prediction of independent SLE patients into endotypes yielded eight subsets with molecular patterns mir-
roring those found previously in a development and testing cohort of 3166 patients (Figure 1). Endotypes were designated
A-H, with A representing the group with the least number of transcriptional lupus-related aberrancies and H representing
the group with the greatest immunologic perturbations. Groups H, A, C, and E were comprised of the greatest number of
patients whereas B and G were small and underrepresented in this cohort. Endotype H contained the greatest number
of patients with proliferative lupus nephritis (LN) whereas no patient with LN was found in subset A or B. Serum complement
differed among the subsets, with the more immunologically active having lower levels. LUCIS values reflected the immuno-
logical activity of the subsets but did not correlate with SLEDAI, although they were moderately, inversely correlated with
serum C3 and C4 levels (Figure 2). Eight patients had moderate/severe flares during the six months of the trials, of whom
all had elevated LuCIS scores at baseline.

Conclusion: A novel endotyping pipeline based on transcriptional profiles and ML accurately identified patient endotypes in
new datasets. Patients in the endotypes with the least immunologic activity did not have proliferative nephritis and also expe-
rienced no lupus flares during the subsequent six months. Endotyping SLE patients based on gene expression profiles can
provide important prognostic information and provide novel molecular insights in support of personalized management.

1. Kim YH, Park MR, Kim SY, Kim MY, Kim KW, Sohn MH. Respiratory microbiome profiles are associated with distinct
inflammatory phenotype and lung function in children with asthma. J Investig Allergol Clin Immunol. 2023 Jun 1:0. doi:
10.18176/jiaci.0918. Epub ahead of print. PMID: 37260034.
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Figure 1. Identification of Endotypes Among 91 SLE Patients Molecular subsets identified by a random forest algorithm using gene set variation
analysis (GSVA) enrichment scores of 26 immune/inflammatory modules. Clinical metadata for each patient (x-axis) was annotated as shown.
Heatmap constructed in R using the ComplexHeatmap package.

Figure 2. LUCIS Correlations with Clinical Data Pearson correlations of LUCIS values with baseline clinical characteristics. Each data point is colored
by endotype membership. Plots were constructed in R using the ggplot2 package.

Disclosure: E. Hubbard: None; P. Bachali: None; K. Kingsmore Allison: None; A. Grammer: None; P. Lipsky: None.
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Background/Purpose: Extracellular vesicles (EVs) have been implicated in autoimmune disease pathogenesis. Plasma-
derived DNA containing EVs have been shown to induce STING-mediated proinflammatory responses in dermatomyositis
(DM), but their protein content is not well characterized (Li Y et al. Plasma-derived DNA containing-extracellular vesicles
induce STING-mediated proinflammatory responses in dermatomyositis. Theranostics. 2021 May 21;11(15):7144-7158).

Methods: We collected EVs from plasma of 16 DM patients and 5 controls. EVs were isolated using sequential ultracentri-

fugation and size- exclusion chromatography, and their content analyzed by mass spectrometry (LC-MS/MS in DIA mode).
Over-representation analysis was conducted via http://webgestalt.org based on KEGG,GO and Reactome databases.

Differentially expressed proteins.
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Biomarker prediction. Recursive random forest feature selection predicts a group of 15 proteins to have optimal predictive value for disease state
and (left panel) and lists them with top-down probability scores (right panel).

Protein biomarkers that distinguish patients with DM from controls were assessed using the random forest algorithm. GPX3
abundance was validated in a second cohort by ELISA and data was analyzed by the Mann Whitney test.

Results: Sixty-seven proteins were uniquely detected in the patient cohort. Thirty-five proteins were significantly differentially
expressed, of which 13 were upregulated and 22 downregulated. Over-representation analysis found unique and upregu-
lated proteins enriched for myeloid mediated immunity, glutathione metabolism, nucleic acid synthesis and vesicle transport
pathways. Downregulated proteins were enriched for the classical and lectin complement pathways. The diminution of com-
plement components in vesicles may reflect its abundance in target tissues but may also reflect host inability to circulate
these molecules to damaged tissue, which in a chronic stage of disease may have a protective role. The antioxidant enzyme
glutathione peroxidase 3 (GPX3) was significantly less abundant in patients’ EVs compared to controls (p = 0.04) and was
assessed by machine learning to be amongst a group of proteins that distinguish patients from controls. GPX3 is a well-
known biomarker of certain types of cancer, where its downregulation is correlated with higher inflammmatory burden and
increased cell proliferation (Nirgude S, Choudhary B. Insights into the role of GPX3, a highly efficient plasma antioxidant, in
cancer. Biochem Pharmacol. 2021 Feb;184:114365). A similar mechanism may apply to DM patients, that may be suscep-
tible to oxidative stress due to defective transport of GPX3 by EVs. Alternatively, its lower abundance in EVs may indicate the
exhaustion of GPX3 in chronic inflammation.

Conclusion: Our findings indicate GPX3 as biomarker of disease in DM and underlines the importance of oxidative stress in
disease mechanism. This finding, along with a growing body of evidence, suggests roles for EVs as disease biomarkers and
prompts further mechanistic studies to elucidate the role of GPX3 transport by EVs not only in plasma, but also in muscle
and skin.

GPX3 abundance. EVs isolated from healthy control plasma contained more GPX3 than EVs isolated from dermatomyositis patients, as indicated
by ELISA performed on a second validation cohort of patients and controls. *p<0.05.
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Background/Purpose: In rheumatoid arthritis [RA], synovial biopsies were shown to guide therapy selection’. However,
biopsies require special training for clinicians and are semi-invasive for patients. Blood-based tests are a common procedure
in clinical practice. Prior research failed to capture synovial signals in RA patients via blood because of the limited circulation
of synovial-specific biomarkers and the dilution of molecular signals within the bloodstream. The study aims to investigate
synovium-specific transcriptomic signal in blood plasma by employing a novel DNA capture platform to comprehensively
analyze and characterize the molecular signatures in RA.

Table 1. Patient demographic characteristics
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Table 2. Methodological definitions

Table 3. Synovial fibroblast genes identified within synovial signatures

Methods: Plasma samples (n=229) from 89 individuals meeting 2010 ACR/EULAR classification criteria for RA, 62 with
inflammatory conditions, 12 with OA, and 29 healthy controls (Table 1) were processed using a blood-based assay that
enriches for non-hematopoietic signals. The epigenome atlas, comprised of 600,000 features, was evaluated using boot-
strap methods to select features that robustly differentiate RA from non-RA samples to generate a candidate list of genomic
feature locations. These were mapped to genes and compared to the reported pathways? identified in whole blood and
synovial tissue of patients with RA. A machine-learning training used 5-repeat 10-fold cross validation of the candidate fea-
tures that have overlapping genes with synovial pathways. The training generated the average area under the curve (AUC)
and performance metrics (sensitivity and specificity; Table 2)

Results: Participants had a mean (standard deviation, SD) age of 53.6 (16.63) years and were mostly female (67.9%) and
white (63.3%; Table 2). The RA patients were mostly seropositive (70%) and biologic-naive (93%). In the list of identified
genomic features, 88% overlapped with synovium pathway genes and 30% with blood pathway genes. Within
identified synovial signatures, 42% represent synovial fibroblast genes (Table 3); the remaining 58% of the features showed
significant enrichment of immune cell types, including, CD4+ and CD8+ T-cells, B-cells, and macrophages.

Conclusion: The developed non-invasive DNA capture assay identified synovium-specific gene expression signatures in
blood plasma of RA patients. Further clinical research is needed to validate these synovial signatures and confirm the clinical

utility of the developed classification system.

1. Humby F, et al. (2019); PMID: 30878974
2. Rychkov D, et al. (2021); PMID: 34177888

Note: both Dr. Shadick and Dr. Weinblatt are last authors.
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Background/Purpose: Cannabinoid receptor 2 (CB2) is a member of the cannabinoid receptor family and is encoded by
the CNR2 gene. CB2 receptors are found primarily in immune cells, and their activation exerts anti-inflammatory effects.
Genetic variants in CNR2 have been linked to pain, autoimmune disorders, and depression. The objective of this study
was to examine relationships between CNR2 variants and self-reported effectiveness of cannabis in the treatment of RA-
related pain.

Methods: Data were provided by adults with RA participating in FORWARD, The National Databank for Rheumatic Dis-
eases, who provided blood samples and reported the use of cannabis or cannabis-derived products for the purpose of
treating arthritis-related pain. Genotyping was performed with the lllumina Infinium Global Screening Array platform, and
CNR2 variants with minor allele frequencies greater than 0.05 were included in this analysis (SNPs rs4625225,
rs7512349, and rs9424399). Multivariable logistic regression was used to determine whether the presence of the minor
allele in each variant was associated with self-reported effectiveness of cannabis in managing RA-related pain. Models were
adjusted for age, sex, race, cigarette smoking history, RA duration, BMI, glucocorticoid use, NSAID use, opioid use, Rheu-
matic Disease Comorbidity Index (RDCI), history of depression, and Patient Activity Scale-Il (PAS-II).

Results: A total of 134 participants met inclusion criteria, of whom 79 (59%) found cannabis effective in treating their RA-
related pain. Respondent characteristics are presented in Table 1 and genotype distributions of the three variants are pre-
sented in Table 2. Adjusted models indicated that for all three variants, the presence of at least one copy of the minor allele
was associated with reduced odds (rs4625225 OR [95% CI] = 0.34 [0.14, 0.79], p=0.013; rs7512349 0.26 [0.11, 0.64],
p=0.003; rs9424399 0.28 [0.12, 0.69], p=0.005) of finding cannabis effective for pain management, compared to those
homozygous for the major allele. (Figure 1).
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Conclusion: Our results indicate that the perceived effectiveness of cannabis in the treatment of RA-related pain varies sig-
nificantly by CNR2 genotype. The three variants appear to be in linkage disequilibrium and are also all silent, so a related var-
iant not assessed by the array used in this study may be causative of the identified relationship. These results highlight the
possible impact of genetic variations on the therapeutic potential of cannabis for arthritis pain management, which may be
relevant for personalized medicine as legalization and medicinal use of cannabis continue to become more widespread in
the United States. Further research is warranted to confirm these findings, to elucidate the underlying mechanisms, and to
better understand the relationships between CB2 and pain, cannabis use, and any potential immunomodulatory effects.
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Background/Purpose: Esophageal involvement is one of the strongest predictors of early mortality in individuals with sys-
temic sclerosis (SSc). Individuals with SSc and esophageal involvement typically suffer from chronic acid reflux and dyspha-
gia due to loss of esophageal motility. However, the pathogenesis of esophageal dysmotility in SScis still poorly understood.

Recently, studies have demonstrated that esophageal epithelial cells (EECs) in the mucosa may play a more central role in
the pathogenesis of SSc esophageal dysmotility than previously thought. Most studies implicating EECs, however, have
been performed in mice or in vitro, and molecular analyses in humans have so far been limited to bulk tissues using micro-
arrays with inadequate controls. In this study, we performed a thorough transcriptomic investigation of the SSc esophageal
epithelium in humans using single-cell RNA sequencing (scRNA-seq) to determine whether distinct molecular and cellular
changes in EECs contribute to impaired motility of the esophageal wall in SSc.
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Methods: We performed scRNA-seq of paired proximal and distal esophageal mucosa biopsies from 10 individuals with
SSc and 6 healthy controls (HCs). We also evaluated samples from 4 individuals with gastroesophageal reflux disease
(GERD) to distinguish primary SSc effects from secondary reflux effects. We further assessed esophageal motility (normal,
weak, absent) in individuals with SSc using functional lumen imaging probe panometry and high-resolution manometry.
Cells were encapsulated using the 10X Genomics Chromium platform and sequenced on the lllumina Novaseq 6000. Reads
were aligned and quantified using Cell Ranger v6.1.2 and cell-specific gene expression was analyzed using Seurat v4.3.0.

Results: ScCRNA-seq generated 12.4 billion reads from 434,582 cells across 40 sequenced samples. Following quality control,
we annotated 230,720 EECs according to their differentiation state (basal, suprabasal, superficial). Overall proportions of basal,
suprabasal, and replicating EECs were similar across conditions, but SSc and GERD samples had significantly fewer terminally
differentiated, superficial cells than HCs. Differential gene expression analyses revealed dysregulated gene sets dependent on
condition, biopsy region, and EEC layer. A surge of gene dysregulation in the transition from suprabasal to superficial states
was observed in both SSc and GERD. We then modeled EEC differentiation as a continuous metric based on cumulative aver-
age expression of layer-specific markers and identified genes with condition-dependent expression trends as a function of EEC
differentiation, highlighting genes uniquely dysregulated in SSc, including those correlated with esophageal dysmotility.

Conclusion: Esophageal dysmoatility in SSc is associated with cellular and molecular changes in EECs distinct from second-
ary reflux effects. This work serves as an atlas for the human esophageal epithelium in SSc to direct future efforts to identify
actionable targets for treatment.

Disclosure: M. Dapas: None; H. Makinde: None; T. Therron: None; M. Clevenger: None; C. Wei: None; M. Karns:
None; K. Aren: None; D. Carlson: Medtronic, 2, 6, 12, license agreement; A. Soriano: None; L. Muhammad: None;
J. Pandolfino: Medtronic, 2, 6; H. Periman: None; D. Winter: Pfizer, 2; M. Tetreault: None.
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Background/Purpose: The existing literature on the genetics of polymyalgia rheumatica (PMR) is limited to candidate gene
studies with small sample sizes. There is a need for larger genetic studies in PMR to investigate genetic associations
throughout the whole genome. In this study, we aimed to perform a genome wide association study (GWAS) of PMR in
the UK Biobank and compare our results with the FinnGen cohort.

Methods: UK Biobank is a cohort study of around 500,000 individuals from United Kingdom. The study collected genomic
information on all participants which include 850,000 measured variants with over 90 million imputed variants using refer-
ence databases. The genetic data is linked with patient’s clinical record through International Classification of Diseases
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(ICD)-10 in addition to procedure and treatment codes. Patients with ICD-10 codes M31.5 Giant cell arteritis with polymyal-
gia rheumatica and M35.3 Polymyalgia rheumatica were included as cases. Controls were drawn from the same cohort in
1:20 case-control fashion and matched with regards to age, sex, and ancestry. The genome wide association analysis
was performed using PLINK 2.0 software through firth logistic regression using age, sex and first 5 principal components
(PC) as covariates. Single nucleotide polymorphisms (SNP) were filtered to include those with mean allele frequency greater
than 5% and imputation quality score greater than 0.95. Summary statistics for GWAS in the FinnGen cohort was down-
loaded from the most recent publicly available data release. The FinnGen GWAS was performed by defining individuals with
ICD-10 code M35.3 as cases and using REGENIE software with a two-step associated test utilizing firth logistic regression
and having sex, age, first 10 PCs and genotyping batch as covariates.

Results: There were 1890 and 3501 patients of PMR in the UK Biobank and FinnGen respectively. In the GWAS analysis in
the UK Biobank, 2460 variants in the MHC locus at chromosome 6 passed the genome wide significance level at 5x10® and
our quality filters. Our top hit was rs34535888, a SNP close to HLA-DRB1 gene. In the FinnGen, the top hit was rs34434863,
a variant close to HLA-DRB1 gene. Outside of the MHC locus, only rs7731626, an intronic variant at the ANKRD55 gene
passed genome-wide significance. Prior literature shows that the ANKRD55 variants affect the expression of the neighbor-
ing gene ILBST in various immune cells. There were three further loci with genome wide suggestive association (< 1x107)in
either UK Biobank or FinnGen, but none of these variants were replicated in both cohorts (Table 1). When we restricted the
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analysis to patients without concomitant RA or GCA diagnosis in the UK Biobank, the effect sizes were similar albeit with
larger p-values (Table 2).

Conclusion: In this study, we report the first genome-wide association analysis of patients diagnosed as PMR in the popu-
lation from the UK Biobank and FinnGen cohorts. We show that HLA-DRB1 and ANKRD55/IL6ST regions are associated
with PMR diagnosis. Both regions have strong biological plausibility due to previous research implicating HLA-DRB1 vari-
ants in genetic susceptibility to PMR and the evidence for the role of IL-6 in the disease pathogenesis.

Disclosure: M. Hocaoglu: None; J. Mikdashi: None; J. Perry: None; C. Hong: None.
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Background/Purpose: Deficiency of adenosine deaminase 2 (DADA2) is an autosomal recessive condition caused by bial-
lelic variants in the Adenosine deaminase 2 (ADA2) gene. Clinical manifestations are broad, but a vasculitis phenotype is
widely recognised. Although ADA2 expression is conventionally associated with myeloid cells, a recent report identified
expression in endothelial cells (ECs) and demonstrated Interferon (IFN) B induction in the absence of ADA2. The current
study aimed to investigate the expression and role of ADA2 in the endothelium.

Methods: ADA2 transcript expression was explored across different tissues and cell types using Blueprint, GTEX and in-
house short and long read RNA-seq datasets. Findings were validated by gRT-PCR, immunoblot and an ADA2 activity
assay in primary human umbilical vein and aortic ECs (HUVEC, HAEC) and the pro-monocytic cell line U937 .

Endothelial colony forming cells (ECFC) were cultured from peripheral blood mononuclear cells (PBMCs) isolated from
patients with DADA2 and healthy donors, following our established protocols.

Results: We identified 3 human ADA2 isoforms: ADA2 201 and 203, the classically described myeloid derived isoforms
(511 amino acids, aa) and ADA2 202 which was predicted to encode a shorter protein lacking a signal peptide and part of
the deaminase domain (270 aa) (Fig 1A). In contrast to 201 and 203, the 202 isoform appears widely expressed across tis-
sue types but absent from immune cells (Fig 1B & C).

Analysis of RNA-seq data identified 202 as the sole ADA2 transcript expressed in ECs (Fig 2A). This was confirmed by
gPCR using transcript-specific primers: 202 was the predominant isoform in ECs and 201/203 in PBMCs and U937
(Fig 2B).
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Figure 1A — 3 ADAZ2 isoforms exon map. Figure 1B — Blueprint blood database demonstrating ADA2 isoform expression in blood cells.
Figure 1C — GTEX data demonstrating ADA2 isoform expression in tissues.

Figure 2A — signal plot from our own RNAseq in Human Umbilical Vein Endothelial Cells (HUVEC) showing ADA2 202 transcript expression.
Figure 2B - RT-gPCR demonstrating expression of ADA2 202 and ADA2 201/208 in different cell types. Human Dermal Vascular Endothelial Cells
(HDVEC), Human Umibilical Vein Endothelial Cells (HUVEC), Peripheral Blood Mononuclear cells (PBMC), THP1 — monocyte cell line, U937 — pro-
monocytic cell line. Figure 2C — ADA2 enzymatic activity in lysate and supernatant from U937 and HUVEC
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Figure 3A — Volcano plot demonstrating differentially expressed genes with ADA2 KD in HUVEC. Figure 3B — Table demonstrating gene set enrich-
ment pathway analysis. NES — normalised enrichment score. FDR - false discovery rate.

Despite the presence of ADA2 202 mRNA, no protein or deaminase activity were detected in HUVEC or HAEC lysates or
supernatants (Fig 2C). Overexpression of 201 isoform demonstrated deaminase activity and protein secretion as expected;
in contrast 202 was enzymatically inactive, not secreted and retained in the insoluble protein fraction.

Since 202 was expressed at the mRNA but not protein level, we explored a possible regulatory function by siRNA knock-
down (KD) in HUVEC (90% KD achieved). ADA2 KD resulted in dysregulation of 352 genes and enriched inflammatory
(IFN, TNF), coagulant and apoptotic signalling suggesting an important role for 202 in endothelial homeostasis (Fig 3B).

Consistent with this, initial ECFC analysis demonstrated a lower proliferative and more inflammatory phenotype in DADA2
compared to healthy donor ECFC, characterised by increased ICAM-1, VCAM-1 and IFN-related gene expression (n=4

per group).

Conclusion: Endothelial ADA2 is expressed exclusively as the shortened 202 transcript but its protein form is undetectable.
Artificially overexpressed 202 accumulated in the insoluble protein fraction, lacked deaminase activity and thus appeared
non-functional. ADA2 knockdown in ECs led to upregulation of inflammatory apoptotic gene expression, potentially indicat-
ing a role for 202 in endothelial homeostasis as a non-coding RNA. Given its widespread tissue expression, genetic variants
affecting 202 could have implications for understanding the heterogenous manifestations of DADA2.

Disclosure: A. Porter: None; R. Maughan: None; C. Pericleous: None; L. Kabir: None; R. Stratton: Aurinia Pharma-
ceuticals Inc., 5, Riptide Bioscience Inc., 5; D. Haskard: None; P. Lee: None; T. Youngstein: None; J. Mason: None.
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Background/Purpose: Cellular interactions between alveolar macrophages (M®) and human lung fibroblasts (HLFs) con-
tribute to excessive pro-inflammatory and pro-fibrotic responses in rheumatoid arthritis interstitial lung disease (RA-ILD),
leading to pulmonary fibrosis. Our laboratory has previously shown that malondialdehyde-acetaldehyde (MAA) and citrulline
(CIT) modifications co-localize in the lung tissue of RA-ILD patients. However, the mechanism by which MAA and CIT

Figure 1. Representative top 5 genes from Nanostring Human Fibrosis Panel for mRNA levels of inflammation, initiation, modification, and prolifer-
ation fibrosis markers from stimulated HLF cells. HLF cells were stimulated with either supernatants from modified antigens-treated U937 cells or
with directly modified antigens. The data is represented as the relative quantity (Rqg) of fibrosis markers. The blue color represents an increase in
mRNA levels, while the yellow color represents a decrease.
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modified proteins alter cellular interactions between M® and HLFs has not been well delineated. The purpose of this study
was to identify fibrotic gene expression and activation of signaling pathways by HLFs in response to: 1) macrophage super-
natants (M®-SN) collected post-stimulation with MAA and/or CIT modified fibrinogen (FIB); or, 2) direct stimulation with MAA
and/or CIT modified FIB.

Methods: Primary HLFs were treated with either MAA and/or CIT modified FIB or with M®-SN collected from
PMA-activated U-937 cells following stimulation with MAA/CIT modified FIB. RNA was isolated 8-hours post-treatment
and evaluated for the expression of 770 genes using the NanoString® Human Fibrosis Panel. The top 30 genes with the
highest values for fold increase (compared to FIB or M®-SN™®) were categorized into four stages (inflammation, initiation,
modification, and proliferation) in the Nanostring® software based on their role in the fibrotic pathway, with several genes
exerting influence on multiple pathways. Additionally, HLFs were evaluated by Western Blot for phosphorylation of signaling
pathways involved in fibrosis.

Results: Treatment ofHLFs with M®-SN upregulated pro-fibrotic genes in all 4 pathways beyond the effects of direct anti-
gen stimulation (Fig.1). For inflammatory genes, exposure of HLFs to M®-SNFEMAACIT viglded the highest mRNA fold
increase vs. other groups. The top 5 inflammatory genes expressed following stimulation with M®-SNTEMAACIT v M-
SN™® were CD36 (9-fold; critical in fibroblast activation), C8A (8-fold; component of complement system), BST2 (7-fold;
bone marrow stromal antigen), BPM-10 (6-fold; bone morphogenic protein belonging to TGF-b family), MMP9 (5-fold; plays
a role in matrix remodeling). The top genes for initiation, modification, and proliferation upregulated in the M-SNTE-MAA-CIT

Figure 2. Phosphorylation of fibrosis signaling pathways in stimulated HLF cells. HLF cells were incubated with Md-SN for 90 minutes. Md-SN
were collected from U-937 activation with the modified fibrinogen antigens. (A) Representative Western Blots of HLF lysates probed with signaling
molecule antibodies. (B) Densitometry of normalized values (mean with SEM) to B-actin of signaling molecules. Comparisons made to FIB are illus-
trated above each bar: 91 1p<0.0001; n=3. Only significant differences between groups are illustrated: **p<0.001, ***p<0.0001.
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group were; CETP (14-fold), TJP2 (7-fold), and CD36 (9-fold), respectively. HLFs treated with M@®-SNTEMAACIT i
comparison to M®-SNTEMA ang Md-SNTBC'T showed an increased expression of phosphorylated; (p-) JNK (p < 0.001
vs. MF-SN™®), p-Erk1/2 (p < 0.0001), p-Akt (p < 0.0001), and p-FAK (p < 0.0001) (Fig.2). Direct antigen stimulation did
not upregulate any of the signaling pathways examined (data not shown).

Conclusion: Our studies demonstrate that HLF interaction with M® released mediators, particularly those initiated by expo-
sure to dually modified antigens, are necessary to engage all 4 relevant pathways involved in fibroblast-mediated pulmonary
fibrosis that characterizes RA-ILD. Identification of M® released soluble factors may serve as an important mediator of the
inflammatory and fibrotic processes underlying RA-ILD pathogenesis and could serve as a potential novel target for treatment.

Disclosure: N. Aripova: None; M. Duryee: None; C. Hunter: None; B. Butler: None; A. Nelson: None; B. England:
Boehringer-Ingelheim, 2, 5; J. O’Dell: None; J. Poole: AstraZeneca, 12, | have received no monies. | received anti-IL-
33 monoclonal antibody from AstraZeneca for animal research sutdies.; G. Thiele: None; T. Mikuls: Elsevier, 9, Horizon
Therapeutics, 2, 5, Pfizer, 2, Sanofi, 2, UCB Pharma, 2, Wolters Kluwer Health (UpToDate), 9.
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Background/Purpose: Most autoimmune diseases are polygenic, frequently with more than 100 gene variants contributing
to genetic predisposition. Given this complexity, conclusions on disease mechanisms are generally difficult to draw. Mono-
genic autoimmune diseases, while rare, offer a unique opportunity to develop models that enable a more mechanistic under-
standing of the disease process. Here, we have identified a family with IgG4-related disease (IgG4-RD) and dominant atopic
features. All three affected members shared mutations in the IKZF1 (c. 548G >A, p. Arg183His) and UBR4 (c. 12537T >A,
p. Cys4179Ter) genes, suggesting that either one of them or the combination of both conferred disease with high pene-
trance. UBR4 encodes a ubiquitin ligase involved in protein degradation, IKZF1 the transcription factor IKAROS.

Methods: PBMCs from patients and healthy controls were phenotyped by mass cytometry and flow cytometry. The influ-
ence of the variants on the transcriptome and proteome was determined and confirmed by gene silencing. In functional
studies, T cell receptor signaling, T cell activation and polarization were examined in patient-derived T cell lines. Gene silenc-
ing and forced overexpression of candidate molecules was used to confirm their role in disease-relevant pathways and con-
struct a model of distorted T cell activation and T cell differentiation due to the variants’ functions.

Results: Consistent with previous findings in non-hereditary IgG4-RD, all three patients had a prominent Th2 bias as deter-
mined by cytokine production, transcription factor expression and chemokine receptor profiles. The UBR4 mutation caused
truncation resulting in reduced function. The IKZF1 mutation was mapped to the DNA-binding domain, predicting increased
transcriptional regulation. Flow studies showed increased CD45 levels in all patients’ T and B cells. Consistent with
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increased CD45 phosphatase activity, LCK phosphorylation at inhibitory and stimulatory sites were reduced. Unexpectedly,
TCR signaling and T cell activation were upregulated in patients. Despite reduced LCK activity, the enhanced TCR signaling
was SRC family kinase (SFKs) dependent. After further examination of SFKs, FYN abundance was identified to be upregu-
lated in the patients. In contrast to its inhibitory effect on LCK, CD45 abundance activated FYN, which resulted in augmented
T cell activation. Mechanistically, the IKZF1 mutation resulted in increased binding to the FYN promoter and elevated tran-
scription of FYN. The UBR4 mutation affected CD45 levels post-transcriptionally by preventing its lysosomal degradation.
The hyperactivity of FYN not only reduced the threshold for T cell activation but also accounted for the increased Th2 polar-
ization by phosphorylating JunB.

Conclusion: We identified variants of the IKZF1 and UBR4 genes in familial IgG4-RD. The two mutations synergize to pro-
mote the expression and activity of the kinase FYN in T and B cells. Increased FYN activity induces unopposed T cell activa-
tion and enhances Th2 differentiation. Based on this disease model, we propose several molecular targets that can be
explored for therapeutic interventions in IgG4-RD and possibly other atopic diseases.

Disclosure: Q. Liu: None; K. Warrington: Bristol-Myers Squibb(BMS), 5, Chemocentryx, 1, 6, Eli Lilly, 5, kiniksa, 5;
M. Koster: None; C. Weyand: AbbVie/Abbott, 1, Bristol-Myers Squibb(BMS), 1, Gilead, 1; J. Goronzy: AbbVie/Abbott,
1, Bristol-Myers Squibb(BMS), 1, Gilead, 1.
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Background/Purpose: GWAS have identified multiple genetic regions that confer risk for juvenile idiopathic arthritis (JIA).
However, identifying the single nucleotide polymorphisms (SNPs) that drive disease risk has been impeded by the fact that
the SNPs used to identify risk loci are in linkage disequilibrium (LD) with hundreds of other SNPs. Since the causal SNPs
remain unknown, it is difficult to identify target genes, and thus use genetic information to elucidate disease biology and
inform patient care. We have therefore developed a functional genomics pipeline to identify causal variants and their target
genes on JIA risk haplotypes.

Methods: We designed 180 bp oligonucleotides (“oligos”) representing 7,312 SNPs in LD with the tag SNPs on JIA risk loci
(r* = 0.80).0ligos were bar coded and cloned into a green fluorescence protein (GFP)-carrying plasmid vector behind a min-
imal promoter. We transfected our oligo libraries into myeloid K562 cells to conduct a massively parallel reporter assay
(MPRA) in which GFP expression for each of the 7,312 SNPs was compared to the common allele. We then used 3D chro-
matin data to identify the chromatin loops harboring the enhancers carrying SNPs that screen positive on MPRA. We used
K562 cells stably transfected with the epigenome editing enzyme dCas-KRAB and gRNAs across the enhancer regions in
the TRAFT and LNPEF/ERAP2 loci, inducing dCas-KRAB with doxycycline and using grtPCR to query expression levels
of genes within the same chromatin loops.
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Results: We identified n=44 SNPs that showed a significant difference in gene expression (FC > 2.0, FDR = 0.05) when com-
pared to the common allele. After stimulating K562 cells with IFNy (250 ng/ml), we identified an additional 42 SNPs that showed
significant effects on gene expression that were not identified in unstimulated cells. In many cases, we identified multiple alleles
on the same haplotype, although these alleles were not necessarily within the same functional element (e.g., intergenic vs intro-
nic enhancers). Ablating the intergenic enhancer harboring rs10985080 on the TRAFT haplotype using CRISPRIi significantly
reduced the expression of PHF1, but not C5, which is in the same chromatin loop. Using a similar approach for an intergenic
enhancer in the LNPEP/ERAP2 locus, we found reduced expression of both LNPEP and ERAP2 but not CAST.

Conclusion: We demonstrate proof-of concept for identifying causal variants on JIA risk haplotypes based on observed
functional properties that distinguish them from the SNPs in which they are in LD. We also demonstrate that, once these var-
iants are identified, target genes can be quickly identified using publicly available 3D chromatin data and additional functional
assays such as CRISPRI.

Disclosure: K. Jiang: None; t. liu: None; R. Tewhey: None; S. Kales: None; Y. Park: None; J. Jarvis: None.

CRISPi identifies target genes of enhancers harboring JIA-associated variants detected on MPRA. (A). gRNAs used for epigenome editing exper-
iments. The scrambled gRNA is a non-targeting negative control gRNA. For each experiment, 4 gRNAs were targeted to the functional regions of
intergenic enhancers in the TRAF1 locus and the ERAP2/LNPEP locus. (B) Attenuation of the intergenic enhancer at the TRAF1 locus significantly
reduced expression of PHF19, but not C5 (not shown). Off-target effects are monitored by showing that these gRNAs have no effect on HBET1
expression, but that gRNAs directed to an enhancer known to regulated HBE1 attenuates expression. Bar graphs summarize the results of 4 inde-
pendent experiments. (C) Attenuating the intergenic enhancer in the LNPEP/ERAP2 locus reduces expression of both LNPEP and ERAP2, but not
the adjacent gene, CAST, nor the HBE1 gene (not shown). In each experiment, scrambled versions of the gRNAs had no effect on expression of
the putative targets. **p<0.01; **p<0.001.



53

Abstract Number: 0032

Quantification of the Escape from X Chromosome Inactivation with the
Million Cell-scale Human Blood Single-cell RNA-seq Datasets Reveals
Heterogeneity of Escape Across Immune Cells and Escape in the
Autoimmune Disease Conditions

Yoshihiko Tomofuji', Ryuya Edahiro’, Yuya Shirai', Kyuto Sonehara?, Qingbo Wang', Atsushi Kumanogoh' and
Yukinori Okada®, "Osaka University, Suita, Japan, 2University of Tokyo, Tokyo, Japan, 2University of Tokyo / Osaka
University / RIKEN, Tokyo, Japan

SESSION INFORMATION

Session Date: Sunday, November 12, 2023

Session Title: Genetics, Genomics & Proteomics Poster
Session Type: Poster Session A

Session Time: 9:00AM-11:00AM

Background/Purpose: Understanding the differences in the immune system between sexes is important to elucidate
the pathogenesis of autoimmune diseases which are more prevalent in females than males. One of the two X chromo-
somes of females is silenced through X chromosome inactivation (XCl) to compensate for the difference in the X chro-
mosome dosage between sexes. There exist several genes which ’escape’ from XCI, which could contribute to the
differential gene expression between sexes. The differences in the escape across cell types are still poorly character-
ized, especially across immune cell types, even though a large number of immune-related genes are located on the
X chromosome. Although previous studies suggested that abnormal escape of a few immune-related genes could con-
tribute to autoimmune diseases, systematic evaluation of the association between escape and autoimmune diseases
has not been conducted.

Methods: We investigated the escape across immune cell types utilizing the largest scale scRNA-seq datasets

Degree of escape tended to be higher in lymphoid cells than in myeloid cells. The plots indicate the result of the comparison of log2 fold changes in
the DEG analysis (left) and the ratio of the expression from the inactivated X chromosome (right) between CD4 positive T cells (x-axis) and mono-
cytes (y-axis). The dashed lines indicate y = x.
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The scLinaX successfully detected the escape from the inactivated X chromosome for the previously reported escapee genes. A plot indicating the
ratio of the gene expression from inactivated X chromosome quantified by scLinaX (y-axis) and the positions on the X chromosome (x-axis). The
color of the points indicates whether the genes escape from the X chromosome inactivation or not based on the previous literature. The error
bar indicates the standard deviations.

(1) ~1,000,000 peripheral blood mononuclear cells (PBMCs) from 489 East Asian participants (Asian Immune Diversity Net-
work), (2) ~1,000,000 PBMCs from 147 Japanese (72 COVID19 patients and 75 healthy participants) (3) ~1,000,000
PBMCs from 162 systematic lupus erythematosus patients and 99 healthy participants including East Asian and European.

We performed differential expression gene (DEG) analysis between sexes across immune cell types. In addition, we newly
developed a method, single-cell Level inactivated X chromosome mapping (scLinaX), which directly quantifies gene
expression from the inactivated X chromosome (Xi). Although the previous studies required plate-based scRNA-seq data

Comparison of the ratio of the gene expression from inactivated X chromosome between healthy control (HC) subjects (x-axis) and systemic lupus
erythematosus (SLE) subjects (y-axis). The error bar indicates the standard deviations.
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which had rich per-cell information at the cost of throughput and cost efficiency for analyzing escape, scLinaX could be
applied to the droplet-based scRNA-seq data which are high throughput and widely used.

Results: DEG analysis for each immune cell type revealed that degree of female-biased expression of escapee genes was
stronger in lymphocytes than in myeloid cells (Figure 1). The scLinaX successfully detected the gene expression from the
Xifor the previously reported escapee genes (Figure 2). The scLinaX revealed the stronger degree of escape in lymphocytes
than in myeloid cells suggesting that difference in escape makes the heterogeneity of sex-associated differential gene
expression across cell types (Figure 1). We also fou