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Abstract Number: 0001

Autoantigenic Properties Indicated for the Entire Aminoacyl tRNA
Synthetase Family in Idiopathic Inflammatory Myopathies

Charlotta Preger’, Antonella Notarnicola', Cecilia Hellstrom? Edvard Wigren', Catia Cerqueira’, Peter Nilsson?,
Ingrid E Lundberg', Helena Persson®, Susanne Graslund' and Per-Johan Jakobsson®, 'Karolinska Institutet, Karolinska
University Hospital, Division of Rheumatology, Department of Medicine Solna, Stockholm, Sweden, Stockholm,
Sweden, “Division of Affinity Proteomics, Department of Protein Science, KTH Royal Institute of Technology &
SciLifeLab, Stockholm, Sweden, *4Dcell, Montreuil, France, “Drug Discovery and Development Platform, SciLifeLab &
School of Engineering Sciences in Chemistry, Biotechnology and Health, Royal Institute of Technology (KTH), Solna,
Sweden, *Karolinska Institutet, Stockholm, Sweden

SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster (0001-0010)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: Autoantibodies are thought to play a key role in the pathogenesis of idiopathic inflammatory
myopathies (IIM). However, 40% of [IM patients, even those with clinical manifestations of anti-synthetase syndrome
(ASS), test seronegative to all known myositis specific autoantibodies (MSAs). Therefore, we hypothesized the exist-
ence of new potential autoantigens and we included all human cytoplasmic aminoacyl tRNA synthetases (aaRS) in
an autoantibody screening of patients with [IM.

Methods: Plasma samples and clinical data from 217 IIM patients were collected from the Karolinska University Hos-
pital myositis cohort. Fulfillment of the 2017 classification criteria (1) for IIM and Connor’s criteria (2) for ASS was ver-
ified for all patients. Patients were divided into two groups based on the ASS status (not available for 2/217 patients)
and clinical manifestations were compared. Autoantibodies (MSAs and myositis associated autoantibodies (MAAS))
were tested in the clinic by standardized immunoassays (ELISA, line lot or immunoprecipitation). The 217 plasma
samples were screened, using a multiplex bead array assay, for the presence of autoantibodies against a panel of 118
recombinant protein variants, representing 33 myositis-related proteins, including all 20 cytoplasmic aaRS.

Results: Fifty patients with and 165 without ASS were identified. In the non-ASS group, 69% were seronegative for
MSAs. Frequency of muscle and skin involvement did not statistically differ between the two groups, while Raynaud’s
phenomenon, arthritis, ILD and cardiac disease were statistically more frequent in the ASS group. On the contrary,
dysphagia was statistically more prevalent among the non-ASS patients. By performing the multiplex assay, we could
confirm reactivity to Jo1, PL-12, PL-7, and EJ in 44/49 patients with ASS, but not to OJ (1 patient) in the ASS group.
We identified patients positive for anti-Zo (n=5), -KS (n=2) and -HA (n=8), 9/10 from the non-ASS group. In addition,
we identified 12 patients positive for autoantibodies targeting other aaRS (3 from the ASS group, and 9 from the non-
ASS group). These novel reactivities could be confirmed by ELISA. Ten of 22 reactivities were identified in patients
previously known as seronegative.

Conclusion: Our results suggest that all aaRS may become autoantigenic. Autoantibodies against new aaRS might
be found in plasma of patients previously classified as seronegative with potential high clinical relevance.
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Salivary Sodium Levels in the Parotid Salivary Gland of SS Patients
Suggest B-cell Mediated Epithelial Sodium Channel Disruption
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SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster (0001-0010)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: Patients with Sjogren’s syndrome (SS) suffer from significantly reduced saliva production.
Saliva is important for oral health. A careful of sodium, chloride, potassium and phosphate ions in saliva is essential
for this. Studies have suggested that salivary levels of sodium are increased in SS patients but no mechanism for the
increased sodium has been suggested. We aimed to perform an extensive characterization of sialochemical param-
eters in SS patient saliva compared to non-SS sicca patients, correlate this with SS histopathology, and investigate
potential mechanisms underpinning any differences observed.

Methods: Unstimulated and stimulated submandibular/sublingual (SmSI), and stimulated parotid (Par) saliva was col-
lected from 32 SS patients diagnosed according to the 2016 ACR-EULAR criteria. For comparison, 62 non-SS sicca
control patients were analysed. Sodium, chloride, phosphate and potassium ion concentration, a-amylase activity
and total protein content were measured as sialochemical parameters. CD45, CD20 and CD3 percentage positive cell
area in parotid biopsies were quantified, and determination of lymphoepithelial lesion (LEL) severity was carried out
as published (1,2). Epithelial sodium channel (ENaC) immunostaining was performed according to standard protocols.

Results: Sodium concentrations were significantly higher in unstimulated SmSI (p< 0.0001), stimulated SmSI
(p=0.002), and stimulated Par saliva (p< 0.0001) of pSS patients, compared to non-SS controls (Fig1A). No other
sialochemical readout was so significantly different between in saliva from pSS and controls. Stimulated Par saliva
sodium levels positively correlated with the percentage of CD45" infiltration (r=0.69, p< 0.001; Fig1B) and CD20"
B cells in pSS patient parotid glands (r=0.73, p< 0.0001; Fig1C) and maximum LEL severity score (r=0.46, p=0.02;
Fig1D) in patient parotid glands. Percentage area of CD3" T cells were only fairly correlated with salivary sodium
(r=0.23, p=0.015). No significant correlation between other sialochemical parameters and infiltration was observed.



In non-SS control parotid tissue, ENaC, responsible for transport of sodium out of saliva, into ductal cells, was clearly
localized at the apical membrane of the luminal striated duct cells (Fig1E,F). In tissue from SS patients with a positive
FS, and SS patients with positive FS and presence of LELs, ENaC appeared to be absent from the apical membrane
of the ductal cells (Fig1G,H).

Conclusion: We confirm that salivary sodium levels are increased in patients with SS and extend this observation
by correlating these levels with the percentage of CD45" and CD20" infiltration. In SG tissue of SS patients with in-
flammatory foci (with and without LELs), the ENaC protein does not appear to be present at the apical membrane of
the ductal cells. We hypothesize that B cell-related cytokines in SS are directly responsible for the dysregulation of
sodium transport channels in SS and may represent a larger driving force behind decreased oral health in SS patients
than previously appreciated.

N/A
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Clinically Identifiable Autoreactivity Is Common in Severe SARS-CoV-2
Infection
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Atlanta, GA, ‘Emory University, Decatur, GA, *Exagen Inc., Vista, CA, “‘Emory University School of Medicine, Atlanta, GA



SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster (0001-0010)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: A massive expanson of plasmablasts or antibody secreting cells (ASC) have been shown
in severe patients with SARS-CoV-2 infection and in patients with autoimmune disease i.e. Systemic Lupus Erythe-
matosus (SLE). The ASC responses in severe SARS-CoV-2 infections are associated with an intense extrafollicular
(EF) B cell response reminiscent of flares in SLE patients. Additionally, autoantibodies against phospholipids, type-I
interferons, and other targets have been reported in SARS-CoV-2 infection. These observations raise the possibility
that severe SARS-CoV-2 infection results in breaks of self-tolerance to autoantigens.

Methods: Peripheral blood was prospectively collected from two groups of patients with COVID-19: 26 critically
ill and 18 outpatients together with 15 healthy adults. Plasma from these samples was tested for a variety of auto-
immune serologies. Additionally, we retrospectively collected data from 31 critically ill patients with COVID-19 who
had autoimmune serologies ordered by their treatment team in the course of their ICU care in two academic ICUs in
Atlanta, Georgia, USA.

Results: In the prospective cohort, autoantibodies were found more frequently in the plasma of critically ill subjects
compared to healthy donors. Although there was no significant difference between dsDNA levels or ANA titers be-
tween groups, there were significantly higher levels of anti-carbamylated antibodies in the critically ill group. Notably,
these levels were similar to levels in donors with SLE. In the retrospective cohort, 44% of patients had positive levels
of ANA at > 1:80 in a predominantly speckled pattern (50%). Of positive tests, 81% displayed titers of >1:160, with
the higher titers ranging from 1:320-1:640. Anti-RNP and anti-centromere IgG titers were detected in 2 of 22 ANA+
patients. Reactivity against rheumatoid factor (10/52), phospholipids (3/52), prothrombin (2/52), and c-ANCA (2/52),
with or without ANA reactivity, suggests broad autoimmune targeting. 59% of ANA+ patients displayed at least one
other positive auto-reactive antibody test. Longitudinal data in seven patients showed that two subjects had in-
creased ANA titers, one remained at 1:360, and one became negative.

Conclusion: Our findings invite two interpretations. Either patients with undocumented and pre-existing autoim-
munity comprise the majority of the critical illness within our cohort or, more likely, the immunological environment of
serious COVID-19 infection is sufficient to drive de novo autoreactivity against a variety of self-antigens. Longitudinal
study of recovered patients will be critical in understanding the persistence of this autoreactive state, its role in the
increasingly documented cases of ‘lingering’ COVID-19, and its propensity for conversion into self-sustaining auto-
immunity.

Disclosure: R. Ramonell, None; M. Woodruff, None; M. Rudolph, Exagen, Inc, 3, 11; F. Lee, MicoBPlex, 8; I. Sanz,
None.
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Unappreciated Systemic Metabolic Functions of the Canonical B Cell
Cytokines, BAFF and APRIL: Regulation of Lipolysis and Non-shivering
Thermogenesis and Protection from Obesogenic Diet Induced Weight
Gain
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SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: B Cell Biology & Targets in Autoimmune & Inflammatory Disease Poster (0001-0010)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: The impact of immune mediators on weight homeostasis and systemic metabolism remains
underdefined. Interrogation of resistance to diet-induced obesity in mice lacking a negative regulator of Toll-like re-
ceptor signaling serendipitously uncovered a role for B cell activating factor (BAFF). Here, we sought to define nonca-
nonical roles for role BAFF and the BAFF homolog, A proliferation-inducing ligand (APRIL), as regulators of systemic
metabolism and weight homeostasis.

Methods: Multiple murine genetic models with variable levels of BAFF and APRIL sufficiency/overexpression were
examined in the context of an in vivo model of obesogenic diet-induced obesity. Direct effects of BAFF on murine
white adipose tissue and brown adipose tissue adipocytes were examined in vitro and in vivo. Whether these effects
on murine metabolism were relevant to humans was assessed by examining plasma BAFF and APRIL levels with
BMI change in response to bariatric surgery in obese individuals. Similarly, the direct effects on human white adipose
tissue were assessed by examining the expression of orthologous human genes on white adipose tissue adipocytes
in response to treatment with recombinant human BAFF and APRIL.

Results: Overexpression of BAFF in multiple mouse models associates with protection from weight gain, approx-
imating a log-linear dose response relation to BAFF concentrations. Gene expression analysis of BAFF-stimulated
adipocytes unveils upregulation of lipid metabolism pathways, with BAFF inducing white adipose tissue (WAT) lipoly-
sis. Brown adipose tissue (BAT) from BAFF-overexpressing mice exhibits increased Ucp1 expression and BAFF pro-
motes brown adipocyte respiration and energy expenditure. A proliferation-inducing ligand (APRIL), a BAFF homolog,
similarly modulates WAT and BAT lipid handling. Genetic deletion of both BAFF and APRIL augments diet-induced



obesity. Importantly, BAFF/APRIL effects are conserved in human adipocytes and higher BAFF/APRIL levels correlate
with BMI decrease after bariatric surgery. Finally, preliminary results suggest that the critical source BAFF in these
models is intestinal epithelial cells.

Conclusion: Together, our results define the BAFF/APRIL axis as a multifaceted immune regulator of weight gain and
adipose tissue function. The percentage change in BAFF sufficient to modify obesity in murine models is comparable
to levels that increase risk of Lupus and Multiple Sclerosis in humans. Thus, these findings will inform our understand-
ing of the unexpected potential metabolic effects of B-cell targeted therapies in humans.

Disclosure: I. Harley, None; C. Chan, None; P. Pfluger, None; T. Aurelien, None; T. Stankiewicz, None; J. Allen,
N/A, 12, Patent on BAFF and APRIL; M. Moreno-Fernandez, None; M. Damen, None; J. Oates, None; P. Alarcon,
None; J. Doll, None; M. Flick, None; L. Flick, None; J. Sanchez-Gurmaches, None; R. Mukherjee, None; R. Karns,
None; M. Helmrath, None; T. Inge, None; S. Weisberg, None; S. Pamp, None; D. Relman, None; R. Seeley, con-
sultant to Novo Nordisk, Sanofi, Scohia, GuidePoint Consultants, Kintai Therapeutics, and lonis., 2, Novo Nordisk,
Zafgen, Astra Zeneca, Redesign Health, lonis and Pfizer, 12, research support or equity; M. Tschoep, Novo Nordisk
and ERX, 1; C. Karp, N/A, 12, Patent on BAFF and APRIL; S. Divanovic, N/A, 12, Patent on BAFF and APRIL, Jans-
sen Research & Development, 2.
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Background/Purpose: Sjégren’s syndrome (SjS) involves chronic inflammation of exocrine glands that can be com-
plicated by extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT). We analyze the gen-
eration of the antinuclear (ANA) and rheumatoid factor (RF)-specific B cell repertoires, and their interaction in patient
tissues before and at disease relapse after rituximab treatment.

Methods: We analyzed blood and tissues of 6 SjS patients with anti-Ro60, anti-Ro52, anti-La and RF autoantibodies.
We analyzed the tissues of 2 patients that had been diagnosed with MALT lymphoma and were subsequently treated
with rituximab monotherapy. We analyzed anti-Ro60, anti-Ro52, anti-La and RF clones using a combination of new,
partly self-developed tools to analyze autoreactive B cell receptors at DNA, RNA, protein and single cell level.

Results: In affected tissues anti-Ro52, anti-La and anti-Ro60 clones outnumbered RF clones. Compared to ANA
clones affinity maturation of RF clones was IgM directed and depended on the structural integrity of the frame work
regions of preferred variable immunoglobulin segments. In MALT lymphoma tissues lymphomatous clones were



solitary large RF clones using shared sequence motifs and displaying high intra-clonal diversification. These co-
occurred with a high number of ANA clones. At clinical relapse after rituximab treatment dominant persistent MALT
or other RF clones proliferated in a memory, intra-clonal diversification directed recall response. In the same tissues
many small ANA clones displayed a plasma cell directed recall response.

Conclusion: We find divergent affinity maturation of RF compared to ANA clones, that exacerbates in RF-clone de-
rived MALT lymphomas and at regeneration of disease manifestations after rituximab.

Disclosure: M. Broeren, None; G. Balzaretti, None; J. Wang, None; P. Groenen, None; B. van Schaik, None; T.
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Background/Purpose: Since the description of age-associated B cells (ABC), there has been a growing interest in
the role of these cells in autoimmunity. Evidence suggests that ABC are involved in antigen presentation, autoanti-
body production and demonstrates a particular response to Toll-like receptor stimulation'?. The study of lymphocyte
metabolism in SLE has revealed that metabolic pathways are hyperactivated in lupus-prone mice compare to con-
trols and that the treatment with metabolic inhibitors reverses these changes®*. In this study, we test the hypothesis
that ABC cells show increased metabolic activity and the altered metabolism in ABCs is responsible for the promotion
of Tth cell differentiation.

Methods: ABC cells were identified by the definition of CD11c+/ CD11b+ in CD19+ B cells by flow cytometry analy-
sis. For the metabolism study, ABCs were isolated from spleens of 10-12-month old lupus-prone mice, triple congen-
ital sle1,2,3 (TC) and B6.lpr, and age-matched C57BL/6 controls, and metabolism (oxygen consumption (OCR) and
extracellular acidification rate (ECAR)) was analyzed by the seahorse assay with XFp cell mito stress kit. Tth differen-
tiation was conducted by co-culture of naive CD4+ T cells and isolated ABCs or follicular B cells (FO B) for 3 days.
After the co-culture, Tth cells were identified by CXCR5+/PD1+ CD4+, and activation of T cells were measured by the
expression of CD44 on T cells by flow cytometry analysis. Under similar co-culture condition of ABC and Naive CD4+
T cells, the effects of various agents, Metformin, Etomoxir and N-Acetyl cysteine on differentiation was assessed.

Results: We observed that ABCs have increased mitochondrial metabolism (but not glycolysis measured by ECAR)
in lupus-prone mice compared to ABC from age-matched controls. No difference in metabolism was found in FO B
cells between lupus mice and controls. After 72 hours of coculture condition naive CD4 T cells with B cells, both FO
B and ABCs induced T cell activation and proliferation equally, but there was a higher percentage of activated T cells
differentiated into CXCR5+ PD1+ Tth cells by ABCs compared to T cells with FO B. The differentiation and activation
of T cells were suppressed by metformin treatment.



Conclusion: ABC cells show an increase in mitochondrial metabolism measured by OCR compared to controls.
Coculture of ABCs with naive CD4 T cells induced differentiation to T cells with makers of Tfth cells. Blocking of
mitochondrial activation by metformin could suppress Tth differentiation. This data suggests that this increase in
metabolic activity might correspond with the inflammatory profile of ABCs.
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Background/Purpose: Rheumatoid arthritis (RA) patients often develop rheumatoid factors (RFs), antibodies that
bind IgG Fc, and anti-modified protein antibodies (AMPAs), multi-reactive autoantibodies that commonly bind citrul-
linated, homocitrullinated, and acetylated antigens. Recently, antibodies that bind citrulline-containing IgG epitopes
were discovered in RA, suggesting that additional undiscovered IgG epitopes could exist and that IgG could be a
shared antigen for RFs and AMPAs. The objective of this study was to reveal new IgG epitopes in rheumatic disease
and to determine if cross-reactive AMPAs bind IgG.

Methods: Using RA, lupus, Sjogren’s syndrome, and spondyloarthropathy sera, IgG binding to native, citrulline-
containing, and homocitrulline-containing linear epitopes of the IgG constant region were evaluated by peptide array
with novel epitopes further evaluated by ELISA. Monoclonal AMPA binding to IgG-derived peptides and IgG Fc was
evaluated by ELISA.

Results: Seropositive RA sera had high IgG binding to multiple citrulline- and homocitrulline-containing IgG-derived
peptides, whereas only anti-SSA+ Sjogren’s Syndrome had consistent binding to a single linear native epitope of IgG.
AMPASs bound citrulline- and homocitrulline-containing IgG peptides and modified IgG Fc.

Conclusion: The repertoire of epitopes bound by AMPAs includes modified IgG epitopes, positioning IgG as a com-
mon antigen that connects the divergent reactivities of RFs and AMPAs.
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Background/Purpose: Anti-tRNA synthetase syndrome (ARS) is a severe systemic autoimmune disease associated
with myositis, interstitial lung disease, rash, and arthritis. ARS is associated with autoantibodies towards the tRNA
synthetases, the most common being anti-histidyl tRNA synthetase (Jo-1). We previously showed Jo-1-binding B
cells (JoBCs) isolated from Jo-1 autoantibody+ (Jo-1 ARS) patients are skewed towards a non-class-switched B cell
subset that has phenotypic features of autoreactive-prone memory B cells. Mutated JoBC B cell receptors (BCRs),
which dictate antigen specificity, would imply a requirement for T cell selection, whereas germline BCRs would point
to T cell-independent mechanisms of JoBC expansion. Our objective was to define BCR V gene usage and mutation
among BCRs expressed by JoBCs and determine phenotypic and BCR repertoire features of highly expanded B cell
clones in ARS patients.

Methods: We applied human hybridoma technology to identify Jo-1 autoantigen-binding B cells. Additionally, single-
cell, tandem RNAseqg/BCRseq and a modified Seurat and IMGT/HighVQUEST-based pipeline was used to identify
and analyze expanded B cell clones isolated from Jo-1 ARS, non-Jo-1 ARS, and healthy control peripheral blood
(n=5 donors per group). BCR gene structure and phenotypic attributes were determined.

Results: JoBC hybridoma clones expressed germline and mutated BCRs. VH4-34 and VH3-21 were identified
among JoBC hybridomas as well as clonally expanded B cells in our single-cell dataset isolated from distinct donors.
Clonally-expanded B cells were biased towards memory and plasmablast subsets in both Jo-1 ARS and non-Jo-1
ARS patients. The majority of Jo-1 ARS expanded clones were not class-switched, whereas IgG and IgA class-
switched clones were more predominant in non-Jo-1 ARS.

Figure 1. Somatically-mutated as well as germline BCRs confer Jo-1 autoantigen recognition. A) Jo-1 reactivity of representative JoBC
monoclonal hybridoma lines is shown by ELISA. B) % Somatic hypermutation (y-axis) and VH gene identity (x-axis) is shown. C) BCR structural
model of JoBC hybridoma line 1E7 depicts amino acid mutations as sticks (e.g., arrows). VH CDR loops (red), VL CDR loops (blue).
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Figure 2. Single-cell transcriptomics identifies distinct B cell subsets in peripheral blood. Single-cell RNAseq and BCRseq technology was
used to profile purified B cells isolated from ~5x106 cryopreserved PBMCs per donor from Jo-1 ARS patients, Non-Jo-1 ARS patients, and
healthy controls (n=5 donors per group). Seurat was used to determine A) RNAseqg-based B cell clusters, B) BCR isotype, and C) specific
gene expression profiles to define B cell cluster identities (expression of selected genes is shown). Memory B cell (blue circles) and plasmablast
subsets (pink circles) are highlighted in panels A-B.

Conclusion: These data suggest B cell clones can expand, enter memory, and differentiate into plasmablasts prior
to class-switching, particularly in Jo-1 ARS patients. Our approaches to identify autoantigen-specific and clonally-
expanded B cells could be used to track B cell perturbations as correlates of conventional or experimental immune
therapy responsiveness. Improved monitoring of deleterious expansion of autoantigen-specific B cells could improve
disease management in ARS patients and other rheumatic diseases. Germline VH4-34 cross-reacts with commensal
bacteria, providing a potential mechanism for JoBC immune tolerance breach prior to somatic hypermutation and T
cell selection.
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Figure 3. Clonally expanded, memory B cells isolated from Jo-1 ARS and non-Jo-1 ARS patients express both minimally and highly mutated
BCRs, which are skewed towards non-class-switched isotypes in Jo-1 ARS patients. B cell subsets were identified as in Fig. 2; memory B
cell (blue circles) and plasmablast subsets (pink circles) are highlighted. A) Integrated Seurat and IMGT/HighV-QUEST BCR gene analysis
identified clonally expanded B cells (n>3 clones per clonotype, teal) among Jo-1 ARS (left), non-Jo-1 ARS (middle), or healthy controls (right),
n=>5 participants per group. B-D) Data filtered on clonally-expanded B cells from Jo-1 ARS or Non-Jo-1 ARS patients show: B) BCR isotypes,
C) BCR V gene usage, and D) BCR somatic hypermutation (depicted by heat scale).

Disclosure: E. Wilfong, Boehringer-Ingelheim, 1, 5; A. Cisneros, None; J. Young-Glazer, None; S. Smith, None; L.
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Background/Purpose: We compared humoral immune responses against SARS-CoV-2 to responses against spike-
antigen after vaccination.

Methods: 800 health-care workers from University Medical Center Freiburg, Germany, were pursued for 9 months;
120/800 had COVID-19 infections. IgM, IgG and IgA responses against spike, nucleocapsid, ORF3A, ORF8 were
determined by ELISA. Spike-specific and neutralizing antibody concentrations were quantified by functional assays.
IgM, IgA, I1gG and neutralizing antibody titers against Wuhan, B1.17 and B1.351 spike variants were measured after
BNT162b2-vaccination.

Results: While acute infection induced robust and strong IgM, IgG and IgA response against viral spike and nucleo-
capsid proteins, antibody titers and neutralizing antibody concentrations decreased over time in ~50% of samples.
IgM, 1gG, IgA antibodies against ORF3A/ORF8 were also found in non-infected individuals. Furthermore, SARS-CoV2
infections induced strong humoral response against endemic coronaviruses HCoV-229E, -OC43, -NL63 and -HKU1.
Spike-specific IgG+ memory B-cells were detected in < 1/1000 B-cells also in convalescents with low virus-specific
antibody titers indicating that SARS-CoV-2-directed memory B-cell formation may differ from humoral anti-viral re-
sponses. BNT162b2 prompted strong primary immune response against the Wuhan, B1.17 and B1.351 variants
starting 1.5 weeks post vaccination. Inhibition of ACE2-binding and virus neutralization assays revealed higher neu-
tralizing activity against Wuhan and B1.17 than against B1.351.

Conclusion: Humoral response against SARS-CoV-2 often subsides within nine months, whereas memory B-cells
apparently uphold immune response. Cross-reactivity of anti-SARS-CoV-2 IgG with endemic coronaviruses could
bias interpretation of POC tests. ORF3A and ORF8-antibodies are detectable in non-infected individuals and there-
fore not indicative of SARS-CoV-2 infections. Vaccination with BNT162b2 elicits higher anti-spike antibody titers than
infection with SARS-CoV-2.
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Background/Purpose: An emerging feature of COVID-19 is the identification of autoreactivity in patients with severe
disease that may contribute to disease pathology, however the origins of these responses remain unclear. Previously,
we identified extrafollicular B cell activation as a shared immune feature between severe COVID-19 and active rheu-
matic disease. In autoimmune settings, this pathway is associated with relaxed peripheral tolerance in the antibody
secreting cell compartment and the generation of de novo autoreactive responses.

Methods: To further investigate these responses in COVID-19, we performed single-cell B-cell repertoire analysis on
7 patients with severe disease to understand the nature of the antibody secreting cell compartment. We paired these
data with cytometry-based and serological assays to detail the nature of these cells, and their contribution to antiviral,
and autoreactive responses.

Results: In these patients, we identify a unique low-mutation IgG1 fraction of the antibody secreting cell compart-
ment that lacks surface-expressed B cell receptor, and thus cannot be studied through traditional antigen-labeling
studies. These cells are not memory derived, display very low levels of selective pressure, and are enriched for
autoreactivity-prone V gene IGHV4-34. Within this compartment, we identify B cell lineages that display specificity to
both SARS-CoV-2 and autoantigens, and describe progressive, broad, clinically relevant autoreactivity within these
patients including emerging reactivity against the glomerular basement membrane. While progressive early in acute
infection, we identify the contraction of this pathway 6 months post-recovery, and a re-establishment of tolerance
standards coupled with a concomitant loss of acute-derived responders irrespective of antigen specificity.

Conclusion: In total, this study reveals the origins, breadth, and resolution of emerging autoreactivity in severe
COVID-19, with significant implications in both acute-phase rheumatologic interventions and potential treatment of
patients with post-COVID sequelae.

Disclosure: M. Woodruff, None; R. Ramonell, None; A. Singh Saini, None; M. Rudolph, Exagen, Inc, 3, 11; F. Lee,
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Background/Purpose: Prokineticin 2 (PK2) is a secreted protein involved in several pathological and physiological
processes, including the regulation of inflammation, sickness behaviors, and the circadian rhythm. Recently, it was
reported that PK2 is associated with the pathogenesis of collagen-induced arthritis in mice. However, whether PK2
influences the pathogenesis of rheumatoid arthritis (RA) or osteoarthritis (OA) remains unknown.

Methods: We collected synovial tissue, plasma, and synovial fluid from RA and OA patients. Fibroblast-like synovi-
ocytes (FLS) were induced from synovial tissue. We examined the expressions of PK2 and its receptors prokineticin
receptor (PKR) 1 and 2 in RA and OA synovial tissues and FLS using immunohistochemistry and measured the con-
centration of PK2 in plasma and synovial fluid using ELISA. To study the cellular expression of PK2, PKR1, and PKR2
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under proinflammatory conditions, we stimulated FLS with TNFa (10 ng/ml), IL-1b (200 pg/ml), and TGFb (10 ng/ml)
for 24 and 48 h and examined the expression of PK2, PKR1, and PKR2 using cell-based ELISA. Finally, we analyzed
the effect of PK2 on TNFa-pretreated FLS using IL-6 and MMP-3 ELISAs.

Results: PK2, PKR1, and PKR2 were expressed in RA and OA synovial tissues. PKR1 expression in RA synovial
tissue was downregulated compared with OA synovial tissue. PK2 and PKR1 were expressed in RA and OA-FLS.
However, PKR2 was not expressed in FLS. PK2 expression in RA-FLS was downregulated at 24 h after stimulation
with TNFa, IL-1b, and TGFb. PKR1 expression was upregulated at 48 h after stimulation with TNFa and TGFb in OA-
FLS and downregulated at 48 h after stimulation with IL-1b in RA-FLS. PKR2 expression in OA- and RA-FLS was
upregulated at 24 and 48 h after stimulation with TGFb and at 48 h after stimulation with TNFa in RA-FLS. The PK2
concentration was higher in RA synovial fluid than in OA synovial fluid but similar between RA and OA plasma. PK2
suppressed the production of IL-6 and MMP-3 from TNFa-prestimulated OA-FLS, and this effect was attenuated in
TNFa-prestimulated RA-FLS.

Conclusion: We demonstrated that PK2, PKR1, and PKR2 were expressed in synovial tissue. This indicates that PK2
acts locally. Indeed, PK2 had an anti-inflammatory effect on OA-FLS that was likely mediated through the PKR1 path-
way, whereas this anti-inflammatory effect was attenuated in RA-FLS because of PKR1 downregulation. This study
provides a new model to explain some aspects regarding the chronicity of inflammation in RA.

In OA, exposure to proinflammatory cytokines upregulates the expression of PKR1. PK2 secreted from OA-FLS
acts on PKR1 in an autocrine or paracrine manner and reduces the secretion of IL-6 and MMP-3 from OA-FLS (A).
In contrast, in RA-FLS, exposure to proinflammatory cytokines downregulates the expression of PK2 and PKR1 (B).
Therefore, PK2 does not exhibit a similarly strong anti-inflammatory effect in RA-FLS compared with OA-FLS. Indeed,
the expression of PKR1 in RA synovial tissue was decreased compared with OA synovial tissue. This dysregulation
in the endogenous inflammation-mediated modulation of PK2 in RA-FLS may be associated with the chronicity of
inflammation in the pathogenesis of RA.

Disclosure: K. Noda, None; B. Dufner, None; R. Straub, None.
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Background/Purpose: Rheumatoid arthritis (RA) is characterized by autoantibodies against post-translationally
modified proteins (AMPA) such as citrullinated, carbamylated and acetylated proteins. Importantly, these antibodies
are highly multireactive, as they often recognize more than one of these post-translational modifications. Despite
extensive research, the antigens inducing the breach of tolerance remain unknown, although microbial antigens are
often suspected. Various bacteria are known to be capable of acetylation, therefore, it is intriguing to know which
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A: Methods of E. coli proteins acetylation. B: AMPA reactivities in mice immunized with extrinsically (chemically) acetylated bacterial
proteins and control antigens. Delta OD values measured with titrated mice serum on modified fibrinogen ELISA are depicted. C:
Recognition of bacterial protein samples by AMPA derived from RA patients. Delta OD obtained with cross-linking ELISA are depicted. D:
Activation of AMPA IgG expressing B cells as measured by Syk phosphorylation assay using flow cytometry. Histograms visualizing mean
fluorescence intensity values of stimulated cells stimulated with different bacterial protein samples are depicted.

mechanisms underlie the breach of tolerance towards acetylated proteins and development of AMPA. The aim of this
project was to investigate whether acetylated proteins of bacterial origin (1) are recognized by human derived AMPA
and AMPA-expressing B cells; and (2) can induce AMPA development when used to immunize mice.

Methods: Acetylated E. coli proteins were acquired with two separate methods (Figure A): by culturing E. coli in
a condition promoting auto-acetylation (intrinsically acetylated bacterial proteins, IABP), or by directly acetylating
lysate-derived proteins via a chemical reaction (extrinsically acetylated BP, EABP). Acetylated ovalbumin (AcOVA)
served as positive control for AMPA induction in mice, while non-acetylated BP (NABP) and phosphate buffer saline
(PBS) served as negative control. Mice were immunized with these proteins and the resulting antibody response was
studied by ELISA. Furthermore, EABP/IABP/NABP were investigated for recognition by human-derived AMPA with
ELISA and AMPA-expressing B cells with spleen tyrosine kinase (Syk) phosphorylation assay; acetylated human fi-
brinogen and native fibrinogen served as positive and negative control.
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Results: Intrinsic acetylation resulted in partial, while extrinsic/chemical acetylation resulted in complete acetylation
of E. coli proteins. Repetitive immunization of mice with EABP resulted in an AMPA response recognizing acetylated,
carbamylated and citrullinated proteins, which was not observed in mice immunized with NABP or IABP (Figure B).
Human-derived AMPA recognized EABP and IABP (Figure C). B cell activation (measured by Syk phosphorylation) as-
say indicated that AMPA-expressing B cells recognized EABP and (to a lesser extent) IABP, but not NABP (Figure D).

Conclusion: Acetylated bacterial proteins are potent antigens that can induce cross-reactive AMPA responses in
mice, and can be recognized by human AMPA and AMPA-expressing B cells. This suggests that acetylated bacterial
proteins could potentially be involved in the breach of tolerance in RA.

Disclosure: M. Volkov, None; A. Kampstra, None; K. van Schie, None; J. Kwekkeboom, None; T. Huizinga, None;
R. Toes, None; D. van der Woude, None.
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Background/Purpose: Although current inflammation-targeted therapy improved the outcome of patients with rheu-
matoid arthritis (RA), the achievement of complete disease remission was still challenging. Since synovial fibroblasts
(SFs) in RA are epigenetically altered, acquiring invasiveness, and excessive cytokine-producing and proliferating
capacity, SFs-targeted therapy was expected to be alternative or complementally therapeutic strategy. This study
was designed for discerning the underlying mechanisms involved in cyclin-dependent kinase (CDK) 4/6-mediated
regulation of inflammatory mediators, including matrix metalloproteinases.

Methods: CDK4/6 activity in RASFs was inhibited or enhanced using a small-molecule CDK4/6 inhibitor (CDKI) or
gene transduction. The gene and protein expressions were evaluated with quantitative PCR and ELISA under the
combination treatment with IL-13 and TNFa (0.2 ng/ml, respectively) as a stimulation in the presence (10%) or ab-
sence (0.5%) of fetal bovine serum (FBS). The nuclear protein binding to the DNA sequence was assessed with an
electrophoresis mobility shift assay. Protein expression and ubiquitination were assessed with Western blotting using
specific antibodies. Gene knockdown was performed using RNA interfering. RNA-Seq was performed to identify
genes affected by CDKI treatment in cytokine stimulation using RASFs from 5 individuals.

Results: In RASFs, cytokine productions induced with the combination of IL-13 and TNFa were enhanced in the
presence of FBS. Among them, CDKI suppressed the production of MMP-1 and MMP-3, but not MMP-2, CXCL8 and
IL-6. MMP-1 and MMP-3 shared AP-1 binding motif in their promoter region. CDKI impaired the binding of AP-1 com-
ponents to DNA. CDK4/6 protected JUN, one of the AP-1 components, from proteasome-dependent degradation by
inhibiting ubiquitination, indicating that CDK4/6 inhibition would result in the repression of a set of genes regulated
by AP-1. The RNA-Seq analysis confirmed the hypothesis, namely, the AP-1 motif was enriched in a set of genes
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suppressed by CDKI treatment. Interestingly, according to the KEGG pathway classification, these CDKI-repressing
inflammatory genes were also enriched in RA associated genes (Q value 0.03), Cytokine-cytokine receptor interaction
(Q value 0.07), and IL-17 signaling (Q value 0.07).

Conclusion: The active CDK4/6 enhanced transcriptional activity of AP-1 via JUN stabilization, indicating that
CDK4/6 would determine the cytokine hyper-responsiveness of RASFs. We have revealed that inhibition of CDK 4/6
prevented joint destruction in animal models of arthritis by inhibiting synovial cell proliferation and by synergizing with
TNF inhibition or IL-6 inhibition. Since the pharmacologic inhibition of CDK4/6 was established as tolerable in the
cancer treatment, it would exert anti-arthritic effects to attenuate pathogenic characteristics of RASFs in addition to
suppressing synovial hyperplasia.

Disclosure: T. Hosoya, GlaxoSmithKline, 5; T. Saito, None; H. Baba, None; N. Tanaka, None; S. Noda, None; Y.
Komiya, None; Y. tagawa, None; A. Yamamoto, None; S. Yasuda, Abbvie, 5, 6, Asahi Kasei Corporation, 5, 6,
Chugai Pharmaceutical, 5, 6, Bristol Myers Squibb, 5, 6, Ono pharmaceuticals, 5, 6, Eisai, 5, 6, Tanabe-Mitsubishi
Pharmaceutical, 5, 6, Eli Lilly, 5, 6, GlaxoSmithKline, 6, Pfizer, 6.
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Background/Purpose: Rheumatoid arthritis (RA) is an autoimmune disease of unknown etiology, which is char-
acterized by erosive arthritis and systemic inflammation. Tofacitinib (TFCN) is a Janus kinase (JAK) inhibitor that
targets JAK1/JAKS. Presently it is not possible to predict TFCN efficacy in every patient while some patients are non-
responsive to the drug that may produce adverse effects. However, identification of patients sensitive to TFCN before
treatment could significantly improve therapy outcome. TFCN function in RA patients has been recently associated
with alterations in bioenergetics, mitochondrial function, and ATP production [McGarry et al. Arthritis Rheumatol,
2018; 70:1959.]. Therefore, we hypothesized that baseline metabolic status of RA patients prior to drug administra-
tion can predict the therapeutic outcome. We aimed to investigate the importance of baseline expression of genes
involved in energy generation in RA patients, which could serve prognostic biomarkers for treatment response to
tofacitinib.

Methods: Peripheral blood of 28 RA patients aged 52.2+15.6 years old, average disease duration 3.5 years (range
0.6-19) treated with TFCN (5-10 mg twice a day) during three months and 26 healthy age-matched control subjects
were examined. Clinical response was assessed by serum levels of ACPA antibodies, rheumatoid factor (RF), C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR), and disease activity score (DAS28-ESR). Clinical remis-
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sion was assessed according to ACR criteria and DAS28 (DAS28 < 2.6). Protein concentrations were measured using
ELISA. Total RNA was isolated and used in gene expression studies performed with quantitative real-time RT-PCR.

Results: All of the patients were Steinbrocker’s radiographic stage IlI-1ll at baseline. The majority of patients demon-
strated erosive arthritis (23 out of 28), they were ACPA- (25 out of 28) and RF- (24 out of 28) positive. TFCN treatment
significantly decreased the disease activity according to DAS28. At the end of the study, the majority of patients
demonstrated moderate disease activity (3.2< DAS28 < 5.1), four patients retained high disease activity while 8,
attained remission (DAS28 < 2.6). This was accompanied by significant decrease in CRP and the number of swollen
and tender joints. ESR values were not changed significantly. Gene and protein expression analysis revealed that RA
patients, which attained clinical remission after TFCN treatment demonstrated significantly lower baseline expression
of genes associated with glycolysis (pyruvate kinase) and oxidative phosphorylation (succinate dehydrogenase) com-
pared to other examined RA patients. Moreover, in RA patients who attained clinical remission these gene expres-
sions were tending to increase while in other examined patients, to downregulate in the course of follow-up.

Conclusion: Our preliminary study demonstrated that clinical remission attainment in RA patients treated with tofac-
itinib was associated with lower baseline expression of genes related to energy generation pathways (pyruvate kinase
and succinate dehydrogenase) compared to other examined subjects.

Disclosure: E. Tchetina, None; A. Satybaldyev, None; G. Markova, None; A. Lila, None.
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Background/Purpose: Rheumatoid factor (RF) is an autoantibody that binds to IgG Fc region (C,;2 and C,,.3 domains)
and is detectable in patients with rheumatoid arthritis (RA). We previously reported that IgG heavy chain (IgGH) was
transported to the cell surface by HLA class Il molecule via association with the peptide binding groove and that
IgGH / HLA class Il complex could be specifically recognized by RF. However, its mechanisms have not been fully
understood. Here we tried to identify the binding sites of IgGH to HLA class Il and recognition sites of IgGH by RF.

Methods: The heavy chain of IgG contains a variable region (V,;) and 3 constant regions (C,)). Each single domain (V,,,
Cy1, G2, and C;3) or 2~3 contiguous domains of human IgGH were sub-cloned and transfected with HLA-DR4 into
HEK293T cells. The Flag-tagged IgGH domains presented by the HLA-DR molecules on the cell surface were detect-
ed by anti-Flag antibody using flow cytometry (FCM). Next, RF recognition to IgGH domains / HLA-DR complex was
evaluated by FCM after RA patients’ sera and anti-human IgM antibody staining. We also made constructs of IgGH
single domains linked to Cw3 peptide which binds strongly to HLA-DR4 peptide binding groove. We co-transfected
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Figure 1. Each fragment of human IgGH was transfected with HLA-DR4 into HEK293T cells. The Flag-tagged IgGH domains presented by
the HLA-DR molecules on the cell surface were detected by anti-Flag antibody using flow cytometry.
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Figure 2. IgGH fragments and HLA-DR4 were co-transfected into HEK293T cells and binding of RF to IgGH domains / HLA-DR4 complex
was evaluated by RA patients’ sera using flow cytometry.

the HLA-DR4 and IgGH single domains with or without Cw3 peptide then compared the IgGH fragment expression
and RF reactivity.

The RF positive sera were obtained from the patients diagnosed with RA based on the ACR / EULAR criteria for RA
in 2010.

Results: The expression of fragments containing C,1 on the cell surface by HLA-DR4 were equal to or rather higher
than the full IgGH’s expression, while fragments without C,;1 (C,2-C,3, V,;, C,2 and C,3) were presented at a far lower
level compared with full IgGH, especially the C.,3 domain (Figure 1).
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Figure 3. IgGH fragments with or without Cw3 peptide were transfected with HLA-DR4 into HEK293T cells and RF reactivity to the complex
with HLA-DR4 complex were compared by RA patients’ sera using flow cytometry.

Next, among all the fragments, RF only recognized C,;1-C,;2-C,,3 fragment besides full IgGH chain (Figure 2). On the
other hand, Cw3 peptide-linked IgGH domain study revealed that RF recognized C,;3 single domain linked to Cw3
peptide presented by HLA-DR4 but none of other Cw3-linked single domains were recognized (Figure 3). All of the
sera from 43 RF-positive RA patients showed the same results.

Conclusion: Our data suggest that HLA-DR presents IgG heavy chain mainly by binding to C,1 domain, while RFs
recognize the epitope on C,;3 domain.

Disclosure: S. Zhang, None; H. Tsuji, None; H. Jin, None; K. Kitagori, None; S. Akizuki, None; K. Murakami, None;
R. Nakashima, None; H. Yoshifuji, None; M. Tanaka, None; H. Arase, None; K. Ohmura, None; A. Morinobu, None.
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Background/Purpose: Juvenile Idiopathic Arthritis (JIA) is a common childhood illness, characterized by inflamma-
tion of the joint, chronic pain and decreased physical functioning. To date, the underlying neurobiological mechanisms
that drive pain and sensorimotor dysfunction are unclear and understudied. Thus, in this pilot study, we explored the
morphology and functionality of salience and sensorimotor structures in JIA patients.

Methods: Nine JIA patients (12.4 + 2.8 years of age) and 13 control subjects matched by age, gender and handed-
ness were enrolled. All JIA patients were on active treatment and had prior or ongoing symptoms in hand-wrist joints.
High-resolution structural magnetic resonance imaging (MRI), diffusion tensor imaging (DTI), functional MRI (fMRI),
and Pseudo-continuous arterial spin labelling (ASL) were performed. In addition, clinical lab tests and the 9-hole peg
test for hand-motor function were administered.

Results: Morphology: Morphological analysis (Freesurfer v7.1.1) of the structural neuroimaging data revealed a sig-
nificant decrease (P < 0.05) of cortical thickness in the left hemisphere insular cortex in JIA patients (Figure 1). Fur-
thermore, cortical volume of the caudate nucleus (CN) was negatively correlated with patient-reported pain severity
(Left CN: P = 0.04, R = -0.70; Right CN: P = 0.03, R = -0.71). Functional connectivity: In JIA patients, seed-based
functional connectivity analysis (CONN-fMRI v18.b and SPM 12) showed altered connectivity from anterior insula (Al)
subregions, as defined by Deen et al., to key hubs of the salience (e.g., anterior cingulate cortex (ACC)) and sensori-
motor (e.g., pre- and postcentral gyri) networks. The most robust finding was that of decreased functional connectiv-
ity from the dorsal Al (dAl) to angular/ supramarginal gyrus regions in JIA patients (Figure 1). Structural connectivity:
Probabilistic tractography (FMRIB’s Software Library v6.0.4) revealed higher connectivity from the left and right Al to
several ipsilateral and contralateral regions of the salience network in JIA patients. Connectivity from the left ventral
Al (VAl) to the left ACC, which is associated with affective processes, was increased in JIA patients (P = 0.015), and
left vAl to right ACC was correlated to erythrocyte sedimentation rate (ESR) and pain (ESR: P = 0.03, Pain: P = 0.01)
(Figure 1). Cerebral blood flow (CBF): CBF analysis (BASIL toolbox) did not reveal significant group differences for
the insular cortex or other regions of the salience network (Figure 1). However, assessment of regional CBF in JIA
patients and controls revealed significantly higher CBF values in multiple subcortical areas within the sensorimotor
network for the JIA group (Figure 2). These values were positively correlated with left to right hand ratio motor per-
formance, calculated from subjects’ time score on the 9-hole peg test (Figure 3).

Conclusion: This pilot study points toward several structural and functional alterations in salience and sensorimotor
networks, which could be at the core of pain and sensorimotor deficits in JIA. Future studies may focus on whether

Figure 1. Anterior Insula Alterations in JIA patients. A. Insular cortex regions (blue cluster) showing a significant decrease in cortical thickness
in JIA patients vs. healthy controls. Only the left-hemisphere insular cluster remained significant after correction for multiple comparisons.
B. Significantly decreased seed-based functional connectivity from the left dAl to bilateral angular gyrus/ supramarginal gyrus regions (blue
clusters) in JIA patients vs. healthy controls. C. Increased structural connectivity of Al to the left anterior cingulum: Al connectivity map for
controls and JIA patients. D. rCBF in the Al in the left (top) and right (bottom) hemisphere.



23

Figure 2. rCBF Differences in Sensorimotor Areas. rCBF values (mg/100g/min) for (A) left and (B) right hemisphere. (1) Red Nucleus, (2) SNpc,
(8) SNpr, (4) Thalamus VA, (5) Thalamus VL, (6) Thalamus VPL, (7) Caudate, (8) Putamen, (9) Pallidum, (10) Postcentral Gyrus, (11) Precentral
Gyrus, (12) Cerebellum lobule V, (13) Cerebellum lobule VI, (14) Vermis. Asterisk (*) indicates significant (P < 0.05) group differences. Error bars
represent standard deviations.

Figure 3. Left to Right Hand Ratio Correlations to rCBF in Sensorimotor Areas. Significant correlations are shown for (A) left hemisphere Red
Nucleus (P = 0.0094, R = 0.7547) and SNpr (P = 0.0064, R = 0.7821), and for the (B) right hemisphere Red Nucleus (P = 0.0063, R = 0.7829)
and SNpr (P = 0.0014, R = 0.8610). Ratio was calculated with time (s) to complete the 9-hole Peg Test with each hand.

central changes are maladaptive or adaptive in nature, and how CNS properties are impacted by standard of care
and novel therapies.
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Background/Purpose: Rheumatoid arthritis (RA) is characterized by the presence of auto-antibodies to post trans-
lationally modified proteins (anti-modified protein antibodies (AMPA)): anti-citrullinated protein antibodies (ACPA),
anti-carbamylated protein antibodies (anti-CarP) and anti-acetylated protein antibodies (AAPA). ACPA is unique since
an association with the risk factors smoking and the human leukocyte antigen (HLA) - shared epitope (SE) is found
only in the ACPA positive patients. However the association of SE and smoking with all three AMPA has remained
unstudied. Nonetheless, this association is of great interest, since it would increase our understanding if the patho-
logical mechanisms underlying the development of these auto-antibodies are unique of shared.

Objective: To investigate the association of SE and smoking with the different kinds of AMPA.

Methods: 648 RA patients fulfilling the 1987 RA criteria from the Leiden Early Arthritis Cohort, of whom data were
available on the presence of ACPA, AAPA and anti-CarP, smoking and SE status were included. SE positivity was
defined as having >1 of the following HLA alleles: DRB1*01:01, *01:02, *04:01, *04:04, *04:05, *04:08 and*10:01.
Healthy controls (n=1211) for SE analysis were randomly selected from the collection of the section of Immunoge-
netics and Transplantation Immunology from the Leiden University Medical Center. The association between auto-
antibodies and SE and smoking was assessed by logistic regression analysis.

Results: When investigating the association of smoking with the presence of the various combinations of AMPA, a
significant association was only found in the triple positive patients (OR 1.67 (1.08 — 2.60), p0.02), table 1. There was
no association with smoking for patients positive for one or two auto-antibodies.

SE was solely associated with ACPA positive patients, whereas the association with SE was similar among patients
who were single-positive for ACPA compared to patients harboring 1 or 2 additional auto-antibodies (AAPA and/or
anti-CarP), indicating that SE is only associated with ACPA.

Table 1 Association of smoking with anti-modified protein antibodies

Table 2 Association of SE with anti-modified protein antibodies
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Conclusion: This in-depth analysis of the exact association between risk factors and AMPA presence revealed strik-
ing differences regarding the associations for smoking versus SE. Since smoking is associated with the concurrent
presence of multiple AMPA, this implies that smoking is involved in a general process of auto-antibody development.
However SE is solely associated with the presence of ACPA, and not with anti-CarP or AAPA. This suggests that, de-
spite the similarity in antigenic targets and partial cross reactivity between AMPA responses, the pathophysiological
mechanisms underlying their development differ for the various AMPA.

Disclosure: T. van wesemael, None; A. Dorjee, None; T. Huizinga, None; A. van der Helm-van Mil, None; R. Toes,
None; D. van der Woude, None.

Abstract Number: 0018

Caspase-8 Variant G Regulates Rheumatoid Arthritis Fibroblast-Like
Synoviocyte Aggressive Behavior

Cecilia Ansalone’', Gyrid Nygaard', Richard Ainsworth’, Rizi Ai', Deepa Hammaker', Narayanan Perumal®, Ken
Weichert?, Frances Tung’, Lalitha Kodandapani?, Michael Sauder?, Elisabeth Mertsching?, Robert Benschop’, Wei
Wang', David Boyle' and Gary Firestein', 'University of California San Diego, San Diego, CA, “Eli Lilly and Company, San
Diego, CA, ’Eli Lilly and Company, Indianapolis, IN

SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: RA — Etiology & Pathogenesis Poster (0011-0045)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: Rheumatoid arthritis (RA) fibroblast-like synoviocytes (FLS) display an aggressive phenotype,
including abnormal migration and invasion. Using data from our previous studies defining the epigenetic landscape
of RA FLS, CASPS8 (encoding caspase-8) was identified as a gene of interest in RA that might be implicated in this
behavior due to abnormal epigenetic marks. Caspase-8 has proteolytic functions that regulate apoptosis and non-
proteolytic functions that affect cell movement. However, the specific isoforms responsible for the latter are unknown.
In this study, we identified the mechanisms of caspase-8 function in RA FLS and identified the specific isoform re-
sponsible.

Methods: RA FLS lines were obtained from synovial tissues at arthroplasty and used at passage 5-8 (n=20). CASP8
deficiency was induced with siRNA to deplete either all isoforms or individual isoforms; non-targeting siRNA was
used as control. RT-gPCR and western blot were used to assess gene and protein expression, respectively. PDGF-
induced migration (scratch assay), invasion (through Matrigel membrane), and adhesion to fibronectin and collagen
type Il in CASP8-deficient and control cells were assessed. Talin cleavage was measured by western blot and calpain
cleavage activity assessed via fluorescent assay. Analysis of CASP8 epigenetic marks and transcript isoforms in
RA and osteoarthritis (OA) FLS was evaluated using public databases (ChlPseq and RNAseq). Crystal structures of
variant B and G were determined.

Results: Silencing total CASP8 reduced RA FLS migration (36.7%=+7.2, n=6, P=0.008) and invasion (41.6+6.3%, n=4,
P=0.01) after PDGF stimulation, and lower adhesion to fibronectin and collagen type Il (n=4; P=0.002 and P=0.005
respectively). Decreased migration after PDGF stimulation was associated with decreased talin cleavage and calpain
activity. The caspase enzymatic inhibitor Z-IETD-FM did not affect FLS migration nor invasion. Of the 20 known al-
ternatively spliced variants of caspase-8, only variant C and G are expressed in FLS, with G > >C. Epigenetic anal-
ysis found enhanced H3K4me1 and H3K27ac peaks in the promoter region of variant G and C in RA FLS compared
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with OA. Expression of caspase-8 variant G, but not other variants, was induced by PDGF (1.5+0.1 fold increase
at 6h, n=6, P=0.003). Selective silencing of variant G showed that this isoform is solely responsible for the effect of
caspase-8 on FLS invasion and calpain activity (n=6, P<0.01). The crystal structures of caspase-8 isoform G and B
were identical aside for a unique unstructured 59aa N-terminal domain in variant G.

Conclusion: Non-enzymatic functions of caspase-8 regulate key activities associated with aggressive RA FLS be-
havior. RA FLS have a restricted pattern of CAPS8 alternative splicing, and variant G is solely responsible for this
function. Because caspase-8 variant G has a unique amino acid tail, selective targeting could potentially inhibit FLS
invasion without the deleterious effects of blocking caspase-8-mediated apoptosis.

Disclosure: C. Ansalone, None; G. Nygaard, None; R. Ainsworth, None; R. Ai, None; D. Hammaker, None; N.
Perumal, Eli Lilly and Company, 3; K. Weichert, Eli Lilly & Company, 3; F. Tung, Eli Lilly & Company, 3; L. Kodandapani,
None; M. Sauder, Eli Lilly & Company, 3; E. Mertsching, Eli Lilly, 3; R. Benschop, Eli Lilly & company, 3, 10, 11; W.
Wang, None; D. Boyle, None; G. Firestein, Eli Lilly, 5.
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Background/Purpose: Inhibition of AICAR transformylase by MTX results in augmented release of adenine nucle-
otides to the extracellular space; these are rapidly hydrolysed by ectonucleotidases CD39 and CD79 rendering the
antiinflammatory agent adenosine. CD39, the rate-limiting enzyme in this cascade, is highly expressed by a subset
of human FoxP3+CD4+ regulatory T cells (Treg39+)** and MTX may act synergistically with Tregs in the control of
inflammation. Our objective was to study the expression of CD39 on circulating Treg cells of untreated early RA (ERA)
patients and its relation with the ex vivo effect of MTX.

Methods: Peripheral blood was drawn from 30 DMARD- and steroid- naive ERA (disease duration < 24 weeks), 15
longstanding RA patients (LRA, duration > 2 years) and 45 healthy controls (HC). LRA patients were naive for biologi-
cals and received low-dose weekly MTX. 10 ERA patients who achieved remission 12 months after initiating MTX were
re-evaluated (ERA-R). The frequency of Treg cell subsets was determined by flow cytometry. CD4+CD25+CD127-
(total T reg), CD4+CD27+CD127-CD39+ Treg (Treg39+) and CD4+CD25-CD39- responder T (Tresp39-) cells were
isolated by sorting. The suppressor potency of Tregs was assessed in cocultures with Tresp, at different Treg/Tresp
ratios. Proliferation was determined by CFSE dilution and cytokine secretion by ELISA of culture supernatants.

Results: ERA but not LRA patients demonstrated a superior frequency of circulating Treg (CD4+CD25+CD127-
FoxP3+) cells. In addition, the proportion of Tregs that expressed CD39 (Treg39+) was increased in ERA but not LRA.
Total ERA Tregs were more potent suppressors of proliferation, TNFa and IFNy secretion when compared with HC
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or LRA, and this difference was downmodulated in the presence of adenosine deaminase (ADA), or the adenosine
A2A receptor (A2AR) antagonists DMPX (3,7-dimethyl-1-propargylxanthine) or ZM 241385, but not of the adenosine
A1 receptor antagonist DPCPX (8-cyclopentyl-dipropylxanthine). When adding MTX, the suppressor potency of total
Tregs was further enhanced in all 3 groups of patients, and this enhancement was significantly higher in ERA total
Treg/Tresp39- cocultures as compared with HC or LRA. This effect of MTX was significantly abrogated by ADA, DMPX
or ZM 241385 but not DPCPX. We then tested the suppressor potency of isolated Treg39+ together with the enhancer
effect of MTX on this potency, and observed that there were no longer differences among ERA, LRA and HC; this fur-
ther suggests that the differences observed in assays using total Tregs can be attributable to the increased Treg39+
proportions present in ERA. The frequency and function of ERA-R Treg cells were not different from HC or LRA Tregs.

Conclusion: The suppressor action of CD39+Tregs is mediated at least in part by adenosine trough A2AR ligation,
and the superior suppressive potency of total ERA Tregs is associated with their higher proportion of TregCD39+
cells. The augmented suppressor effect observed in the presence of MTX is partly mediated by an increased aden-
osine production acting on A2AR and is more marked in ERA patients reflecting again their higher proportion of
Treg39+ cells. This indicates that MTX cooperates with Treg39+ cells in the control of inflammation.
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Background/Purpose: The pathophysiology of rheumatoid arthritis (RA) is hallmarked by joint inflammation,
thickening of the pannus, and resultant joint destruction. Within the synovial tissue, citrullinated antigens and
malondialdehyde-acetaldehyde (MAA)-modified proteins co-localize, implicating a potential synergistic role in the
induction of immune and pro-fibrotic responses. To further elucidate the mechanisms by which these modifications
contribute to RA pathogenesis, we studied fibrotic gene expression by human fibroblast-like synoviocytes from RA
patients (HFLS-RA) in response to stimulation with citrullinated and/or MAA-modified fibrinogen.

Methods: HFLS-RA cells were treated with native fibrinogen versus citrullinated and/or MAA-modified fibrinogen for
8 hours with sham treated HFLS-RA cells as reference, and mRNA was isolated. Expression of 763 genes was quan-
tified using the NanoString® nCounter® Human Fibrosis Panel. Comparisons of gene expression across treatment
groups were performed using differential expression analysis. Only genes with increased or decreased expression
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Figure 1. Heat map (red = increased; blue = decreased) of significant genes expressed following 8-hour treatment of HFLS-RA cells with
native fibrinogen (control), citrullinated fibrinogen, MAA-modified fibrinogen, or MAA-modified and citrullinated fibrinogen. Gene profiles were
categorized into inflammation, initiation, modification, and proliferation. The heat map bar on the right is expressed as fold-change compared
to control.

compared to untreated HFLS-RA cells were reported in the final results. Data was reported using log, of normalized
ratio with the sham group as reference.

Results: The gene responses of treated HFLS-RA cells were categorized based on their role in the fibrotic pathway
(inflammation, initiation, modification, and proliferation) with many genes having influence on multiple pathways. Of
the 763 genes analyzed, 58 demonstrated differential expression when exposed to modified antigen (Figure 1). Forty
genes exhibited significantly increased expression when treated with citrullinated-fibrinogen alone compared to na-
tive unmodified fibrinogen (Figure 2). Of these 40 genes, four also demonstrated increased expression after treatment
with fibrinogen co-modified with citrulline and MAA (Figure 3). One gene, CCL2 (inflammation), yielded increased
gene expression in response to co-modified fibrinogen but not to citrullinated antigen alone (Figure 3). Treatment with
MAA-modified fibrinogen alone did not generate any significant differential expression.
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Figure 2. Genes that were significantly increased (red) or decreased (blue) by citrullinated fibrinogen were extracted from the heat maps and
expressed as the log2 ratio compared to native fibrinogen (control). Gene profiles were categorized into inflammation, initiation, modification,
and proliferation. Data is expressed as fold-change compared to control.

Conclusion: In this study, citrullinated fibrinogen augmented gene expression most conspicuously, whereas MAA-
modification alone did not. Interestingly, co-modification did demonstrate a synergistic pro-fibrotic synovial response
in one gene (CCL2) that was not seen with either single modification alone. Many of the genes identified have
previously been shown to correlate with anti-citrullinated antibodies and RA disease activity, and thus, these post-
translationally modified proteins may play a role in the development of fibrosis that contributes to joint pathology in
RA. We would benefit from further elucidation of the synergistic role MAA and citrulline play and if that could be a
target of diagnostic and/or therapeutic clinical practice.



30

Figure 3. Genes that were significantly increased (red) or decreased (blue) by co-modification of fibrinogen with MAA and citrulline (Fib-MAA-
CIT) were extracted from the heat maps and expressed as the log2 ratio compared to native fibrinogen (control). Data is expressed as fold-
change compared to control.
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Background/Purpose: Production of autoantibodies following pathogenic T and B cell interactions precede the
development of RA. T follicular helper (Tfh) cells and T peripheral helper (Tph) cells are capable of providing B-cell
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Table 1. Demographic characteristics of the study subjects

help and both are increased in the peripheral blood in patients with seropositive RA. However, it is unknown whether
these cell populations are expanded and/or altered in the peripheral blood prior to the onset of clinically apparent RA.
Moreover, the contribution of these cells to the pathogenesis of RA may differ according to genetic and environmental
backgrounds. Herein, we explored circulating Tph (cTph) cells and circulating Tth (cTfh) cells from anti-citrullinated
protein antibodies (ACPA)+ individuals both before and after development of RA in two ethnically distinct populations.

Methods: We recruited 14 and 10 ACPA+ individuals without arthritis but at-risk of future RA (ARI), 15 and 10 ACPA+
patients with early RA (2010 criteria and < 1 year from diagnosis), and 14 and 15 healthy controls (HC) from the
Studies of the Etiologies of RA (SERA) population at University of Colorado (CU) and the rheumatology outpatient
clinic at Tokyo Women’s Medical University (TWMU) in Japan, respectively (Table 1). Cryopreserved peripheral blood
mononuclear cells were analyzed by flow cytometry to quantify cTph cells (PD-1"CXCR5 CD4* memory T cells) and
cTth cells (PD-1"CXCR5*CD4* memory T cells). We also assessed the expression of activation markers, HLA-DR and
ICOS, on these cells.

Results: In both ethnic populations, cTph cells were significantly increased in RA but not in ARl compared to HC
(Figure 1A and 2A). In the CU population, the frequency of cTph cells was moderately correlated with serum IgM-RF
levels in both ARI (Spearman’s p=0.56, p=0.04) and RA (Spearman’s p=0.68, p=0.005) (Figure 1B), while no correla-
tion was observed between the frequencies of cTph cells and serum ACPA levels in either ARl or RA. There were no
significant differences in the expressions of HLA-DR and ICOS on cTph cells or cTth cells between CU study groups
(Figure 1C). Unlike the CU population, the TWMU population did not show positive correlation between the frequency
of cTph cells and serum IgM-RF levels in either ARI or RA (Figure 2B). In that population, however, the expression of
HLA-DR on cTph cells was increased in both ARI and RA (Figure 2C).

Conclusion: cTph cells were expanded in RA but not in ARI in both ethnic populations, suggesting a relationship of
these cells with clinically-apparent inflammatory arthritis. In addition, unique alterations in cTph cells among ACPA+
individuals with different ethnic backgrounds and in relationship to IgM-RF suggest their shared importance but po-
tentially different roles in the future transition of ACPA+ ARI to early RA.
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Figure 1. Flow cytometry analysis of cTph and cTfh cells in ACPA+ individuals at-risk of future RA (ARI) and ACPA+ early RA patients, and
healthy controls (HC) at University of Colorado. A) Frequencies of cTph and cTth cells in each study group. B) Correlation between frequencies
of cTph or cTth cells and serum IgM-RF levels in ARl and RA. C) Expression of HLA-DR on cTph or cTth cells in each study group. P-values were
calculated using Kruskal-Wallis one-way analysis of variance followed by Dunn’s multiple comparisons test (Panel A and C) and Spearman’s
rank correlation (Panel B).
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Figure 2. Flow cytometry analysis of cTph and cTth cells in ACPA+ individuals at-risk of future RA (ARI) and ACPA+ early RA patients, and
healthy controls (HC) at Tokyo Women’s Medical University. A) Frequencies of cTph and cTfh cells in each study group. B) Correlation between
frequencies of cTph or cTth cells and serum IgM-RF levels in RA and ARI. C) Expression of HLA-DR on cTph or cTfh cells in each study group.
P-values were calculated using Kruskal-Wallis one-way analysis of variance followed by Dunn’s multiple comparisons test (Panel A and C) and
Spearman’s rank correlation (Panel B).
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Background/Purpose: Expressed in synovial fluid mononuclear and other inflammatory cells, peptidyl arginine
deiminase (PAD) catalyzes post-translational citrullination of synovial proteins in a calcium (Ca2+)-dependent manner.
Prior reports have demonstrated that post-translational modification of proteins with malondialdehyde-acetaldehyde
(MAA) are also common in the RA synovium where they co-localize with citrullinated antigen. However, little is known
about the effects of MAA modified proteins on PAD expression or intracellular Ca2+ concentrations. The purpose
of this study was to examine the intracellular Ca2+ levels, and the PAD-4 mRNA and protein levels in macrophages
following treatment with a MAA-modified antigen.

Methods: THP-1 human macrophage cells were treated with unmodified fibrinogen (Fib) as a negative control or
MAA-modified fibrinogen (Fib-MAA) for 24 hours. Cells were washed and incubated with a Fluo-4 AM calcium-
binding protein for 30 minutes and subjected to live cell imaging on a 710 Ziess confocal microscope. Images were

Figure 1. Intracellular calcium increase following 24 hour treatment of THP-1 macrophage with native fibrinogen or MAA modified fibrinogen.
Data is expressed as fluorescence of cells with no treatment divided by time O fluorescence. *p<0.001 significantly increased compared to Fib.
N=5.
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acquired in 10-second intervals for 120 seconds and analyzed using Image J. RTPCR was performed on the cells
to determine the expression of PAD-4 as well as the calcium binding proteins Inositol 1,4,5-triphosphate receptor-3
(ITPR3) and calcium/calmodulin-dependent protein kinase (CAMKK)-2. THP-1 cells were subjected to Western Blot
for protein expression of PAD-4 using an anti-PAD antibody. Group differences were examined using ANOVA with a
post-hoc test to account for multiple comparisons.

Results: Human macrophages incubated with Fib-MAA significantly increased (p< 0.001) the Ca2+ influx compared
to unmodified Fib (Figure 1). Exposure to Fib-MAA had no meaningful impact on ITPR3 expression (p >0.05) (Figure
2). In contrast, CAMKK2 expression was significantly (p< 0.001) increased in macrophages stimulated with Fib-MAA
compared to cells stimulated with unmodified Fib. Likewise, PAD-4 mRNA expression was significantly (p< 0.01) in-
creased in only the Fib-MAA vs. native Fib. In contrast to the mRNA expression, Western Blot revealed a decrease in
PAD-4 protein expression for Fib-MAA vs. unmodified Fib, suggesting protein depletion (Figure 3).

Conclusion: The increase in Ca2+ influx following treatment with a MAA-modified antigen provides a critical element
needed for PAD-mediated protein citrullination in human macrophages, while the observed increase in PAD-4 expres-
sion provides the requisite catalyst. The lack of effect seen on ITPR3 (which promotes intracellular movement from
the endoplasmic reticulum) suggests that the overall increase likely stems from extracellular sources. The increased
expression of CAMKK?2 following Fib-MAA exposure could account for changes in cellular activity such as cell differ-
entiation, changes in cell cycle and/or cytoskeletal architecture even though the source of calcium is different. Taken
together, these data for the first time implicate MAA-modified proteins as promoters of macrophage-mediated citrul-

Figure 2. Expression of mRNA by RTPCR following 24 hour treatment of THP-1 macrophage with native fibrinogen or MAA modified
fibrinogen. ITPR3 expression was not significant compared to Fib. CAMKK2 expression **p<0.01 significantly increased compared to Fib
treatment. PAD-4 expression *p<0.01 significantly increased compared to Fib treatment. N=5.

Figure 3. Western Blot analysis of THP-1 macrophage cell lysates following 24 hour treatment with native fibrinogen or MAA modified
fibrinogen.
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lination, a process that is critical in RA pathogenesis and that appears to be dependent on increases in both Ca2+
influx and increased PAD expression.
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Background/Purpose: Rheumatoid arthritis (RA), while still an incurable disease, can often improve naturally during
pregnancy. The specific mechanism(s) underlying this pregnancy-induced improvement, however, are not known.
Our goal was to use our prospective pregnancy cohort (a) to identify genes whose expression are modulated during
pregnancy in healthy women and in RA, as the disease improves, and (b) to investigate their functional enrichment
using co-expression network analysis.

Methods: Data and samples were collected at pre-pregnancy (T0) and each trimester (T1, T2, T3) from women with
RA who improved during pregnancy (n=14) and healthy women (n=15) enrolled in our prospective pregnancy cohort.
Total RNA samples from whole blood were sequenced (RNA-seq). Following alignment (HISAT2) and transcript as-
sembly (StringTie), gene-level expression was quantified (featureCounts) and normalized (edgeR). Cell type propor-
tions were inferred through deconvolution (CIBERSORTX). Generalized Estimating Equation (GEE) models were used
to assess modulation of gene expression across pregnancy in each group of women, adjusting for changes in cell
type proportions across time points. Thresholds of FDR< 0.05 and fold-change >=2 (vs TO) were used to determine
significance. Functional enrichment analysis (Webgestalt, Enrichr) and co-expression network analysis (WGCNA)
were also performed.

Results: Temporal changes were observed in the proportions of neutrophils, resting NK cells, and resting CD4 mem-
ory T cells among healthy women only, and of monocytes among the women with RA. Numerous genes (334 protein-
coding and 115 non-coding) were significantly up- or down-regulated during pregnancy among the women with RA,
some demonstrating significant changes starting from early pregnancy (T1: n=26) or mid-pregnancy (T2: n=262) or
during late-pregnancy (T3: n=161). Of those, 116 demonstrated similar temporal expression patterns among healthy
women; another 112 genes were modulated during pregnancy only in the healthy group. The genes whose expres-
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sion were modulated during pregnancy as RA improved were enriched in specific co-expression network modules
related to neutrophil activation (upregulated in early pregnancy), binding of erythroid transcription factors (upregu-
lated in mid-pregnancy), immunoglobulin constant and variable chain genes (downregulated in mid-pregnancy), and
translation (mostly ribosomal genes, upregulated in late pregnancy). Similar enrichment in co-expression modules
were observed in healthy pregnancy, except for the module related to binding of erythroid transcription factors which
seemed to be specific to the RA group. Additionally, a module related to interferon signaling was enriched in genes
modulated only in healthy pregnancy.

Conclusion: In our pregnancy cohort, multiple co-expression modules overlapped between the RA and healthy preg-
nancies. However, there were also differences including a specific module related to binding of erythroid transcription
factors that was unique to RA, and a module related to interferon signaling that was unique to healthy pregnancy. It
remains to be investigated how those differences may influence improvement of the disease during pregnancy.
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Background/Purpose: Treatment-refractory rheumatoid arthritis (RA) represents a major unmet need with substantial
societal burden. Targeting RA-associated fibroblast-like synoviocytes (FLS) may provide a less-immunosuppressive
therapeutic option. Recent single cell RNA-sequencing (scRNA-seq) studies of RA synovial tissue have identified dis-
tinct fibroblast subsets, including a population of HLA-DR* FLS that are expanded in RA and express pro-inflammatory
cytokines as well as interferon gamma (IFNg) and tumor necrosis factor alpha (TNFa) response signatures (1). Donors
with an expansion of HLA-DR* FLS have an expansion of inflammatory monocytes, which express interleukin 1 beta
(IL-1b), and CD8" T cells, which express both TNFa and IFNg (1). TNFa stimulated macrophages that produce IL-1b
induce key genes expressed by HLA-DR* FLS, including IL6 (2). Here we explored the ability of distinct combinations
of cytokines predominant in RA to impart gene expression features observed in HLA-DR* FLS and localize these FLS
within the inflamed synovium.

Methods: Synovial tissue was obtained from a prospective cohort of RA patients undergoing arthroplasty or syn-
ovectomy who are screened for active RA at the time of surgery (HSS IRB no. 2014-233). For cultured FLS, synovial
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Figure 1. Stimulation of cultured FLS with combinations of dominant RA cytokines reveals marked synergy and distinct gene signatures driven
by either TNFa + IFNg + IL-1b. A. gPCR on cultured, cytokine-stimulated FLS. n = 3 donors. Mean + SD. B. Differential expression analysis
from scRNA-seq of cultured, cytokine-stimulated FLS derived from single RF+/CCP+ patient on methotrexate monotherapy with active disease.

Figure 2. Heterogeneity of HLA-DR+ FLS including clusters with expression of genes induced cytokine combinations. SCRNA-seq of freshly
dissociated, sorted FLS from same patient as in Fig 1. A. t-SNE showing clusters of transcriptionally similar FLS in which clusters 2 and 3 are
lining, 5 and 7 are intermediate sublining/lining and 0, 1, 4, 6, 8, and 9 are sublining. B. Expression of HLA-DRA as well as genes induced by
IFNg + TNFa (CXCL9), IL-1b (MMP3) or IFNg + TNFa + IL-1b (CCL2).

tissue was dissociated and cultured as in (2). FLS were cultured with cytokines for 24 hours. ScCRNA-seq was per-

formed on sorted FLS (CD45°, CD31°, PDPN*) from dissociated synovial tissue. Multiparameter immunofluorescence
(IF) was carried out using lterative Bleaching Extends Multiplexity (IBEX) (3).

Results: The combination of IFNg, TNFa +/- IL-1b induced FLS expression of genes characteristic of HLA-DR" FLS
such as IL6, CCL2, CXCL9 and ICAM1 (Fig 1A). Differential gene expression analysis of cytokine-stimulated FLS
revealed distinct transcriptional features elicited by IFNg + TNFa vs IL-1b (Fig 1B). When used in combination, the
cytokines were able to exert a synergistic effect on FLS gene expression with a small set of genes induced by the
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Figure 3. HLA-DR+ FLS are found within both synovial sublining and lining. IF of RA synovial tissue from same patient as in Fig 1 and 2
where HLA-DR+ FLS can be found near both CD68+ macrophages (arrow heads) and CD8+ T cells (arrows). Black space in full sized image
represents synovial fluid space between two hypertrophied villi of the inflamed synovium.

combination of all three cytokines (IL6, TNFAIP6, MT2A, CCL2, MT1E). Unsupervised clustering analysis of gene ex-
pression of freshly dissociated FLS shows heterogeneity of HLA-DR* FLS with expression in both lining and sublining
clusters as well as in clusters with an intermediate lining/sublining phenotype (Fig 2A). Clusters have differential ex-
pression of genes driven by TNFa + IFNg (CXCL9), IL-1b (MMP3) or all three cytokines (CCL2) (Fig 2B). IF analysis of
inflamed synovium revealed localization of HLA-DR" FLS to both the lining and sublining areas in proximity to CD68*
macrophages and CD8" T cells, respectively, (Fig 3).

Conclusion: Pro-inflammatory cytokine exposure of FLS accounts in part for the HLA-DR* FLS heterogeneity ob-
served in the arthritic synovium in situ. Our analyses suggest that gene expression patterns observed in HLA-DR"*
FLS, which we were able to reconstruct with combinatorial cytokine stimulation in vitro, may originate from interacting
CD8" T cells and inflammatory macrophages in the synovium.

References
1) Zhang F, et al. Nat Immunol. 2019;20(7):928.

2) Kuo D, et al. Sci Transl Med. 2019;11(491):eaau8587.
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Background/Purpose: Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation of
the synovium. Despite a variety of treatments, 30-40% of RA patients fail to respond to any of the approved treatment
options. Thus, improving the understanding of the molecular background and complex disease mechanisms in RA
is of utmost importance.

Programmed death 1 (PD-1) is an inhibitory glycosylated immune checkpoint receptor that dampens immune re-
sponses, and high PD-1 expression is considered desirable in RA. However, the exact effects of the PD-1 signaling
axis in RA remains to be elucidated.

Extracellular Galectin-3 (Gal-3) is suggested to be associated with RA disease severity and inflammation. In contrast,
Gal-3 has immune suppressing capabilities in cancer. Thus, effects of Gal-3 are complex, but could potentially be
explained by Gal-3s diverse effect on immune checkpoint receptors.

Here, we aimed to investigate whether Gal-3 is a binding partner to PD-1, and how this interaction affects PD-1 sig-
naling as well as inflammatory markers.

Figure 1. Surface plasmon resonance data. Recombinant human PD-1 coupled to Protein G and immobilized onto a sensor chip, while
recombinant human Gal-3 is added to the buffer and run over the sensor chip. PD-1 and Gal-3 interaction will give rise to increased signal
(Response Units (RU)). Here increasing concentrations of rhGal-3 is run over the sensor chip and demonstrating how rhGal-3 can interact with
rhPD-1.
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Figure 2. ELISA data. Visualizing levels of soluble PD-1 captured by rhGal-3 in synovial fluid and plasma samples from RA patients as well
as plasma samples from healthy controls (HC). Significantly higher levels of PD-1 was detected in synovial fluid compaired to both RA plasma
(p<0.01) and HC plasma (p<0.01).

Methods: Patient material consisted of synovial fluid (SF, n=25), plasma, peripheral blood mononuclear cells (PB-
MCs) and synovial fluid mononuclear cells (SFMCs) from chronic (c) RA patients. Patients presented with a disease
flare when samples were obtained. Surface Plasmon Resonance (SPR) was performed using recombinant human
(rh) Gal-3 and PD-1 to investigate potential binding. PD-1 and Gal-3 interaction in patient samples was measured
by ELISA. Surface expression of Gal-3 and PD-1 on PBMCs and SFMCs, as well as intracellular IL-2 levels upon
stimulation were assessed by flow cytometry. Statistical analysis and graphs were performed using GraphPad Prism
9.0.2 Software.

Results: Using SPR, we demonstrated that Gal-3 binds PD-1 as well as PD-L1 with an estimated K, of 10° and 107,
respectively (Fig. 1). This binding was confirmed in SF and plasma samples from RA patients, where rhGal-3 could
capture soluble PD-1 (Fig. 2). Significantly higher levels of PD-1 were detected by rhGal-3 in SF (n=25) compared to
plasma samples from both RA (n=7, p=0.002) and healthy controls (n=7, p=0.001).

RA PBMCs (n=6) and SFMCs (n=6) were stimulated using anti-CD3/anti-CD28 stimulation. Significantly higher levels
of cells expressing either PD-1 (p=0.007), as well cells positive for both PD-1 and Gal-3 (p=0.04), were observed in
SFMCs compared to PBMCs, supporting the effects of Gal-3 in the local inflamed microenvironment. Treating stim-
ulated CD4+ cells with rhPD-L1, caused IL-2 levels to decrease (p=0.059). When rhGal-3 was administered alone
it also resulted in decreased IL-2 levels (p=0.02), however, treating stimulated CD4+ cells with both rhPD-L1 and
rhGal-3 the effect of each treatment was repelled (p=0.03), which could be explained by Gal-3s capability to interact
directly with PD-1 and its ligands (Fig. 3).
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Figure 3. Flow cytometry and intracellular staining for IL-2. The ratio between IL-2 mean fluorescence intensity (MFI) on CD4+ T cells in cells
stimulated with anti-CD3 and anti-CD28 and given various treatments. Treating cells with rhPD-L1 resulted in decreased IL-2 MFI (p=0.0591).
IL-2 MFI is also decreased when treating cells with rhGal-3 (p=0.02). However, when cells are treated with rhPDL1 and rhGal-3, the effect is
repelled (PD-L1 vs PD-L1+Gal-3, p=0.03; NT+s vs PD-L1+Gal-3, p=0.9).

Conclusion: Here we showed how Gal-3 binds PD-1. Data support that the effect of Gal-3 on PD-1 signaling are
more pronounced in a local inflammatory milieu in the synovium. Finally, when both Gal-3 and PDL1 were present, the
anti-inflammatory effect of PD-1 signaling in decreasing IL-2 was repelled by high levels of local Gal-3.

Disclosure: K. Pedersen, None; M. Nielsen, None; M. Hvid, None; B. Deleuran, None; S. Greisen, None.
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Background/Purpose: The milk protein aS1-Casein (CSN1S1) was described to be overexpressed in synovial tissue
of patients with rheumatoid arthritis (RA) and osteoarthritis (OA). Recently we were able to show that aS1-Casein is
capable of inducing the secretion of proinflammatory cytokines in human monocytic cells. Since synovial fibroblasts
are known to regulate propagation of inflammation and contribute to cartilage and bone destruction in RA, our aim was
to investigate whether aS1-Casein increases the pathogenic potential of RA and OA synovial fibroblasts (RASF and
OASF).

Methods: Fibroblasts were isolated from synovial tissues obtained from patients diagnosed with RA and OA who un-
derwent synovectomy due to total joint replacement. RASF and OASF were cultivated in the presence or absence of
procaryotic recombinant human aS1-Casein and LPS. Polymyxin B (5pg/ml, Px5) was added to cultured cells to rule out
any LPS-effects. After 24 hours fibroblast-derived IL-6, IL-8 and MMP-3 were measured in the supernatant by ELISA.

Results: ELISA analysis showed that synovial fibroblasts from RA and OA patients acquire a proinflammatory and
destructive phenotype after treatment with aS1-Casein. This proinflammatory phenotype was induced by aS1- Ca-
sein in a concentration-dependent manner with elevated secretion of IL-6 (Ctrl. vs. aS1-Casein (500ng/ml); n=5-6,
RA: p***=0.0001; OA: p**=0.0048), IL-8 (Ctrl. vs. aS1-Casein (500ng/ml); n=5, RA: p****< 0.0001; OA: p*=0.0179)
and MMPS3 (Ctrl. vs. aS1-Casein (500ng/ml); n=5-6, RA: p***=0.0007; OA: n.s.). LPS treatment alone increased the
levels of IL-6 (Ctrl. vs. LPS 1ng/ml; n=5-6, RA: p*=0.0455, OA: n.s.; Ctrl. vs. LPS 10ng/ml; n=5-6, RA: p**=0.0039;
OA: p**=0.0014), IL-8 (Ctrl. vs. LPS 1ng/ml; n=4-5, RA: p**=0.0037, OA: p**=0,0094; Ctrl. vs. LPS 10ng/ml; n=4-5,
RA: p***=0.0005; OA: p***=0.0002) and MMP3 (Ctrl. vs. LPS 1ng/ml; n=5-6, RA: n.s; OA: p*=0.0433; Ctrl. vs. LPS
10ng/ml; n=5-6, RA: p*=0,0287; OA: p**=0.002). Addition of polymyxin B to aS1-Casein-treated fibroblasts did not
significantly influence the secretion of the investigated factors (IL-6, IL-8, MMP3: aS1-Casein vs. aS1-Casein+Px5,
n=4-6) while polymyxin B completely blunted the LPS-induced secretion (IL-6: LPS 10ng/ml vs. LPS 10ng/ml +Px5,
n=5, RA: p*=0.0326; OA: p*=0.014; IL-8: LPS 10ng/ml vs. LPS 10ng/ml +Px5, n=5-6, RA: p**=0.0038; OA: p****<
0.0001; MMP3: LPS 10ng/ml vs. LPS 10ng/ml +Px5, n=6, RA: p*=0.0287; OA: n.s.). Furthermore, by using immu-
nofluorescence histology of synovial tissue from RA and OA patients, we demonstrated that infiltration of casein-
positive cells occurs mainly in RA and not OA patients.

Conclusion: In conclusion, our results suggest that casein-positive infiltrating cells are responsible for inducing a
proinflammatory phenotype in RASF and augment their destructive capability. aS1-Casein might therefore be part of
the pathomechanism of RA.

Disclosure: N. Honke, None; T. Appel, None; M. Schneider, GlaxoSmithKline, 2, 5, 6, UCB, 5, 6, AbbVie, 2, 5, Alex-
ion, 2, AstraZeneca, 2, 6, Boehringer-Ingelheim, 2, Janssen-Cilag, 2, 6, Lilly, 2, 6, Novartis, 2, Pfizer, 2, 6, Roche, 2,
Sanofi-Aventis, 2, Biogen, 6, BMS, 6, Celgene, 6, Chugai, 6; G. Pongratz, None.
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Figure 1. KODAMA is a supervised multivariate statistical analysis. This graph shows that the 6 experimental groups show a characteristic
clustering, hence suggesting that each group has a unique metabolic fingerprint.

Session Time: 8:30AM-10:30AM

Background/Purpose: Rheumatoid arthritis (RA) remains a disease with high morbidity. Biologic agents revolution-
ized the therapy of RA, but they are withdrawn in 50% of patients in 5 years due to loss of efficacy or side-effects.
Predictive biomarkers for drug efficacy or side effects are missing while a personalized approach in RA therapy is
imperative. Several reports support the notion that specific metabolomics profiles are good predictors for response to
TNF blockers. However, the results of many studies are inconclusive due to the small sample size, lack of sequential
samples and synchronization of sample collection with initiation or change of therapy.

The aim is to create a metabolic profile for RA patients at different time-points of therapy (DMARDs/bDMARDs),
identify biomarkers related to therapy-response, monitor the disease progression, and predict the optimal disease
management.

Methods: Plasma was collected from fasted RA patients according to their therapy timepoint: newly diagnosed Naive
(N, n=5) without therapy, before (RAb, n=9) and after (RAa, n=4) therapy (follow up of Naive and RAb), and patients
on standard therapy (RAs, n=35) either DMARD/bDMARD being in a stable condition. Osteoarthritis (OA, n=3) pa-
tients and healthy controls (ctr, n=6) were also included in the study. Metabolomic profiling was carried out with 1H
NMR spectroscopy. Uni- and multivariate statistical analyses were done to investigate clustering of the experimental
groups and define the responsible metabolites. Knowledge Discovery by Accuracy Maximization (KODAMA) was ap-
plied for feature extraction in an unsupervised and semi-supervised approach, using principal component analysis-
canonical analysis with k-Nearest Neighbor (PCA-CA-kNN) and Partial least squares discriminant analysis (PLS-DA)
as classifiers.
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Figure 2. Univariate analysis showed statistical significance (p>0.05) of the metabolites Tyrosine, Alanine, Glucose, and Acetone.

Results: Multivariate analysis using KODAMA revealed distinct metabotypes for the six groups, with acetone, tyros-
ine and alanine, posing the highest importance for discriminating RA patients. Pairwise comparisons using Orthog-
onal PLS-DA could also differentiate Naive patients from ctr and RAa patients, as well as RAb from RAa patients.
Univariate study showed that RAa patients are characterized by elevated alanine levels compared to the other groups
(mean + SD, 103) 246.8+38.5 in RAa, 174.1+51.2 in RAb, 175.6+40.4 in RAs, 163.9+19.3 in Naive; p< 0.01. Tyrosine
was significantly increased in RAs compared to RAb, 35.5+8.8 vs 24.3+6.9 respectively; p=0.005, while glucose
(2943.5+£316.0, 3659.8+1166.8; p=0.01) and acetone were decreased (2943.5+316.0, 3659.8+1166.8; p=0.01). Sig-
nificant alterations were also observed in macromolecule signals attributed to VLDL and LDL, indicating a putative
role of these lipoproteins in differentiating Naive from RAa and RAs patients.

Conclusion: These data confirm that the metabolic profile of RA patients from Greek populations shows differences
related to therapeutic treatment. Biomarkers like alanine and tyrosine can help evaluate the response to therapy.
Lastly, the lipoprotein profile is expected to provide additional biomarkers to improve patient classification helping
the treatment planning.
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Figure 3. Changes in the lipoprotein signal on the NMR spectra between the experimental groups.
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Background/Purpose: Besides anti-citrullinated protein antibodies (ACPA), rheumatoid arthritis patients (RA) of-
ten display autoantibody reactivities against other post-translationally modified (PTM) proteins, more specifically
carbamylated and acetylated proteins. Immunizing mice with one particular PTM results in an anti-modified protein
antibody (AMPA) response recognizing multiple PTMs. Furthermore, human AMPA, isolated based on their reactivity
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to one PTM, cross-react with other PTMs at the monoclonal and polyclonal level. However, it is unclear whether the
AMPA reactivity profile is “fixed” in time, or whether consecutive exposure to different PTMs can shape the evolving
AMPA-response. In this work, we aimed to investigate the evolution of the AMPA response in mice with controlled
exposure to PTMs as well as in humans at risk of RA and with early RA.

Methods: Mice were immunized with acetylated (or carbamylated) protein (ovalbumin) twice or cross-immunized with
an acetylated and then a carbamylated protein (or vice versa) and their serum was analyzed for AMPA responses us-
ing a different backbone protein (fibrinogen) bearing the same modifications. Longitudinally collected serum samples
of human individuals at risk of RA and with early RA were tested to investigate the evolution of the AMPA responses
over time.

Results: Mice immunized twice with either solely acetylated or solely carbamylated ovalbumin (AcOVA or CaOVA)
developed reactivity against both acetylated and carbamylated antigens. Irrespective of the PTM used for the first
immunization, a booster immunization with the other PTM resulted in increased titers to the second/booster PTM
(Figure A), indicating that immunization with a defined PTM-antigen leads to the generation of anti-PTM memory B
cells able to cross-recognize other PTMs. Furthermore, immunizing with CaOVA and boosting with AcOVA (or vice
versa) skewed the overall AMPA-response profile towards a relatively higher reactivity against the “booster” PTM
(Figure B). Human data also illustrated dynamic changes in AMPA reactivity profiles in both individuals at risk of RA
and in early RA patients (not shown).

Conclusion: The relationship between different reactivities within the AMPA response is dynamic. The initial exposure
to a PTM antigen induces cross-reactive response that can be boosted by this or other PTMs. The overall reactivity
pattern can be shaped by subsequent exposure to other PTMs. These data might explain temporal differences in the
AMPA-response profile and point to the possibility that the PTM responsible for the initiation of the AMPA response
may differ from the PTM predominantly recognized later in time.

Disclosure: M. Volkov, None; A. Kampstra, None; K. van Schie, None; T. Huizinga, None; R. Toes, None; D. van
der Woude, None.
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Background/Purpose: Rheumatoid arthritis (RA) is pathologically characterized by autoimmunity against citrullinated
proteins, proliferative synovitis, and ultimately joint destruction. Synovial fibroblasts (SFs) are, when activated, capable
of hyperproliferating and producing large amounts of proinflammatory mediators including IL-6, thus considered to be
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the key effector cells in RA pathogenesis. SFs obtained from RA patients have high autophagy activity, probably con-
tributing their active phenotype [1]. Besides, our recent study suggests SFs’ autoimmune potential by demonstrating
the increase of citrullinated vimentin and its interaction with MHC class Il when treated with IFN-y and autophagy induc-
ers [2]. JAK1 is an emerging therapeutic target in RA, but its roles in the active phenotype of SFs remain to be elucidat-
ed. To clarify the role of JAK1 in the regulation of autophagy and in the inflammatory and autoimmune potentials in SFs.

Methods: SFs were derived from synovial tissue specimens obtained from RA patients during joint replacement sur-
gery and used between passages 4-8 for all experiments. To inhibit JAK1, SFs were treated with its selective inhibitor
upadacitinib for 6-24 h with the optimal concentration determined by BrdU assay. To induce autophagy, SFs were
starved using serum-free medium for 2h or treated with 10pM of the proteasome inhibitor MG132 for 24h in the pres-
ence or absence of 5mM of the autophagy inhibitor 3-methyladenin. The expression of autophagy-related proteins/
genes, including LC3-Il, BECN1, ATG5 and ATG7, were analyzed by Western blotting or real-time PCR. The expres-
sion of IL-6 was measured in cell culture supernatants by ELISA. The interaction between citrullinated vimentin and
MHC class Il (HLA-DR) were analyzed by in situ proximity ligation assays. P values were calculated by ratio paired
t-test and considered significant when less than 0.05.

Results: JAK1 inhibition with upadacitinib resulted in the significantly decreased expression of LC-3Il (p =0.016
triplicated, n =3), BECN1 (p = 0.01, n =5), ATG5 (p = 0.03, n =5) and ATG7 (p = 0.02, n =5) in starved SFs. Similar
results were obtained in SFs treated with IFN-y. The treatment of SFs with 100 ng/mL of IFN-y for 24 h increased
the expression of IL-6 in cell culture supernatants (p =0.017, n =3), which was inhibited by upadacitinib (p = 0.02, n
= 5). The interaction between citrullinated vimentin and MHC class Il was increased in SFs following treatment with
starvation and IFN-y (100ng/mL, 24h) (p = 0.003, n = 6). The effect was cancelled by the addition of upadacitinib (p =
0.009, n = 6) or 3-methyladenin (p = 0.02, n = 6).

Conclusion: Our current results indicate that JAK1 positively regulates autophagy and reinforces the inflammatory
and autoimmune potentials in SFs. The mode of action of JAK inhibitors would include the mitigation of SFs’ active
phenotype.
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Background/Purpose: Rheumatoid Arthritis (RA) is a chronic inflammatory disease characterized by synovial in-
flammation leading to bone destruction. Bone erosion in RA results from excessive resorption of bone by osteoclasts
and inadequate formation of bone by osteoblasts. Osteoclasts are specialized multinucleated cells that are derived
from cells of monocyte-macrophage lineage. The pro-inflammatory cytokines exert their influence on the biology of
osteoclast and thereby enhances the joint destruction in RA. Recently, our group and others have observed increased
levels of interleukin-9 (IL-9) in the synovial fluid of patients with RA. Therefore, we investigated the impact of IL-9 on
in vitro osteoclastogenesis in RA.

Methods: The study was conducted in active RA patients, diagnosed based on American College of Rheumatology
(ACR), 1987 criteria. Peripheral blood (PB) was collected in heparinized vial. For TRAP assay, Mononuclear cells were
stimulated with 50 ng/ml recombinant(r) human sRANKL, 50 ng/ml M-CSF and 100ng/ml of rIL-9 for 21 days. Cells
were then fixed and stained using Acid Phosphatase, Leukocyte Kit. Tartrate resistant acid phosphatase (TRAP)-
positive cells with three or more nuclei were scored as osteoclasts. Quantitative RT-PCR of osteoclast specific gene
was performed after 3 days of stimulation as indicated using the QuantStudio® 5 Real-Time PCR System. Whole
transcriptome analysis was performed using lllumina HiSeq X10 sequencing platform. Bone samples were obtained
under sterile conditions from patients undergoing orthopedic surgery for non-pathological fractures and immediately
placed in phosphate buffer saline (PBS) containing antibiotics. Samples were broken into tiny pieces and cultured in
complete aMEM medium. Bone explant cultures were performed in six well plates with one piece of bone in a final
volume of 6ml, and in the presence or absence of 100ng/ml IL-9.

Figure 1. Impact of IL-9 on Osteoclast formation and Matrix metalloproteinases (A) Quantitative Real-Time PCR (RT-PCR) of osteoclast
specific genes, nuclear factor of activated T-cells, cytoplasmic 1 (NFATc1), cathepsin K (CTSK) and acid phosphatase 5, tartrate-resistant
(ACP5) was performed after 3 days of stimulation as indicated (* p<0.05). (B)Tartrate resistant acid phosphatase (TRAP) positive multinucleated
cells (MNCs) were scored as osteoclasts (** p<0.005). (C) Heat map of RNA-Seq transcriptome analysis for top 30 genes at 2 foldchange and
p value 0.05 of samples treated with MCSF+RANKL in presence or absence of IL-9. Differential expression analysis was done using DESEQ
software. (D) Quantitative RT-PCR of MMP-1 and MMP13 was performed after 5 days of stimulation with or without rlL-9 (** p<0.005* p<0.05).
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Results: We observed that rIL-9 stimulation along with M-CSF/sRANKL significantly enhanced the expression of nu-
clear factor of activated T-cells, cytoplasmic 1 (NFATc1), acid phosphatase 5, tartrate-resistant (ACP5) and cathepsin
K (CTSK) as compared to M-CSF/sRANKL stimulation. Furthermore, we observed significant increase in the number
of osteoclasts with rlL-9 stimulation along with M-CSF/sRANKL. Next, we performed transcriptome analysis between
IL-9/M-CSF/sRANKL treated samples and M-CSF/sRANKL treated samples. Transcriptome analysis revealed differ-
ential gene expression with rlL-9 stimulation along with M-CSF/sRANKL as compared to stimulation with M-CSF/
sRANKL. Using trabecular bone explant, we checked the effect of rIL-9 on matrix metalloproteinases (MMPs), which
are critical regulators of extracellular matrix (ECM) proteolysis. We observed that IL-9 modulates the expression of
collagenases MMP1 and MMP13, which plays critical role in bone and cartilage degradation.

Conclusion: Our observations indicate towards the IL-9 mediated structural damage in the RA by the enhancing
the differentiation of osteoclasts and modulating the expression of MMPs. Thus, blocking IL 9 pathway might be an
attractive immunotherapeutic target for RA.

Disclosure: S. Kar, None; D. Mitra, None; V. D, None; S. Chakraborty, None.
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Background/Purpose: Methotrexate (MTX) is the first-line therapy for rheumatoid arthritis (RA). While therapeutic
adherence is essential to the successful management of the patient, an estimated 40% of patients are thought to be
non-adherent. Adherence to MTX is challenging to monitor as no objective MTX assay is currently available.

Our objective was to describe the urinary kinetics of MTX and its major 7-OH-MTX metabolite in treated patients and
to evaluate the possibility to use one or both of these markers as an objective MTX-adherence assay.

Methods: Fifty-nine patients with RA (2010 ACR/EULAR criteria) treated with subcutaneous MTX were recruited.

Patients underwent urinary MTX pharmacokinetic assessment using high-performance liquid chromatography-mass
spectrometry (HPLC-MS/MS) analysis. The urine sample was analyzed before and after subcutaneous injection (from
2 hours to 10 days after injection). Confirmed administration at hospital therapy was the reference of MTX-adherence.

MTX and 7-OH-MTX concentrations were analyzed, and a population pharmacokinetic model was developed to de-
scribe the kinetics of MTX as a function of time and weekly dose.

From this model, the urinary MTX concentrations in treated patients were compared with the urinary concentrations
of controls (n = 18 referent patient adherent and 10 patient with undifferentiated inflammatory arthritis without mtx
treatment).
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Results: A total of 363 urine samples (range 2-6 per patient) were obtained from patients treated with subcutaneous
MTX. The average weekly dose of MTX was 17.2 mg/week (7.5-25mg)

A 2-compartment model with nonlinear renal elimination kinetic best described the urine MTX concentration versus
time curves. This model allowed us to characterize the standard kinetic profiles of the observant patients as a func-
tion of different associated factors. Thus, 95% of MTX urine concentration values were above 0.9 nM regardless of
the delay between MTX injection and urine sampling and independently associated MTX-adherence. A discriminatory
cut-off value of 0.9 nM (v.s control group 0.22, CI95% [0.19-0.25] pM) made it possible to have an assay sensitivity
and specificity of more than 93% and an AUC-ROC above 96 %, regardless of the MTX doses.

Conclusion: Using urine MTX concentration, we developed a pharmacostatistical model to monitor subcutaneous
MTX adherence of RA patients. This allowed us to propose a new and objective MTX-adherence assay, which could
help in current practice to differentiate patients who do not respond to methotrexate from non-adherent patients.
After further validation, this test could therefore improve patient management by avoiding unnecessary intensification
in non-adherent patients.

Visual predictive check of urinary MTX model with observed data (dot). Prediction intervals (95 %) for each percentile
are estimated across all simulated data and displayed as colored areas (pink for the 50th percentile, blue for the 10th
and 90th percentiles).
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Background/Purpose: Interleukin 40 (IL-40) is recently identified B cell - associated cytokine implicated in humoral
immune responses and in B cell development and homeostasis. As B cells play a pivotal role in autoimmunity, we
aimed to investigate the function of IL-40 in rheumatoid arthritis (RA).

Methods: IL-40 expression was determined in the synovial tissue from RA and osteoarthritis (OA) patients. IL-40 was
analysed in the serum and synovial fluid of patients with RA (n=50), systemic lupus erythematosus (SLE, n=69), OA
(n=44), and in healthy controls (HC, n=50). All patients met the ACR-EULAR criteria of the particular disease (1,2,3).
We also assessed the changes of IL-40 levels in RA patients following the B-cell depletion therapy by rituximab (n=33)
or after the TNF inhibition by adalimumab (n=25). We examined the relationship between IL-40, disease activity, au-
toantibodies, cytokines and markers of NETosis. The effect of IL-40 on synovial fibroblasts was determined.

Results: We observed increased expression of IL-40 in the RA synovial tissue compared to OA, particularly in synovi-
al lining cells and infiltrating immune cells. The levels of IL-40 were up-regulated in the synovial fluid of RA compared
to OA patients (p< 0.0001). Similarly, IL-40 was increased in the serum of RA patients compared to HC, OA or SLE
patients (p< 0.0001 for all) and decreased after 16 and 24 weeks (p< 0.01 and p< 0.01) following rituximab treatment.
No significant effect of adalimumab on serum IL-40 was observed. IL-40 levels in RA patients correlated with rheuma-
toid factor-IgM and anti-cyclic citrullinated peptides (anti-CCP) in the serum (p< 0.0001 and p< 0.01), as well as in the
synovial fluid (p< 0.0001 and p< 0.001). Synovial fluid IL-40 was also associated with DAS28 (p< 0.05), synovial fluid
leukocyte count (p< 0.01), neutrophil attractants IL-8 (p< 0.01), MIP-1a (p< 0.01), and markers of NETosis such as
proteinase 3 (p< 0.0001) and neutrophil elastase (p< 0.0001). RA synovial fibroblasts exposed to recombinant IL-40
increased the secretion of IL-8 (p< 0.01), MCP-1 (p< 0.05) and MMP-13 (p< 0.01) compared to the unstimulated cells.

Conclusion: We show the up-regulation of IL-40 in RA and its decrease following B-cell depletion therapy. The
association of IL-40 with autoantibodies, chemokines and markers of NETosis may imply its potential involvement
in RA development. Moreover, IL-40 up-regulates the secretion of chemokines and MMP-13 in synovial fibroblasts,
indicating its role in the regulation of inflammation and tissue destruction in RA.
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Background/Purpose: 1) to evaluate the relationship among adipose tissue dysfunction, autoimmunity and disease
activity in rheumatoid arthritis (RA) patients; 2) to analyze the direct effect of antibodies to citrullinated protein anti-
gens (ACPAs) on the adipose tissue (AT) function and 3) to evaluate the role of insulin resistance (IR) and adipocy-
tokines in the therapeutic response with biological treatments.

Methods: 1) Design: cross-sectional study (150 RA patients and 50 healthy donors (HDs)) and longitudinal study (122
RA patients treated with anti-TNF-a (45), anti-IL6R (22) and anti-CD20 (55) therapies after 6 months of treatment).
Patients were classified in responders or non-responders based on EULAR criteria. Disease activity (DAS-28), auto-
immunity, acute phase reactants (CRP and ESR) and cardiovascular disease (CVD) risk factors were evaluated. The
serum levels of adipocytokines (TNF-a, IL-1b, IL-6, leptin, adiponectin, resistin, visfatin, omentin and vaspin) were
measured by ELISA. Next, in vitro experiments with human AT and adipocyte and macrophage cell lines treated with
G immunoglobulins isolated from HDs and RA patients were performed. The expression of genes related to inflamma-
tion, lipid accumulation and adipogenesis was analyzed in all experiments; 3) a collagen induced arthritis (CIA) mice
was developed. Plasma and AT were analyzed.
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Results: The levels of adipocytokines were significantly altered in RA serum and associated with disease activity.
Likewise, homeostatic model assessment of insulin resistance (HOMA-IR) correlated to DAS28. On the other hand,
ACPAs levels correlated with adipocytokine profile suggesting a role of ACPAs in the dysregulation of AT. AT of lean
CIA mice showed higher gene expression of specific markers of B and plasmatic cells and M1 macrophages as
disease activity increased. Furthermore, the in vitro treatment of human AT with ACPAs could promote the adipose
tissue dysfunction promoting an inflammatory state through the M1 polarization of macrophages and the blockage
of adipocyte differentiation. Next, RA patients with higher levels of HOMA-IR presented a worse response to biolog-
ical treatments. Besides, levels of vaspin and visfatin were significantly increased before the treatment in the non-
responders group. Although, all treatments significantly reduced disease activity after 6 months of treatment, the
effect of each one was different being the anti-CD20 treatment which modified a higher number of adipocytokines.

Conclusion: 1) IR and the altered adipocytokine profile in RA patients is associated with disease activity, the pres-
ence of autoimmunity and a worse response to therapy; 2) adipose tissue in the context of RA is altered in parallel
with the disease progression, characterized by an inflammatory state due to the infiltration of macrophages and B
and plasmatic cells; 3) ACPAs could be at least partially the responsible of adipose tissue dysfunction inducing in-
flammation and IR in macrophages and promoting a defective adipocyte differentiation.
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Background/Purpose: Rheumatoid arthritis (RA) is an autoimmune disease characterized by genetic predisposition
and associated immunological features including the production of autoantibodies against various epitopes. Several
pathways have been implicated in the induction of autoantibodies against novel epitopes through post-translational
modifications such as citrullination, carbamylation and acetylation. However, the spectrum of these antibodies and
their contributions in the pathogenesis e.g. by the formation of immune complexes in the synovial fluid has not been
fully uncovered.

Methods: Synovial fluids (SF) were collected from 17 RA patients and 40 individuals from a disease control (CG)
including reactive arthritis and psoriasis arthritis. Paired serum and SF samples were used from 16 RA and 19 CG
compared to serum from 70 healthy donors (HD). ELISA kits for anti CCP-IgG, anti-mutated citrullinated vimentin



56

(MCV)-lgG, anti-acetylated Lysine Antibody (anti-HC55)-IgG and anti-carbamylated vimentin (carbVim)-IgG were
used to test reactivity against modified proteins. Immune complexes (IC) were purified from sera and SF by applying a
technique using purified human C1q, which was immobilised on magnetic tosylactivated microparticles (Dynabeads
M-280) according to the manufacturer’s recommendations for activation of amine groups. C1q beads were washed
and incubated with 20 pL serum or SF in an Eppendorf microliter tube for 1.5 hours on shaker (600 rpm) at 37°C. Anti-
bodies from the C1g-bound IC were recovered in a two-step procedure- first with 0.1 M glycine-HCI, pH 2.5, followed
by 25% methanol, pH 11.5. Fractions were neutralized immediately. Extracted antigens from the IC were investigated
with Western blot for specific modifications or individual antigens with the corresponding antibodies. Citrullinated and
acetylated vimentin was identified as part of IC via mass spectroscopy. Purified anti modified protein antibodies (AM-
PAs) from serum or SF (isolated from IC or as soluble antibodies) were investigated on a custom-made LineBlot array
containing 24 different antigens either citrullinated, carbamylated, acetylated or unmodified/native counterparts.

Results: Titers of anti-CCP and anti-acetylated (anti-HC55) reactivity were higher in SF of RA patients compared
to CG. In contrast, no significant differences were detected in the titers of anti-carbVim and anti-MCV in SF of both
groups. AMPAs were detected in SF in immune complexes as well as free antibodies. Surprisingly, in addition to
citrullinated vimentin, the acetelylated form was also detected in the eluted fractions. Like carbamylated proteins,
haptoglobin and fibrinogen fragments were identified in small concentrations. The spectrum of identified acetylated
proteins included human proteins such as histones as well as fragments of bacterial filament proteins.

Conclusion: AMPAs recognize different modified antigens and form immune complexes in the SF of RA patients. The
higher titers of anti-acetylated protein antibodies and immune complexes in the synovium point to their contribution
in the pathogenesis of RA.

The identification of acetylated antigens in the synovium of RA patients is especially intriguing, as infections (bacteria)
are known to not only acetylate their own proteins, but also modify host proteins. Acetylated vimentin (MW 57 kDa)
was detected in eluted fractions (arrow). IC: immune complexes.
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Background/Purpose: Hypoxia and subsequent oxidative stress are early events in the RA joint and contribute to
the activation of synovial fibroblasts (SF). Small molecule inhibitors targeting the members of the bromodomain and
extra-terminal (BET) protein family (BRD2, BRD3, BRD4) have anti-inflammatory properties in RA. Here we analyzed
the potential of BET inhibitors in regulating stress response pathways in RA SF.

Methods: SF were obtained from shoulder and hand joints of RA patients undergoing joint replacement surgery. We
mimicked hypoxic conditions by treatment of SF with dimethyloxalylglycine (DMOG; 0.5 mM, 24 h). Stabilization of
HIF1a and GLUT1 protein expression were assessed by Western blotting. Oxidative stress was induced by treatment
of SF with 4-hydroxynonenal (4-HNE; 5 uM, 48h), a lipid peroxidation product present in synovial fluids, and TNF (10
ng/ml, 48h). Experiments were performed in absence and presence of the pan-BET inhibitor I-BET151 (1 uM). The ex-
pression of hypoxic response (VEGFA, PDK1, GLUT1, HK2) and oxidative stress response genes (CAT, GPX1, SOD2,
HMOXT1) was measured by Real-time PCR (n=7-10). Autophagy was assessed by Western blotting using LC3B-II as
an autophagy marker (n=7).

Results: Treatment of SF with DMOG stabilized HIF1a protein. I-BET treatment suppressed the DMOG-induced
expression of the hypoxic response genes VEGFA, PDK1, GLUT1 and HK2 (Figure 1A). Hypoxic conditions induced
the GLUT1 protein expression by 101.8-fold (= 108.2-fold), which was suppressed by 62.2% (+ 32.1%) in presence
of I-BET (p< 0.05). TNF treatment induced the expression of all measured stress response genes. Oxidative stress
further induced the TNF-induced expression of VEGFA, PDK1, GLUT1, HK2 and CAT (Figure 1B). In contrast to
results obtained under hypoxic conditions, |I-BET treatment further increased the expression of hypoxia response
genes under oxidative stress conditions. We have detected similarities and differences regarding the BET-meditated
regulation of oxidative stress response genes under different stress conditions. I-BET increased basal HMOX1 and
CAT expression in all conditions, and suppressed GPX7 expression under hypoxia and oxidative stress. In contrast,
BET inhibition decreased the expression of SOD2 only during oxidative stress but not under hypoxia. I-BET further in-
creased the expression of HMOX1 during oxidative stress, but suppressed the expression of HMOX1 during hypoxia.
I-BET induced the accumulation of LC3B-II protein by 2.7 (+ 1.4)-fold, which was further increased to 4.5 (+ 2.9)-fold
in presence of DMOG (p< 0.05). Oxidative stress conditions did not further induce the I-BET-induced expression of
LC3B-II.

Conclusion: BET protein inhibition affects stress-response target genes in a stimulus-dependent manner. Our data
suggest that hypoxia and oxidative stress conditions regulate individual stress response genes via distinct enhanc-
ers. Furthermore, we have identified BET proteins as regulators of autophagy.
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Figure 1. Expression of stress response genes in synovial fibroblasts after treatment with A. DMOG +/- TNF and B. TNF +/- 4-HNE in absence
and presence of the bromodomain inhibitor I-BET.
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matology Grant, Amgen, 2, Eli Lilly, 2, Pfizer Inc, 2; C. Ospelt, Novartis Foundation for Biomedical Research, 5; K.
Klein, Novartis Foundation, 5.

Abstract Number: 0036

The NAD* Metabolism Is Altered in Rheumatoid Arthritis and Its
Modulation with NAD" Boosters Exhibits Key Anti-Inflammatory and
Anti-Oxidant Effects

Carlos Pérez-Sanchez’, Luz Marina Sanchez-Mendoza’, Nuria Barbarroja®, M.Carmen Abalos-Aguilera®, Maria Luque-
Tevar®, Alejandra Patifio-Trives®, lvan Arias de la Rosa?, Cristobal Roman-Rodriguez®, Juan Antonio Moreno?, Maria
Isabel Buron?, Jose Antonio Gonzalez-Reyes?, Marta Rojas-Gimenez*, Eduardo Collantes-Estevez®, alejandro Escudero®,
Jose Manuel Villalba* and Chary lopez-pedrera®, 'IMIBIC, Cérdoba, Spain, “Department of Cell Biology, Physiology

and Immunology, University of Cérdoba, Campus de Excelencia Internacional Agroalimentario, ceiA3, Cordoba,
Spain, *University of Cordoba/IMIBIC/Reina Sofia Hospital, Cordoba, Spain, ‘Rheumatology service, IMIBIC/Reina

Sofia Hospital/University of Cordoba, Cordoba, Spain, "Rheumatology Department, Reina Sofia University Hospital/
Maimonides Institute for Research in Biomedicine of Cordoba (IMIBIC)/ University of Cordoba, Cordoba, Spain,
®IMIBIC/Reina Sofia Hospital/University of Cérdoba, Cérdoba, Spain

SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: RA — Etiology & Pathogenesis Poster (0011-0045)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: NAD" is a key cofactor and second messenger for multiple cellular processes that exhibits
antioxidant, anti-apoptotic, and anti-inflammatory properties. Numerous publications and clinical trials have shown
the beneficial effects of NAD* boosters in different diseases. However, to date no studies have evaluated the NAD*
metabolism and the therapeutic effects of NAD* boosters in RA patients.
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Aims: 1- To study the NAD" metabolism in RA patients and its association with key clinical features; 2-To evaluate the
effect of anti-TNF therapy in the NAD" metabolism; 3- To analyze the beneficial effects of NAD" boosters in leukocytes
from active RA patients.

Methods: Plasma and PBMCs were purified from 100 RA patients and 50 healthy donors (HDs). NAD" levels were de-
termined by using the NAD/NADH-Glo Assay. Gene expression analysis of markers related to the synthesis (NAMPT,
NMNAT2, NRK1), transport (Cx43) and consumption of NAD* (PARP-1, Sirtuin-1, CD157, CD38 y CD73) were per-
formed in PBMCs by RT-PCR.

Moreover, in a second cohort of 50 RA patients treated with anti-TNF therapy, changes in the levels of NAD* were
analyzed before and after 6 months of treatment.

In parallel, PBMCs from a third cohort of 10 active RA patients were treated ex vivo with 1 mM of NAD" boosters
including nicotinamide (NAM), nicotinamide riboside (NR), and nicotinamide mononucleotide (NMN). After 24 hours,
intracellular reactive oxygen species (ROS) levels and the % of apoptotic PBMCs were assessed by flow cytometry.
Finally, a panel of key pro-inflammatory genes was evaluated by RT-PCR.

Results: NAD" levels were significantly reduced in plasma of RA patients compared with HDs, and directly related
to disease activity. Accordingly, the expression levels of genes involved in the consumption of NAD* such as SIRT-1,
CD38 and PARP-1 were found up-regulated in PBMCs from RA patients. The levels of NAMPT and Cx43 were found
increased suggesting a compensatory response of the organism against the depletion of NAD" levels. The altered
metabolism of NAD" was associated with the increased expression of several cytokines such as TNF, IL6, IL1, IL8 and
CCL2 highlighting the role of inflammation in the altered NAD" metabolism.

Anti-TNF therapy restored the altered NAD" levels towards those showed by HDs. Furthermore, the clinical response
promoted by anti-TNF therapy correlated with changes in NAD" levels.

In vitro treatments of PBMCs isolated from active RA patients with NAD" boosters significantly increased the NAD*
levels and promoted a deep reduction of intracellular ROS levels, the percentage of apoptotic cells and the expres-
sion levels of key inflammatory mediators, such as IL-6, IL-8, IL-1b, TNF-a, CCL2, IL-23, and STAT-3.

Conclusion: 1. NAD" metabolism is altered and associated with the disease activity and the pro-inflammatory status
of RA patients. 2. Anti-TNF therapy restored NAD" levels, which was directly linked to the clinical effectiveness. 3.
NAD* boosters reduced the oxidative, apoptotic, and inflammatory profile of RA leukocytes through the parallel in-
crease of intracellular NAD" levels. Thus, NAD* boosters might be considered novel therapeutic tools for RA patients.

Supported by: FIS18/0837,RTI2018-100695-B-100,P18-RT-4264,CVI276
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Background/Purpose: The presence of anti-citrullinated protein antibodies (ACPAs) is a highly specific hallmark of
rheumatoid arthritis (RA), that is present also in early disease. However, 20% of RA subjects test negative for ACPA
and thus their early diagnosis and treatment may be delayed. Furthermore, despite the high specificity of the cyclic
citrullinated tests, their low sensitivity indicates that a negative result does not rule out the disease. Therefore, an
increased knowledge about the presence of other circulating biomarkers related with early RA is needed to improve
its diagnosis and to better understand the pathogenic mechanisms underlying the different RA subsets. In this study,
we aimed to search for plasma autoantibodies associated with ACPA status that could be useful to assist the early
diagnosis of RA.

Methods: We firstly profiled the plasma IgG and IgA repertoire of 80 ACPA positive and 80 ACPA negative subjects
entering the Epidemiological Investigation of Rheumatoid Arthritis (EIRA) early RA cohort. To this end, we employed
an antigen suspension bead array built with 260 protein fragments within Human Protein Atlas and selected from an
initial untargeted screening on planar arrays. A validation phase using a suspension bead array including 27 antigens
was carried out on another set of samples from EIRA which included 386 ACPA positive, 358 ACPA negative and 372
age and sex-matched control subjects. A sample-specific threshold was selected to determine the reactivity of all the
samples. The Wilcoxon rank sum test and Fisher’s test were applied for the comparison of autoantibody levels and
reactivity frequencies between the sample groups.

Results: Reactivities towards four different antigens were significantly associated to ACPA status (Figure 1 and
Figure 2). IgG autoantibody levels towards Testis-specific Y-encoded-like protein 4 (TSPYL4) were higher in ACPA
negative subjects compared to controls (Figure 1A). The prevalence of IgG autoantibodies towards TSPYL4 was also
higher in ACPA negative compared to ACPA positive (8% vs. 3%) (Figure 1B). Higher IgG autoantibody levels towards
dual specificity mitogen-activated protein kinase kinase 6 (MAP2K®6), were also observed in ACPA negative subjects
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Figure 1. IgG autoantibodies associated with ACPA negative status. MFI: median fluorescence intensity. *P<0.05;**P<0.01;***P<0.001.

compared to ACPA positive and controls, but no differences were observed on their prevalence (Figure 1C,1D). In
contrast, higher IgG autoantibody levels towards muscle related coiled-coil protein (MURC) and Anosmin-1 (ANOS-1)
were observed in ACPA positive individuals compared to ACPA negative and controls (Figure 2A, 2C). The prevalence
of IgG autoantibodies towards ANOS-1 was also higher in ACPA positive subjects compared with ACPA negative and
controls (22%, 9% and 6% respectively) (Figure 2D). Interestingly, three out of the four antigens discovered are highly
expressed in lungs and heart, two of the extraarticular sites affected in RA. No significant differences were validated
at IgA reactivity levels for any of the antigens analyzed.

Conclusion: Although further validation in other early RA sample cohorts is needed, our data suggest the measure-
ment of these four autoantibodies might be useful to assist the early diagnosis of RA and give insight into its patho-
genesis.
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Figure 2. IgG autoantibodies associated with ACPA positive status. MFI: median fluorescence intensity. *P<0.05;**P<0.01;***P<0.001.
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Background/Purpose: Individuals with anti citrullinated protein antibodies (ACPA) and musculoskeletal complaints
are at high risk for developing rheumatoid arthritis (RA) and often seek medical attention due to a symptom burden
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comparable to that of already diagnosed patients [1] We aimed to investigate the autoimmunity to other autoantibod-
ies, beside ACPA, and study its importance in relation to clinical variables and inflammatory proteins, in risk stratifi-
cation of predisposed individuals.

Methods: ACPA-positive individuals with musculoskeletal complaints referred from primary care (93%) and other
specialist (7%), to a rheumatology clinic were recruited in the Risk-RA Karolinska research program and followed-
up for up to 3 years or until arthritis diagnosis (April 2014 and February 2020). In order to investigate early disease
mechanisms all individuals lacked both clinical arthritis and subclinical arthritis (measured by ultrasound according to
EULAR-OMERACT definitions) in hands, feet and any other symptomatic joints. Blood samples collected at inclusion
were analyzed for 14 ACPA specificities along with their arginine counterparts as well as 5 anti-modified protein anti-
bodies (AMPA) against homocitrulline-, acetyl- and lysine- modified filaggrin 307-324 along with acetylated- histone
2B and histone 4 peptides, using custom made peptide array. We further screened for 92 inflammation-associated
protein biomarkers (by multiplex immunoassay with Olink extension technology) and HLA-SE (DR low resolution Kit).
Statistical analysis used univariate and multivariate models with backwards selection and cox regression.

Results: 267 individuals (median age 48 Cl: 36-58) were recruited, out of which 210 (78%) were females and with
mean presence of 5 ACPA and 1 AMPA reactivities. 79 (30%) developed arthritis within 11 (4-21) months of follow-
up compared to 21 (14-28) months median follow-up in those remaining arthritis free. In univariate models, specific
ACPAs and AMPAs were associated with progression towards arthritis (Table 1.) Rheumatoid factor positivity (p
0.0003), presence of HLA-SE (p 0.005) and levels of certain inflammatory proteins (CCL20, CXCL6, CXCL9, IL6, IL15,
IL17, DNER and TWEAK) associated with arthritis development. In multivariate (backwards selection) cox regression
analysis the presence of anti-cit-filaggrin 307-324 (HR 2.1, 95% CIl 1.2-3.7, p 0.005), IL6 levels (HR 1.4, 95% CI 1.2-
1.7, p< 0.001) and tenosynovitis (HR 2.9, 95% CI 1.7-5.0, p < 0.001) remained significant predictors for arthritis onset.
All other types of AMPA for filaggrin lost significance.

Conclusion: Risk-RA phase is characterized by several types of ACPAs and AMPAs, however anti-cit-filaggrin and
ACPA reactivities show the strongest risk for progression to arthritis along with inflammatory proteins and ultrasound-
detected tenosynovitis. The biological mechanisms need to be further explored in detail.

References
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Background/Purpose: Mucosal surfaces may be involved in the pathophysiology of rheumatoid arthritis (RA) (1).
IgA is the most abundant class of immunoglobulin at mucosal sites and has an important function in intestinal ho-
meostasis. Therefore, it is worthwhile to study this isotype in more detail in the context of RA. Humans have two
IgA subclasses, IgA1 and IgA2, which are not evenly distributed. IgA1 is dominant in serum, whereas IgA1 and IgA2
are more balanced at mucosal surfaces (2). Besides these differences in location, IgA2 has also been ascribed pro-
inflammatory properties (3). As IgA subclasses might provide insights into mucosal involvement and potential pro-
inflammatory mechanisms in RA, we measured total and autoantibody specific IgA subclasses in sera of rheumatoid
arthritis patients.

Figure 1. Total IgA1 and IgA2 levels in seropositive and seronegative RA patients.
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Figure 2. RF IgA1 & IgA2 levels and anti-CCP2 IgA1 levels in RA patients.

Methods: RA patients from two cohorts, the IMPROVED and the EAC, were selected based on previous autoanti-
body measurements. Samples were collected at baseline in the IMPROVED study and at the 1-year visit in the EAC.
All patients fulfilled the 1987 (EAC) or 2010 (IMPROVED) ACR criteria for RA. Rheumatoid factor (RF), anti-citrullinated
protein antibodies (ACPA) and total IgA subclasses were measured in these sera using in-house ELISA’s, and com-
pared to healthy donors. The association of IgA subclass levels with CRP, disease activity score (DAS) and smoking
was investigated using Spearman’s rank correlation and Mann-Whitney U tests.

Results: Both total IgA1 and IgA2 were increased in seropositive RA, but not in seronegative RA patients in the
IMPROVED (Figure 1). In seropositive RA, both IgA subclasses were raised to the same extent. RF and ACPA IgA1
and IgA2 were also detected in seropositive RA patients (Figure 2), but measurements of ACPA IgA2 levels proved
challenging due to interference of RF IgA and are therefore not depicted. Although IgA2 has been postulated to be
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Figure 3. A) Association of total and autoantibody IgA subclasses with CRP in IMRPOVED B) Association of total and autoantibody IgA
subclasses with smoking in IMPROVED.

more proinflammatory, no relevant associations were found between total, RF and ACPA IgA subclass levels and CRP
(Figure 3A, IMPROVED only) or DAS. In smoking seropositive RA patients, a selective minor increase in total IgA2, RF
IgA1 and RF IgA2 was seen in both cohorts (Figure 3B, IMPROVED only), although all were non-significant in the EAC.

Conclusion: Seropositive RA patients have equally raised IgA1 and IgA2 levels and can also harbor RF and ACPA
IgA subclasses. No indications of a mucosal source, such as a predominance of total IgA2, were found, although
smokers might have slightly increased total IgA2. However, these results do consolidate the concept that seropositive
versus seronegative RA have different pathophysiological traits, with seropositive patients perhaps displaying more
aspecific B cell hyperreactivity.
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Background/Purpose: Rheumatoid Arthritis (RA) is a chronic autoimmune disorder affecting 1% of the population
worldwide [1]. Monocytes/macrophages are known to play a crucial role in modulating the immune inflammatory
response through their possible polarization into “pro-inflammatory” (M1) or “anti-inflammatory” (M2) phenotypes [2].
In RA, CTLA4-Ig fusion protein (abatacept) has been found to reduce the proinflammatory activity of macrophages,
by interacting with the costimulatory molecule CD86 [3,4].

This study aimed to investigate the in vitro capability of CTLA4-Ig to induce the M2 phenotype in cultured monocyte-
derived macrophages (MDMs) obtained from RA patients and in M1-polarized MDMs obtained from healthy subjects
(HSs).

Methods: Five RA patients (mean age 54+13 years), who fulfilled the 2010 ACR/EULAR Classification Criteria for RA,
and ten age-matched HSs were enrolled for the study after signed informed consent and local EC approval. Cultured
MDMs were obtained from circulating blood mononuclear cells and stimulated with phorbol myristate acetate (PMA,
5ng/ml) for 24 hours (hrs). HS MDMs were then stimulated with lipopolysaccharide (LPS, 1mg/mL) for 4 hrs to induce
a pro-inflammatory M1-MDM phenotype. Therefore, both RA-MDMs and M1-MDMs were treated with CTLA4-Ig
(100pg/mL or 500pg/mL) for 3, 12, 24 and 48 hrs. Gene expression of CD80, CD86 and TLR4 (M1 markers), CD163,
CD204 and CD206 (M2 markers) were evaluated by gRT-PCR. Moreover, protein synthesis of M2 markers was inves-
tigated by Western blotting. The statistical analysis was performed by non-parametric Wilcoxon t-test.

Results: In LPS induced M1-MDMs (HS), CTLA4-Ig (100pg/mL and 500pg/mL) significantly downregulated the gene
expression of all M1 phenotype markers (CD80, CD86, TLR4: 3 hrs p< 0.01; 12 hrs p< 0.05 for all) and significantly
upregulated all M2 markers after 12 hrs of treatment (CD163: p< 0.01 and p< 0.05; CD206: p< 0.05 and p< 0.01;
CD204: p< 0.05 by CTLA4-Ig 100pg/mL). Accordingly, CTLA4-lg (500pg/mL) increased the protein synthesis of M2
markers, significantly after 48 hrs of treatment (p< 0.05).

On the other hands, in RA-MDMs, CTLA4-Ig generally downregulated the gene expression of M1 markers at both
concentrations and all timing, but in a significant manner only that of TLR4 and CD80 and only by the highest dose
(500pg/mL, 12 hrs, p< 0.05). Of note, CTLA4-Ig (100pg/mL) upregulated significantly the gene expression of CD163
(M2 phenotype marker; p< 0.05). However, gene expression and protein synthesis of all the investigated M2 markers
at both concentrations increased in a non-significant manner compared to untreated cells.
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Conclusion: CTLA4-Ig seems to induce the in vitro polarization, from M1 to M2, of cultured MDMs obtained from
RA patients and of M1-MDMs from HSs, therefore proving a new aspect for the anti-inflammatory activity exerted by
abatacept in RA pts.
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Background/Purpose: Rheumatoid arthritis (RA) is a common multisystem inflammatory condition, affecting ap-
proximately 1% of the world population. The mechanisms underlying RA are still incompletely defined and current
therapies, such as TNF-alpha inhibition, are mainly applied to mitigate the abnormal inflammation with limited suc-
cess. RA fibroblast-like synoviocytes (FLS) in the synovium release cytokines that drive inflammation and attract
immune cells, particularly monocytes, to the synovium microenvironment. These monocytes can further polarize to
inflammatory macrophages, exacerbate the tissue inflammation and contribute to joint destruction. Herein, we engi-
neered an organotypic, perfusable ‘Synovium-on-a-Chip’ to recapitulate the in vivo pathophysiology of RA synovial
microenvironments and to dissect the RA FLS and monocyte associated inflammatory mechanisms that contribute
to RA.

Methods: The microfluidic Synovium-on-a-Chip was constructed using a polydimethylsiloxane (PDMS)-based soft
lithography technique. The chip contains two areas (Fig. 1A). The inner ring was infused with endothelial cells to form
a 3D vascularized sublining layer. The outer ring was inoculated with RA FLS which aligned to form a synovial lining
layer in a fibrin hydrogel (Fig. 1B-D). Monocytes were isolated from peripheral blood mononuclear cells and then
loaded into the 3D vasculature (Fig. 1C). We analyzed cellular architecture and motility, gene expression, and cytokine
secretion. Flow cytometry was used to assess cells after culture.

Results: We found that RA FLS released several cytokines, such as IL-6, CCL5, and CCL8, which facilitate the
monocyte recruitment and drive inflammation in the RA niche (Fig. 1D). We confirmed that TNF-a (a major pathogenic
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Figure 1. An organotypic Synovium-on-a-Chip. (A) Schematic of the RA niche and microfluidic design and (B) the resultant RA chip. (C)
3D view of monocytes loaded into the vascular network. (D) Cytokine profile of the RA niche identified inflammatory cytokines. (E) Migration
trajectory of monocyte into RA niche treated with or without TNF-a. (F) TNF-a promoted non-classical monocyte emergence. **p < 0.01.

cytokine in RA) induced inflammatory cytokine production and enhanced monocyte migration in the inflammatory
environment (Fig. 1E). We also observed RA FLS and TNF-a treatment enhanced intermediate/non-classical CD16+
monocyte emergence (Fig. 1F).

Conclusion: We engineered a biomimetic ‘Synovium-on-a-Chip’ system that reconstitutes in vivo RA pathophysiol-
ogy and dissected interactions between RA FLS and peripheral blood monocytes and their associated inflammatory
milieu involved in RA. To our knowledge, ours is the first vascularized device used in biomimetic synovial culture and
testing.
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Background/Purpose: Antibodies to citrullinated and other modified proteins play a critical role in the pathogenesis
of rheumatoid arthritis (RA). The prevalence and degree of multi-site peptide reactivity of these antibodies in patients
classified as “seronegative” is unclear.

Methods: An ultra-dense peptide array consisting of two million sequences was manufactured using photolithogra-
phy. The peptide library was random but biased to include the sequences of filaggrin, fibrinogen, vimentin, collagen Il,
enolase, histones, and 14-3-3 eta with native, citrullinated, and carbamylated epitopes. A machine-learning algorithm
identified 314 RA-specific peptides from a testing cohort of 140 RA patients, 480 healthy controls, and 136 disease
controls based on signal-to-noise ratio. A validation cohort of 249 patients with RA (Table 1) was then analyzed on
the basis of anti-cyclic citrullinated peptide (CCP) and rheumatoid factor (RF) positivity.

Results: The validation cohort included 106 patients (43%) who were negative for both CCP and RF (“seronegative”).
Within this group, 25% had antibody binding to at least one site in the library of 314 peptides, compared with 98%
of patients in the CCP and RF positive group (p< 0.0001). Only one control patient (1%) had any positive result. A
heat-map of peptide reactivity is shown in Figure 1. Multi-site reactivity was more limited among the “seronegative”
patients, with only 4% having antibody binding to at least 50 sites, compared to 80% in the CCP and RF positive
group (p< 0.0001) (Figure 2). There was no significant difference in the ratio of antibodies to carbamylated vs. citrul-
linated proteins between “seronegative” and CCP positive patients. The presence of any HLA shared epitope allele
was associated with positivity in this assay, with odds ratios of 3.56 (95%CI 1.99-6.37) for any binding and 4.22
(95%ClI 2.22-6.37) for binding to greater than 50 sites.

Conclusion: This high-throughput assay demonstrated the presence of modified protein antibodies in a subset of
“seronegative” patients, though multi-site reactivity was rare relative to CCP positive patients. This suggests that
the mechanisms driving polyreactivity are features of seropositive RA and “seronegative” disease may have unique
pathogenic features even when autoantibodies are present.

Table 1. Demographics of the validation cohort
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Figure 1. Heat-map of peptide reactivity. Results determined through immunofluorescence with tyramide signal amplification. Columns
represent individual patients with rows showing antibody binding to each peptide.

Figure 2. Number of peptide binding sites for every patient with at least one positive result. Each circle represents an individual patient.
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Background/Purpose: Interleukin-1 (IL-1) is a crucial mediator of inflammatory cartilage and bone destruction in
rheumatoid arthritis (RA). IL-1[3 signaling relies on the activation of TGF-beta activated kinase 1 (TAK1), a serine/
threonine kinase that centrally regulates the mitogen activated protein kinase (MAPK) and nuclear factor kappa B
(NF-kB) pathways, which makes it an attractive therapeutic target. Takinib is a small molecule inhibitor proposed to
inhibit TNF-a-induced inflammation by targeting TAK1, however, its efficacy against IL-13-driven inflammation and
the underlying mechanism of its action remains to be tested. In the present study, we evaluated the effect of takinib
on IL-1B-activated RA synovial fibroblasts (RASFs).

Methods: Human RASFs isolated from RA synovial tissue were serum starved overnight followed by two-hour pre-
treatment with takinib at various concentrations (0.1-10 uM) before treatment with IL-1 (10 ng/mL) for 24 hours to
determine the cell viability and the production of soluble proteins by ELISA, or for 30 minutes to evaluate the effect
on IL-1[B-activated signaling pathways. Irreversible type | (5z-7-oxozeaenol; 5Z-70; 1 uM) and reversible type Il (NG-
25; 1 uM) inhibitors of TAK1 served as experimental controls. Effect of takinib on the kinome was determined using
a human proteome profiler phospho-kinase array. Conditioned media was used for ELISA, whole cell lysates and
nuclear/cytoplasmic extract were used for Western blot analysis. Effect on the cell viability was determined using an
MTT-based assay. Molecular docking of Takinib as a ligand was performed on human STAT3 protein.

Results: Human phospho-kinase array results from RASFs identified phosphorylation of STAT3 at Ser’®” and Tyr'®
as a primary target of takinib (10 uM) in response to IL-1[3 stimulation. Pretreatment of RASFs with takinib (0.1-10
pM) showed a dose-dependent reduction in ENA-78/CXCL5, IL-6, IL-8 and MCP-1/CCL2 production, which were
completely abrogated by 5Z-70 and NG-25 at 1 uM (n=3; p< 0.05). We also observed a significant reduction in cell
viability by takinib at 10 pM (n=4; p< 0.05). Evaluation of the signaling pathways in RASFs further confirmed that
takinib abrogates the non-canonical activation of STAT3 in response to IL-13 stimulation by suppressing Ser’®” and
Tyr™® activation. Surprisingly, takinib showed a dose-dependent increase in IL-1B-induced phospho-TAK1 at its ki-
nase domain (Thr'®'®) in human RASFs. In corroboration of the kinome results, Western blot analysis showed that
takinib inhibited the nuclear translocation of IL-13-induced STAT3, but not of NF-kBp65, in human RASFs (n=3; p<
0.05). Molecular docking of takinib with STAT3 protein suggests binding of takinib at GIn®** and Tyr*®*’ residues in the
DNA binding domain. These may be essential for STAT3 activation and translocation to the nuclear compartment.

Conclusion: Our findings suggest STAT3 is an important target of takinib in the IL-1 signaling pathway, which may
further be utilized for therapeutic purposes.
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Background/Purpose: Malondialdehyde (MDA) is a highly reactive compound generated during lipid-peroxidation in
conditions associated with oxidative stress. MDA can irreversibly modify proteins (e.g. lysine, arginine and histidine
residues). In addition, acetaldehyde can further react with the MDA adducts to form malondialdehyde-acetaldehyde
(MAA) modification. Such protein modifications can lead to immunogenic neo-epitopes that are recognized by au-
toantibodies. In fact, anti-MDA/MAA IgG levels are increased in the serum of patients with autoimmune diseases,
such as rheumatoid arthritis (RA).

Very little is known about the pathogenic pathways induced by different types of autoantibodies in RA. Interestingly,
anti-MDA/MAA antibodies have been shown to promote osteoclast (OC) differentiation in cell culture, suggesting a
potential role for these antibodies in bone damage associated with RA. Here we elucidated the pathways specifically
triggered by anti-MDA/MAA autoantibodies in developing osteoclasts.

Methods: Recombinant human monoclonal anti-MDA/MAA antibodies, which were previously cloned from sin-
gle synovial B cells of RA patients, or control antibodies were added to different OC assays. OCs were generated
from monocyte-derived macrophages in the presence of RANK-L and M-CSF. OC development was monitored by
light microscopy following tartrate-resistant acid phosphatase (TRAP) staining and in erosion assays using calcium
phosphate-coated plates. Bone morphometrics were analyzed in anti-MDA/MAA-injected mice using X-ray micros-
copy. Cellular metabolism was analyzed by mass spectrometry, Seahorse XF Analyzer and a colorimetric L-Lactate
assay.

Results: Anti-MDA/MAA antibodies induced a robust OC differentiation in vitro and bone loss in vivo. The anti-MDA/
MAA antibodies acted on developing OCs by increasing glycolysis through an Fcy receptor I-mediated pathway and
the upregulation of the transcription factors HIF-1a and Myc. Such regulation of cellular metabolism was exclusively
observed in the presence of the osteoclastogenic anti-MDA/MAA antibodies, but not in the presence of other autoan-
tibodies (e.g. ACPA or other anti-MDA/MAA). The anti-MDA/MAA treatment induced a shift in the tricarboxylic acid
(TCA) cycle activity in developing OCs, increasing citrate production. Interestingly, osteoclast differentiation was in
general associated with the accumulation of citrate/aconitate in the cells, which suggested intense lipid biosynthesis.
Indeed, we detected a profound shift in cellular lipid compositions in developing OCs and we showed that phospho-
glyceride/triacylglyceride biosynthesis was essential for osteoclast development.
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Conclusion: We described a novel type of autoantibody-induced pathway in RA, which could contribute to increased
OC activation and a consequent bone loss. Our results showed that anti-MDA/MAA antibodies promoted osteoclast
development by increasing glycolysis and modulating the TCA cycle through a signaling pathway that included Fcy
receptor | and transcription factors acting on glycolysis. A TCA cycle bias towards citrate production suggested that
anti-MDA/MAA antibodies might stimulate osteoclastogenesis via increasing lipid biosynthesis.
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Background/Purpose: Inflammatory arthritides (IA) including rheumatoid arthritis are associated with increased car-
diovascular disease (CVD) mortality. Although inflammation-driven endothelial dysfunction is considered a major
factor, the mechanisms driving this risk are incompletely understood. Endothelial colony forming cells (ECFC) are
endothelial cells derived from peripheral blood. Due to their implied role in vessel repair, ECFC frequency in the
circulation has been proposed as a marker of vascular dysfunction. Furthermore, these patient-derived EC provide
an opportunity to study endothelial functions relevant to vascular injury in IA. In this ongoing study, we assessed
inflammation-driven endothelial dysfunction in IA by measuring ECFC frequency and phenotype in patients before
and after initiation of DMARD therapy.

Methods: ECFC were isolated from healthy controls (HC) (n=30) and patients with clinically active, IA naive to DMARDs
(n=37) (Table 1). In patients who commenced DMARDs (MTX+HCQ n=12, MTX, n=6), ECFC were isolated 4 months
post initiation (n=16). ECFC frequency was evaluated by colony count normalised to number of PBMC seeded. After
confirmation of endothelial purity by flow cytometry (CD317/CD144*/CD146°/CD45/CD14"), ECFC phenotype was
interrogated at passage 5 using proliferation and pro-inflammatory activation assays, and by transcriptional analysis
of 85 key endothelial genes (Qiagen gPCR arrays). Data is presented as median [IQR]. Non-parametric statistical
comparisons were made.

Results: ECFC frequency did not differ between treatment-naive IA patients and controls (0.59 [0.27-0.75] and 0.75
[0.28-1.35] colonies/10” PBMC respectively) and no correlation was observed between frequency and DAS28, ESR or
CRP. DMARD initiation led to a non-significant increase in ECFC frequency (1.49 [0.95-4.89] fold, p=0.083), but was
unrelated to treatment response (DAS28, ESR, CRP).
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Table 1. Basic Characteristics.

Figure 1. Gene expression Results. *P<0.05.

In comparison to HC, ECFC from treatment-naive IA patients tended to be less proliferative and had significantly
increased expression of CCL2, ICAM1, SELE, ITGAV and a non-significant increase in VCAM1 and IL1B suggesting
a primed pro-inflammatory state (Fig. 1). Treatment-naive ECFC were also more sensitive to pro-inflammatory acti-
vation (TNFa), expressing 3.7-13-fold higher mRNA levels of VCAM1 (p=0.0012), ICAM1 (p=0.0006) and E-selectin
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Figure 2. TNF stimulation. *P<0.05, **P<0.01, ***P<0.005.

(p=0.0041) with low dose TNFa stimulation. Of note, ECFC isolated after DMARD initiation demonstrated a reversal
in this primed state, as exhibited by a reduction in pro-inflammatory gene expression (Fig. 1) and normalisation of
TNFa sensitivity (Fig. 2).

Conclusion: Our data do not support an association between ECFC frequency and severity of inflammation or dis-
ease activity in IA. Increased ECFC frequency following DMARD initiation proved to be unrelated to inflammatory
changes and may reflect a direct action of the medications. Evaluation of ECFC phenotype demonstrated a pro-
inflammatory state that persisted despite ex vivo culture and which was reversed following DMARD initiation. These
findings have mechanistic implications for inflammatory-driven vascular dysfunction and further analysis may high-
light avenues for therapeutic targeting.

Disclosure: R. Maughan, None; M. Lang, None; A. Olsson, None; A. Porter, None; A. Greeves, None; T. Young-
stein, None; C. Pericleous, None; J. Mason, None.

Abstract Number: 0046

Psoriatic Arthritis Skin Is Transcriptionally Different to Psoriasis Skin
and Enriched in Immunoglobulin Transcripts

Hanna Johnsson', John Cole’, Stefan Siebert’, lain Mclnnes” and Gerard Graham', "University of Glasgow, Glasgow,
United Kingdom, “University of Glasgow, School of Medicine, Glasgow, Scotland, United Kingdom

SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: Spondyloarthritis Including PsA — Basic Science Poster (0046-0068)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Background/Purpose: Up to 30% of patients with psoriasis develop psoriatic arthritis (PsA). The traditional assump-
tion is that the skin disease is the same in both conditions, although a previous proteomic analysis found differenc-
es[1]. The aim of this project was to investigate and compare the skin transcriptome in PsA and psoriasis.

Methods: Full thickness skin biopsies were obtained from healthy controls (HC) and paired lesional and unin-
volved skin from patients with PsA. Libraries for bulk RNA sequencing were prepared from polyA selected RNA and
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sequenced on NovaSeq 6000. Sequencing data were analysed using Searchlight2. Read counts of HC, lesional and
uninvolved skin from patients with psoriasis without PsA obtained by Tsoi et al 2019 [2](GEO accession GSE121212)
were analysed using Searchlight2. Results from the two analyses were compared. Read counts of patients with PsA
from the Tsoi cohort were used for validation.

Results: The PsA cohort had 9 participants and the psoriasis cohort 16 participants in each group. The Tsoi PsA
cohort had 4 participants. Both PsA skin lesions (PsA L) and psoriasis skin lesions (PsO L) formed distinct popula-
tions in the respective principal component analysis plot. While the HC and PsA uninvolved skin (PsA U) populations
were mixed, the psoriasis uninvolved skin (PsO U) population was skewed from the HC population toward the PsO
L population. Consistent with this, there were 15 differentially expressed genes between the PsA U and HC groups,
and 124 differentially expressed genes between the PsO U and HC groups. All but one overlapped with genes differ-
entially expressed in PsO L versus HC and pathway analysis showed enrichment of pathways also enriched in PsO L.

In lesional skin, most enriched pathways were shared between PsA L and PsO L. However, PsA L skin was enriched
in immunoglobulin genes while PsO L skin was not. Increased expression of immunoglobulin genes was also seen in
PsA L skin in the Tsoi cohort.

Conclusion: This study found differences in the transcriptomes of psoriasis and PsA skin. PsA U skin is closer to
healthy skin than PsO U skin, which shares some transcriptomic changes with PsO L skin. Although PsA L and PsO
L skin share many inflammatory pathways, transcriptomic changes suggest differences in immunoglobulin pathways.

1. Cretu, D., et al., Clin Proteomics, 2015. 12(1): p. 1.

2. Tsoi, L.C., et al., J Invest Dermatol, 2019. 139(7): p. 1480-1489.
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Background/Purpose: Spondyloarthritis (SpA) is a group of inflammatory diseases that includes axial spondyloar-
thritis (axSpA) and psoriatic arthritis (PsA). AXSpA patients have irregular neutrophil responses, as indicated clinically
by neutrophilia, increased neutrophil to lymphocyte ratios, and aberrant neutrophil activation. However, the role of
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neutrophils in disease pathogenesis remains unknown. Here we employed an experimental model of SpA (SKG mice)
in tandem with SpA patient data to determine the role of neutrophils in SpA.

Methods: Arthritis was induced in SKG mice by intraperitoneal injection of 1.5mg -glucan (zymosan). Splenic CD4+
T cells were stimulated in vitro with PMA/ionomycin and the Th17 response was quantified by flow cytometry. Neu-
trophils were depleted in SKG mice with anti-Ly6G (1A8) or isotype control (2A3) beginning 24h prior to zymosan and
every 2d for 5d. For mouse studies, three independent experiments were performed (n=5-6 mice/genotype), and data
analyzed using non-parametric statistics. SpA patients with axSpA or PsA from the Program to Understand the Long
term Outcomes in Spondyloarthritis Registry (Pulsar) were included. Regression was used to assess for associations
of absolute neutrophil count (ANC) and neutrophil percentage, with measures of functional capacity determined using
the Bath Ankylosing Spondylitis Functional Index (BASFI) Test.

Results: We induced disease in neutrophil-sufficient or -deficient SKG mice. Five days post-zymosan (disease in-
duction), neutrophil-sufficient SKG mice developed autoreactive Th17 responses and arthritis; however, neutrophil-
deficient SKG mice had decreased Th17 responses and no signs of arthritis, indicating a role for neutrophils in in-
duction of arthritis. Conversely, 8 weeks post-zymosan neutrophil depletion resulted in worsened disease indicating
neutrophils play a protective role during established/chronic disease. In human subjects, both absolute neutrophil
count (ANC) (p=0.002) and neutrophil percentage (p=0.008) were associated with increased disease severity, as indi-
cated by BASFI scores. On average, for every increasing increment of 5,000 neutrophils/mm?®, disability status wors-
ened by approximately 15% (ABASFI of 1.5). These associations were also present in treatment-naive SpA subjects,
further supporting a role for neutrophils in SpA pathogenesis rather than an artifact of treatment. In corroboration with
SKG mice, treatment-naive SpA subjects within 5 years of diagnosis (earlier disease) had greater ANC than controls
(p < 0.001), whereas subjects with more established disease demonstrated lower ANCs.

Conclusion: Our data suggest neutrophils may play a role in initiation of pathogenic Th17 responses and disease in
Spa patients. Future studies aimed at understanding how dysregulation of neutrophil numbers and function contrib-
utes to SpA will inform development of novel therapeutics.

Disclosure: H. Rosenzweig, None; E. Vance, None; R. sen, None; L. Caplan, None; R. Napier, None.
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Background/Purpose: Ankylosing spondylitis (AS) is a complex genetic disease with strong association to the hu-
man leukocyte antigen (HLA)-B27. Several observations including frequent, occult histologic evidence for inflamma-
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tion, clinical overlap with Crohn’s disease, and microbial dysbiosis point to the gut as a potential primary cause of
spondyloarthritis. However, the role of HLA-B27 associated gut epithelial biology or host-microbe interaction is not
clear in spondyloarthritis pathogenesis. While immortalized cell-lines transfected with HLA-B27 can be studied, they
cannot mimic the complexity of the epithelial tissue. In addition, animal and cell line models cannot recapitulate the
interindividual variability of the human population. To counter these issues, we have developed human colonic orga-
noids and epithelial monolayers from colon biopsies of HLA-B27 positive and negative healthy individuals to study
the effect of HLA-B27 on host-microbe interactions and epithelial cell biology.

Methods: To generate colonic organoids, frozen biopsies from healthy individuals undergoing elective colonoscopies
were used. These biopsies were minced and the tissue digested on a shaker to release the crypts. The crypts were
washed and resuspended in undiluted Cultrex reduced-growth-factor basement membrane extract. The organoids
were expanded after ~1 week by mechanical disruption and splitting. After 2-5 passages, these organoids were fro-
zen during exponential growth phase for optimal recovery. To generate epithelial monolayers, organoids were washed
and mechanically disrupted and cells were plated over Matrigel matrix coated transwells to form monolayers.

Results: We have developed colonic organoids and epithelial monolayers from multiple HLA-B27 positive and neg-
ative individuals and are in the process of generating colonic organoids from AS patients. We have shown that orga-
noids maintain their stemness after being frozen, as confirmed by the presence of spheroids (early-stage organoids),
and their ability to differentiate into mature (lobular) organoids and epithelial monolayers. These organoids have been
characterized for the presence of goblet cells, and experiments using various proliferation markers to confirm reca-
pitulation of key aspects of in vivo sample are underway. Monolayers will be used to study HLA-B27 associated alter-
ation of epithelial cell biology. In addition, organoids/monolayers will be cultured with either microbial products (e.qg.,
lipopolysaccharide) or HLA-B27 associated microbes as determined in our previous studies, and the loss of barrier
function will be analyzed by global gene expression, tight-junction proteins, and production of antimicrobial peptides.

Conclusion: To our knowledge, we are amongst the first groups to use human colonic organoids to study the role of
intestinal epithelial cells in barrier function and host-microbe interaction in any rheumatic disease. Using organoids
developed from HLA-B27 positive AS patients and healthy individuals and HLA-B27 negative controls, we will be
able to functionally assay whether HLA-B27 is associated with altered barrier function and host-microbe interactions.

Disclosure: M. Rodriguez, None; A. Furst, None; J. Rosenbaum, AbbVie, 2, UCB, 2, Novartis, 2, Gilead, 2, Corvus,
2, Roivant, 2, Revolo, 2, Neoleukin, 2, Affibody, 2, Santen, 2, Celgene, 2, Bristol Myers, 2, Pfizer, 5, Horizon, 5, Up-
ToDate, 9; T. Gill, None.
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Background/Purpose: Mitogen-activated protein kinase-activated protein kinase-2 (MK2), a direct downstream tar-
get of p38, has been identified as a promising candidate for treatment of inflammatory diseases. Activation of the p38
pathway leads to increased production of pro-inflammatory cytokines via MK2-mediated increases in the stability
and translation of their mRNA (eg, TNF, IL-17, IL-6). Previously, p38 inhibitors were investigated for the treatment of
autoimmune diseases, but tachyphylaxis was observed with the lack of sustained inhibition of inflammation despite
continuous treatment."® MK2 inhibition is hypothesized to avoid the negative feedback network that may have lim-
ited p38 inhibitors. CC-99677 is a novel covalent MK2 inhibitor being developed for the treatment of inflammatory
diseases.

Methods: In the in vitro model of tachyphylaxis, CC-99677 and p38 inhibitors similarly decreased TNF production
at early time points. However, on day 9, loss of TNF inhibition was noted for all p38 inhibitors tested. In contrast, the
MK2 inhibitor, CC-99677, sustainably suppressed TNF production throughout the treatment period. MK2 inhibition
with CC-99677 resulted in reduced TNF and IL-17A/F production in in vitro-stimulated PBMCs from patients with
PsA. In the animal model of psoriasis and PsA, a new cumulative score based on paw swelling, ear thickness, skin
flaking, and joint severity score was devised: Psoriatic Arthritis Severity Index (PsASI). CC-99677 reduced the PsASI
score in a dose-dependent manner.

Results: In the in vitro model of tachyphylaxis, CC-99677 and p38 inhibitors similarly decreased TNF production at
early time points. However, on day 9, loss of TNF inhibition was noted for all p38 inhibitors tested. In contrast, the
MK2 inhibitor, CC-99677, sustainably suppressed TNF production throughout the treatment period. MK2 inhibition
with CC-99677 resulted in reduced TNF and IL-17A/F production in in vitro-stimulated PBMCs from patients with
PsA. In the animal model of psoriasis and PsA, a new cumulative score based on paw swelling, ear thickness, skin
flaking, and joint severity score was devised: Psoriatic Arthritis Severity Index (PsASI). CC-99677 reduced the PsASI
score in a dose-dependent manner.

Conclusion: CC-99677 is an MK2 inhibitor that exhibits sustained inhibition of TNF in vitro and effectively reduces
TNF production in stimulated immune cells from patients with PsA. In the in vivo MIP model of psoriasis and PsA,
MK2 inhibition was efficacious in reducing skin and joint inflammation, reflected in a dose-dependent reduction in
PsASI score. These data extend previous results demonstrating reduction in cytokine production in stimulated PB-
MCs from patients with AS and efficacy in the rat HLA-B27 transgenic model of AS.° Thus, our in vitro and in vivo data
support investigating CC-99677 in clinical studies planned in patients with spondyloarthritis.

References: 1. Genovese MC. Arthritis Rheum. 2009; 60:317-320. 2. Damjanov N, et al. Arthritis Rheum. 2009;60:1232-
1241. 3. Khmaladze |, et al. Proc Natl Acad Sci USA. 2014;111:E3669-E3678. 4. Ramirez-Valle F, et al. Proc Nat/ Acad
Sci USA. 2015;112:8046-8051. 5. Ramirez-Valle F, et al. 2019 ACR/ARP Annual Meeting [abstract 1536].
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Background/Purpose: Gender has been shown to impact disease expression in ankylosing spondylitis. Men with AS
are more likely to develop radiographic joint damage, while women have latter onset of disease, higher symptomatic
burden but slow progression of structural damage and impaired response to treatment. An important observation was
made in a recent study which showed that male patients with AS had a distinctive up-regulation of the Th17 signature,
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Figure 1. Dysregulated differential genes in AS male vs AS female.

while female patients with AS had Th17 cell profiles comparable with those of the healthy control subjects (1). We
propose that mMRNAs are differentially expressed in IL-17 producing cells between males and females with AS and dis-
parately regulate the genes in males and females and subsequently contribute to the difference in disease phenotype.

Methods: 10 female and 10 male subjects >18 years of age with AS based on NYCS, were enrolled. Patients were re-
cruited as per approved IRB protocol. Peripheral blood samples (30 ml) were obtained in the Clinical Research Unit of
MetroHealth Medical Center. The PBMCs obtained were stimulated with CytoStim for 4 h (Miltenyi Biotec GmbH, Ber-
gisch Gladbach, Germany). After stimulation, the cells were processed through the interleukin (IL)-17-phycoerythrin
(PE) cytokine secretion assay enrichment kit (Miltenyi Biotec). The IL-17 positive cells were counted and total RNA
was extracted as per Takara kit (Takara Biotech, Japan). Changes in mRNA expression were identified using next
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generation RNA-sequencing (RNA-seq). To proceed 500 ng of RNA from each sample was sent to Novogene for se-
quencing. Analysis of the data was done using Ipathway guide by Advaita Bioinformatics (ipathwayguide.advaitabio.
com). Genes were identified using a threshold of 0.05 for statistical significance (p-value) and a log fold change of
expression with absolute value of at least 0.6. These data were analyzed in the context of pathways obtained from
the KEGG database, miRNAs from the miRBase and TARGETSCAN databases, network of regulatory relations from
BioGRID, and diseases from the KEGG database.

Results: Patient demographics and disease activity and functional outcomes are reported in table 1. In this ex-
periment, 2,373 differentially expressed (DE) genes B were identified out of a total of 15,294 genes with measured
expression as in Fig 1. 613Gene Ontology (GO) terms, 40 miRNAs, 201 upstream regulators, and 14 diseases were
found to be significantly enriched before the correction for multiple comparisons. In summary, 15 pathways were
found to be significantly impacted.

Conclusion: The study revealed multiple cytokine genes were found to be dysregulated between men and women
with AS. The IL23R, IL12R, IL6R, JAK, STAT and TYK2 genes were downregulated in men compared to women while
S100A2, S100A4, S100A6, S100B, chemokine CCL-17 and PGE2 related genes were upregulated. These data need
to be confirmed by RTPCR and may provide clues for understanding the pathogenesis and phenotypic differences.

1.Gracey E, Yao Y, Green B, Qaiyum Z, Baglaenko Y, Lin A, Anton A, Ayearst R, Yip P, Inman RD. Sexual Dimorphism
in the Th17 Signature of Ankylosing Spondylitis. Arthritis Rheumatol. 2016 Mar;68(3):679-89. https://doi.org/10.1002/
art.39464. PMID: 26473967.
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Background/Purpose: Psoriatic arthritis (PsA) is an inflammatory arthritis that currently lacks diagnostic biomarkers.
We hypothesized that there are differences in the protein intensities in the synovial fluid (SF) of patients with osteo-
arthritis (OA), rheumatoid arthritis (RA) and PsA. We aimed to identify markers for PsA by proteomic analysis of knee
joint SF. Our objectives were to identify proteins and pathways differentially expressed between:

1. OA and the inflammatory arthritides (PsA and RA).
2. PsA and RA.
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Figure 1. Hierarchical clustering (a) and principal component analysis (b) distinguish OA from the inflammatory arthritides based on mass
spectrometry data of proteins with significant differential intensities in at least one of the three comparisons.

Methods: Mass spectrometry was used to identify the SF proteome from 10 OA, 10 PsA, and 10 RA patients. All pa-
tients satisfied the classification criteria for their disease. First, we used student’s t-test for differential intensity anal-
ysis (p-value < 0.05; fold change > 1.5) to identify potential protein biomarkers of each disease. Next, we performed
protein-protein interaction (PPIl) network and pathway enrichment analysis to obtain biological insights on systems
biology of these diseases.

Results: Aim 1: 4 proteins were present and 45 were absent in OA SF compared to PsA and RA. Among those
present in all conditions, we detected 56 and 66 proteins with differential intensities in OA compared to PsA and
RA, respectively. Hierarchical clustering and principal component analysis confirmed the power of these proteins in
distinguishing OA from the inflammatory arthritides (Fig 1). In both comparisons, enriched pathways were involved in
inflammation and immune response. Additionally, PPI network analysis of both lists revealed connected subnetworks
of proteins with high fold change enriched in immune-system and extracellular matrix (Fig 2a,b). In both comparisons,
VIM showed the highest fold change and was central in connecting other high fold change proteins.
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Figure 2. Comparison between OA and the inflammatory arthritides a) OA vs RA b) OA vs PsA. To build the network, we first annotated
the physical PPI network (obtained from http://iid.ophid.utoronto.ca) with differential intensities. We expanded the list of differential proteins
by relaxing the thresholds for fold change and p-value. Instead, they must interact with at least another differential protein. Next, we selected
proteins whose PPl count (degree) and/or fold change was within the top 10th percentile of protein degrees and/or fold changes in each
network. Finally, we arranged all other proteins in a big circular layout around these selected proteins. Selected proteins with a high degree
form a densely connected network module in both comparisons. In addition, they maintain physical connectivity among proteins with high fold
change. PPIs within the proteins inside the large circular layout are shown in red. Networks are visualized in http://navigator.ophid.utoronto.ca/
navigatorwp.

Aim 2: 22 proteins with differential intensities between PsA and RA were identified. In addition to immune system
pathways, these proteins were enriched in cell metabolism pathways, such as glycolysis which has been previously
suggested to distinguish PsA and RA. PPI analysis identified three densely connected network modules (Fig 3a). All
upregulated proteins in PsA formed one dense module enriched in complement and clotting pathways (Fig 3b). We
identified one highly densely connected subnetwork enriched in transcription-related pathways (Fig 3c) which has
four interactions with one upregulated protein (VCAM1). All other proteins were downregulated and have many inter-
actions with the upregulated module. These proteins were highly enriched in glycolysis and glycogenesis, followed
by immune pathways (Fig 3d). Previous research has shown interplay between glycolysis and complement pathways.
Unlike in Aim 1, VIM shows small but statistically significant differences.

Conclusion: We have identified differential proteins and pathways between PsA, OA, and RA. VIM was a central
protein in connecting proteins with differential intensities between OA and the inflammatory arthritides. Additionally,
we identified three large network modules enriched in complement, transcription, and glycolysis pathways that may
distinguish PsA from RA. Our results suggest disrupted interplay between complement and glycolysis pathways in
PsA vs RA.


http://iid.ophid.utoronto.ca
http://navigator.ophid.utoronto.ca/navigatorwp
http://navigator.ophid.utoronto.ca/navigatorwp
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Figure 3. Network and pathway analysis of differential proteins between SF of PsA vs RA. a) To build the network, we first annotated the
physical PPI network with differential intensities. We expanded the list of differential proteins by relaxing the thresholds for fold change and p-
value. Instead, they must interact with at least another differential protein. Analysis of this network revealed three densely connected modules
involved in different pathway groups. Module 1: covers all of the upregulated proteins in PsA compared to RA (arranged in the smallest circular
subnetwork); module 2: consists of downregulated proteins with high intra-module connectivity (formed mainly by histone proteins); and module
3: includes all downregulated proteins not in module 2 (arranged on the large network circle). Most of these proteins have interactions with
at least one upregulated protein (module 1). b) Key-terms in titles of pathways enriched in proteins of module 1 shows strong enrichment in
complement pathways. c) Module 2 is enriched in pathways related to transcription. Polymerase, RNA, and Promoter are three major keywords
in the titles of these pathways. This module was also connected to only one upregulated protein in the whole network - VCAM1. d) Proteins
in module 3 are enriched in glycolysis and gluconeogenesis. Most proteins in module 3 have PPIs with proteins in module 1 that suggest
differential interplay between complement and glycolysis pathways in PsA vs RA. Pathway and key-term analysis are done by http://ophid.utoro
nto.ca/pathDIP/ and word-clouds are made by http://www.edwordle.net.
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Background/Purpose: Axial spondyloarthritis (AXSpA) is immune-mediated inflammatory arthritis, which affects the
sacroiliac and spinal joints, and is associated with gut inflammation. Disease pathogenesis is associated with host
genetics (HLA-B27), environmental factors, and gut microbial dysbiosis. Previous studies have shown HLA-B27-
associated microbial dysbiosis in ankylosing spondylitis patients as well in experimental models of spondyloarthritis.
However, not all microbial changes might drive the chronic inflammatory response or elicit host IgA responses. Here,
we report the presence of specific IgA-coated microbes that may be disease contributors in AXSpA patients.

Methods: Microbial community structure and IgA coating from feces and saliva samples from AxSpA patients (n=17)
and healthy controls (n=12-14) were determined by 16S rRNA sequencing (16S sequencing) and IgA sequencing
(IgA-SEQ) respectively. IgA-SEQ involves sorting IgA-coated microbes using flow cytometry and performing 16S se-
quencing on the IgA positive and negative fractions. Correlation analyses were performed to determine the disease
association between IgA-coated microbes in AXSpA patients and the disease activity score. Furthermore, metagen-
omic contribution of IgA positive and negative microbes was estimated by using the bioinformatic tool PICRUSt2

Results: 16S sequencing of oral and fecal microbiota showed distinct microbial community composition in AxSpA
patients as compared with the healthy controls. AxSpA patients showed a significant decrease in oral microbial diver-
sity, whereas the decrease in fecal microbial diversity was not significant. However, the lack of microbial differences
in diversity in fecal samples did not suggest a lack of immunological impact of the gut microbes. AxSpA patients had
many microbes at a genus level with increased IgA coating (e.g., Akkermansia, Klebsiella, Ruminococcus, Lachno-
spira, Pseudomonas) in comparison with the healthy controls. Despite significant changes in microbial diversity in
the saliva of AxSpA patients, only a few microbes such as Prevotellaceae, NK3831 group, and Alloprevotella were
enriched in IgA coating. We also found a positive correlation between IgA-coated Clostridium Family XlIl and the dis-
ease activity. Predictive metagenomic analysis of IgA coated microbes showed perturbation of pathways belonging
to propanoate and glutathione metabolism, biosynthesis of secondary metabolites, and bacterial secretion system
in AXSpA patients. Analysis of individual genes showed the alterations of the genes belonging to the tryptophan and
butanoate pathways, further emphasizing the importance of IgA coating in targeting immune responsive bacteria.

Conclusion: We show that the immune response to oral and fecal microbes is altered in AXSpA patients, with IgA
coated Clostridium positively correlating with disease activity. Predictive metagenome analysis revealed perturba-
tions of metabolic and oxidative stress-related pathways in AxSpA patients. Taken together, our results suggest that
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HLA-B27-associated increase in IgA coated microbes may indicate an aberrant immune response to gut commensal
microbes, which may contribute to the development of AXSpA.
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Background/Purpose: Psoriatic arthritis (PsA) is an inflammatory musculoskeletal disease that affects 30% of pa-
tients with psoriasis. Thus, early diagnosis of this subgroup is crucial to reduce disease progression and prevent joint
destruction. GWAS and epigenome studies have identified major susceptibility genes albeit having low odds ratios.
Single cell RNA-seq provides increased resolution to identify novel cell types and cell-specific differential gene ex-
pression. We aim to identify a set of genes that can lead to an earlier diagnosis of PsA.

Methods: Three PsA patients, three cutaneous psoriasis (PsC) patients and two healthy control samples were pro-
filed with 10X genomics single cell RNA-seq. The patients recruited were recently diagnosed with PsA and were not
treated with biologics. The gene profiles of peripheral blood mononuclear cells (PBMC) were selected for sequencing.
The raw data were processed using the CELLRANGER pipeline. R version 4.0.1 was used for secondary analysis
using the following packages: SingleCellExperiment, scran, scater and Seurat. These packages were used to cluster
the cells and perform differential gene expression analysis. Cell clusters were manually annotated based on canonical
markers generated from the ‘findallmarkers’ function in Seurat and differentially expressed genes were selected in
each cluster. A ranking was assigned to genes in each cluster to identify suitable targets for validation by considering
the results of the differential gene expression analysis, network analysis using the Integrated Interactions Database
version 2018-11, GO and pathway over-representation analysis which was conducted using Pathdip 4.0. A score was
assigned to every gene based on their log fold change difference, adjusted p-value in the differential gene expression
analysis, closeness centrality and connectivity in the protein interaction network.

Results: The aggregated data revealed the presence of 18 clusters with 15 unique cell types. In the T-Cell and Clas-
sical Monocyte populations pathways related to inflammation, cell migration and apoptosis were enriched. Genes
belonging to the AP-1 transcription factor JUN, JUNB, and FOS were ranked highly across both T-Cell and Monocyte
clusters. Interestingly, the classical monocyte population included several highly ranked genes that are responsive
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to interferon-alpha: MNDA and IFI6. The genes that are listed above were found to be consistently differentially ex-
pressed across healthy controls and either PSA or PsC.

Conclusion: Several genes were identified in specific cell types; these will be validated using multiple gene and
protein assays.
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Background/Purpose: CD8" and CD4" T cell subsets have been implicated in the pathogenesis of psoriatic disease.
Here, we explore the T-cell repertoire in psoriatic disease using single-cell RNA sequencing to identify novel suscep-
tibility markers of disease by focusing on T cells with clonal expansion.

Methods: We profiled frozen peripheral blood mononuclear cells derived from 3 psoriasis, 3 psoriatic arthritis (biolog-
ic naive, matched for age, gender and disease duration) and 2 healthy control samples using 10X genomics 5’ single
cell gene expression technology. TCR immune cell profiling was employed, and sequencing data was processed us-
ing the CELLRANGER pipeline. We identified 4579 TCRs in psoriasis, 3323 in psoriatic arthritis, and 1843 in healthy
control samples. Secondary analysis of TCR beta and alpha chains was conducted in R version 4.0.1 using scran,
scater, SingleCellExperiment, Seurat, sScREPERTOIRE and Immunarch. The online tool GLIPH2.0 was used to cluster
the TCR beta CDR3 amino acid sequences based on motif similarity and VDJdb was used to predict antigen specific-
ity. VDJ gene differential expression analysis was conducted across multiple groups using the Dunn.test function in R.

Results: The shared motifs from the clustering results from GLIPH2.0 comprising only psoriatic arthritis and/or psori-
asis patients had a predicted antigen specificity for Cytomegalovirus (CMV) proteins Immediate-Early1 (IE1) or pp65.
The variable beta chain genes TRBV2 (FC= 0.14, p-value= 0.033), TRBV7-2(FC=1.49, p-value= 0.0098), TRBV7-
7(FC=1.00, p-value= 0.018) and TRBV6-3 (FC= 1.17, p-value=0.033) were elevated and significantly differentially
expressed in psoriatic arthritis patients when compared to psoriasis patients. A clonal expansion of CD8" cytotoxic
T-cells was observed in a psoriatic arthritis patient. It accounted for approximately 7% of all clonotypes for that indi-
vidual. The predicted antigen was IE1 from CMV.

Conclusion: Antigen selection may be occurring in psoriatic arthritis patients. Further investigation is required to
determine if the predicted antigens pp65 and IE1 are relevant in the pathogenesis of psoriatic arthritis.
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Background/Purpose: Intestinal inflammation (I-Inf) and increased intestinal permeability (IP) and intestinal damage
(ID) have been observed in patients with spondyloarthritis (SpA). However, whether these changes might be causal or
are the consequence of SpA is unknown. To answer this question, the present study investigated the time-course of
I-Inf and IP in a rat model of reactive arthritis, a subgroup of SpA, the adjuvant-induced arthritis model.

Methods: Adjuvant-induced arthritis (AIA) was induced in 6-week-old male Lewis rats by injection at the base of
the tail of Mycobacterium butyricum in incomplete Freund’s adjuvant (Day 0). Control rats received saline. I-Inf and
IP were studied at 3 phases of arthritis: pre-arthritic phase (Day 4, AlA-preclinical), onset of arthritis (Day 11, AlA-
onset) and acute inflammatory phase (Day 28, AlA-acute). IP was assessed by measuring plasma levels of zonulin
(ELISA) and ileal mRNA expression of zonulin and occludin (RT-gPCR). lleal inflammation was assessed by TCD4+
and TCD8+ lymphocyte count from rat ileum (immunohistochemistry) and by measuring ileal mMRNA expression of
IL-8, IL-33, IL-17, IL-23p19 and TNF-a (RT-gPCR). The integrity of the intestinal barrier was evaluated by measuring
plasma levels of intestinal fatty acid binding protein (iIFABP) by ELISA. Joint damage was assessed by determination
of an arthritis score (Sa) and of a radiographic score (Sr) of hind paws.

Results: AlA induced arthritis symptoms beginning at day 11, leading to a severe clinical and radiographic arthritic
disease at day 28 (Sa=3.9+1.0; Sr=23.8+8.1). Compared to control rats, plasma levels of zonulin increased at pre-
clinical phase, at onset but not at the acute phase. While ileal zonulin mRNA expression was enhanced at the onset
phase, no change in occludin mRNA expression was observed. Plasma levels of iFABP levels were increased in AlA
rats at all stages of arthritis course. Regarding inflammation, preclinical phase was characterized by increased mRNA
expression of IL-8, IL-33 and IL-17. At the onset phase, TNF-a, IL-23p19 and IL-8 mRNA expression were increased.
No changes in cytokines mRNA expression were observed at the acute phase. Consistent with these findings, in-
creased TCD4+ and TCD8+ number was measured in AlA ileum as compared to controls at Day 4 and Day D11. No
correlation was found between clinical and radiographic arthritis scores and zonulin levels. A negative correlation was
observed between intestinal IL-8 mRNA expression and Sa. A positive correlation was observed between Sa and the
CD4 lymphocyte count.

Conclusion: Intestinal changes associated to reactive arthritis occurred prior the development of articular symp-
toms. These data are in favour of the “causative” hypothesis of intestinal changes in SpA.
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Background/Purpose: Heterogeneity in immune cell populations among patients with psoriatic arthritis (PsA) may
determine disease expression and treatment response. The objective of this study was to compare peripheral blood
immune cell profiles in patients with PsA (before- and after- advanced therapy) and healthy controls using mass cy-
tometry.

Methods: Patients with PsA who were initiating treatment with advanced therapies for active peripheral musculoskel-
etal disease were recruited along with healthy controls. We performed mass cytometry (CyTOF) using a panel of 30
metal-tagged antibodies (Maxpar Direct, Fluidigm) to characterize over 37 immune cell populations in whole blood
from patients (before- and 3 months after therapy) and controls. The frequencies of the different immune cells pop-
ulations were automatically quantified for each sample based on combinations of their associated canonical cellular
markers using Probability State Modelling algorithms in a commercially available automated analysis system (Max-
parPathsetter, Fluidigm). The levels (counts per 100 cells) of the different cell populations were compared between
PsA patients vs. controls and among patients with PsA (before- and after- therapy) using Mann-Whitney U test and
cluster analysis was performed using differential cell population levels.

Results: A total of 37 samples from 12 patients with PsA (14 treatment periods) and 9 controls were analyzed. In
general, large variability was found in the different cell populations across patients with PsA, while the levels were
more homogenous across the controls (Figure 1). Most variability was found in the lymphocytic cells populations, in
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Figure 1. Distribution of the different immune cell populations in PsA and controls.

Figure 2. Clustering of PsA (before and after therapy) and controls of differential cell population levels.
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Figure 3. Differences in T cell sub-populations between PsA (before and after therapy) and controls™.

particular among the T cell sub-populations, thus the analysis was restricted to lymphocytic cells. We found signifi-
cant differences in T cell sub-populations between PsA and controls (Figures 2). Patients with PsA had higher levels
of CD4+ Terminal effector and CD4+ Effector memory T cells, CD4+ Th1 cells and CD4+ regulatory T cells, while high-
er levels of CD8+ and CD4+ Naive T cells and gamma-delta T cells were found in controls (Figure 3). No significant
differences were found in lymphocytic cell populations before and after advanced therapy. In addition, no significant
differences were found in the levels of the following cell types and their sub populations between PsA vs. controls
and among PsA patients before and after treatment: B cells, NK cells, granulocytes, monocytes and dendritic cells.

Conclusion: Considerable variability was found in T cell sub-populations among patients with PsA. Differences in
the levels of specific T cell populations with a shift towards terminal and memory T cells as well as Th1 axis was seen
in patients with PsA compared to control. Whether immune cell profile predict response to advanced therapy in PsA
remains to be examined.

Disclosure: L. Eder, Pfizer, 1, 5, UCB, 5, Abbvie, 1, 5, Novartis, 2, Eli Lily, 1, 5, Fluidigm, 5, 12, Family member - em-
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Background/Purpose: The response to treatment in spondylarthropaties is heterogeneous, due to factors yet to
be better described. For that reason, it is important to find tools that might help clinicians to decide what is the best
available therapeutic option for each patient.

The goal of this study is to use comprehensive molecular profiling to characterize clinical response to therapy in a
real-world setting. Specifically, to identify molecular biomarkers differentiating good responders and non-responders
to TNF inhibitors (TNFi) treatment, using adalimumab, in radiographic axial spondyloarthritis | ankylosing spondylitis
(r-axSpA|AS) patients context.

Methods: Whole-blood mRNA and plasma proteins were measured in a cohort of biologic naive r-axSpA|AS patients
(n = 35) from the Bioefficacy study (Biomarkers identification of anti-TNF alpha agent efficacy in AS patients using
RNA sequencing and mass spectrometry), pre and post (14 weeks) TNFi treatment using adalimumab. Response to
treatment was categorized according to ASAS20. Results of differential expression analysis were used to identify the
most enriched pathways and in predictive models to distinguish responses to TNFi.

Results: A treatment-related signature, independent of the type of response, suggests a reduction in inflammatory
disease activity. We found genes and proteins robustly differentially expressed between baseline and week 14 in
responders, including the GWAS AS-associated genes TNFRSF1A, FCGR2A, TYK2, TBKBP1, IL1R1, IL6R, ICOSLG,
IL7R, HHAT and LTBR. Moreover, CRP and HP proteins showed strong and early decrease in the plasma of AS pa-
tients, while a cluster of apolipoproteins (APO1, APO2, APO3) showed an increased expression at week 14. Good
responders to TNFi treatment tend to have higher expression of innate immunity genes at baseline, and lower ex-
pression of markers associated with adaptive immunity, particularly B-cells. A logistic regression model incorporating
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ASDAS-CRP, gender and Gene x, the top differentially expressed gene at baseline between responders and non-
responders, enabled an accurate prediction of response to adalimumab in our cohort (AUC=0.97).

Conclusion: Differences in disease activity and/or innate/adaptive immune cell type composition at baseline may
be a major contributor to response to adalimumab in r-axSpAJAS. Alternatively, a model including clinical and gene
expression variables could be considered, particularly in patients with mild disease activity.
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Background/Purpose: The intestine is no longer considered as an organ targeted by spondyloarthritis (SpA) but
also an actor of the disease alongside environmental and immunological phenomena. In patients with SpA, increased
intestinal permeability (IP) and bacterial translocation (BT) has been described. Whereas anti-inflammatory drugs
(non- steroidal anti-inflammatory drugs, NSAIDs, or glucocorticoids, GCs) are known to induce deleterious intestinal
changes in the general population, their effects in case of arthritis have been poorly studied. This aim of this study
was to determine the effect of NSAIDs and GC on bacterial translocation and intestinal integrity in rats with adjuvant-
induced arthritis (AlA).

Methods: AIA was induced in 6-week-old male Lewis rats by injection at the base of the tail of Mycobacterium butyri-
cum in incomplete Freund’s adjuvant. At first signs of arthritis, rats were treated daily with naproxen (10 mg/kg/day,
i.p.), diclofenac (5mg/kg twice daily, i.p.), celecoxib (3 mg/kg/day, i.p.), prednisolone (10 mg/kg/day, i.p.) or vehicle
(saline). After 21 days of treatment, intestinal damage was assessed by measure of plasma levels of intestinal Fatty
Acid Binding Protein (iFABP, ELISA) and bacterial translocation by measure of serum levels of soluble CD14 (sCD14,
ELISA). Joint damage was assessed by the determination of an arthritis score (Sa).

Results: Compared to vehicle, all treatments reduced arthritis score in AlA rats (p< 0.05). Compared to AlA-vehicle,
treatment with prednisolone and naproxen significantly decreased both circulating iFABP and sCD14 levels. Celecox-
ib decreased sCD14 but had no effect on iFABP levels. Diclofenac changed neither sCD14 nor iFABP levels.

Conclusion: This study demonstrated that NSAIDs and GC induced changes in intestinal damage and bacterial
translocation in arthritis. Contrary to what is observed in healthy population, none anti-inflammatory drug enhanced
intestinal damage or bacterial translocation but on the contrary, prednisolone and naproxen decreased these two
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parameters. Of interest, our data showed that the effect of NSAIDs is not a class-effect but depends on the balance
of cyclooxygenase 1/2 inhibition.

Disclosure: S. Hecquet, None; P. Totoson, None; M. Tournier, None; C. Prati, None; D. Wendling, None; C. De-
mougeot, None; F. Verhoeven, None.
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Background/Purpose: Cross talk between different cell types, such as T cell subsets and other immune cell popula-
tions, is important in psoriatic disease. Imaging Mass Cytometry (IMC) is a novel technology that enables comprehen-
sive analysis of cellular phenotypes and their interrelationships at the tissue level. We performed a multi-parameter

Figure 1. Staining of selected cellular markers using imaging mass cytometry in skin psoriasis (1A) and PsA synovial tissue (1B). Red=Collagen,
blue=DNA and green=selected marker. (1C). H&E staining of the same synovial section.
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Figure 2. Immune and non-immune cells in skin and synovial tissue in patients with psoriasis and PsA. 2A t-SNE plot of all cell types in
psoriasis skin; 2B Distribution of cell population counts in psoriasis skin samples; 2C Proportion of the various cell population types in psoriasis
skin samples; 2D t-SNE plot of all cell types in PsA synovium; 2E Distribution of cell population counts in PsA synovium samples; 2F Proportion
of the various cell population types in PsA synovial samples.

characterization of various immune cell populations and assessed their spatial interactions in skin and synovial tissue
samples from patients with psoriatic disease.

Methods: A total of 6 skin and 7 synovial formalin-fixed, paraffin embedded samples from patients with plaque psori-
asis and psoriatic arthritis (PsA), respectively, were analyzed. Additionally, 1 synovial sample from a gout patients and
a skin sample from a control patient were analyzed. We used a panel of 36 of metal-tagged antibodies to stain dif-
ferent cell populations. IMC was performed using the Hyperion Imaging System (Fluidigm). Tissue of 5-um thickness
was ablated with Nd:YAG 213 mm laser and analyzed in a Fluidigm CyTOF mass cytometer. Images were analyzed
using MCD Viewer. Data were converted to TIFF format and segmented into single cells using previously developed
methods. Individual cells were segmented using a combination of in-house program and CellProfiler to classify pixels
on the basis of a combination of antibody stains to identify membranes and nuclei. The maps were then segmented
into single-cell object masks using CellProfiler. Cell were classified into cell categories based on pre-specified mark-
ers (epithelial, vascular, stromal, myeloid and lymphoid) and further classified into immune cells types (T cell, mac-
rophage, B cell, neutrophils, plasma cells). Single-cell marker expressions were summarized by mean pixel values
for each channel. To visualize the number of cells per image the cell counts were normalized by the image area (total
number of pixels) and displayed as cell density.

Results: Markers identifying stromal and immune cell types performed well and correlated with the expected loca-
tion and morphological features of the various cell types (Figure 1). Among all cell types in the skin and synovium,
lymphoid cells accounted for the most prevalent cell type followed by myeloid cells (Figure 2A-2B). Large degree of
inter-patient heterogeneity was found in the prevalence of the various immune cell population across the different
skin and synovial samples (Figure 3A-3B). T cells accounted for the largest immune cell type in both skin and synovial
samples followed by macrophages and lower counts of neutrophils, B cells and plasma cells. Neighborhood analysis
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Figure 3. Immune cells in skin and synovial tissue in patients with psoriasis and PsA. 3A t-SNE plot of immune types in psoriasis skin; 3B
Distribution of immune cell population counts in psoriasis skin samples; 3C Proportion of various immune cell population types in psoriasis skin
samples; 3D t-SNE plot of all cell types in PsA synovium; 3E Distribution of cell population counts in PsA synovium samples; 3F Proportion of
the various cell population types in PsA synovial samples.

showed high correlation between CD20+, CD3+, CD4+ and CD8+ in the synovial tissue, which suggest close physical
proximity and cross-talk between these T cell subsets and B cells in the synovium.

Conclusion: Innate and adaptive immune cells can be reliably identified using IMC in skin and synovial tissue. Cross
talk between T cell subsets and innate immune cells in the skin and synovial tissue plays a role in psoriatic disease.
IMC technology provides opportunities for exploring the underlying mechanisms driving psoriasis and PsA.

Disclosure: L. Eder, Pfizer, 1, 5, UCB, 5, Abbvie, 1, 5, Novartis, 2, Eli Lily, 1, 5, Fluidigm, 5, 12, Family member - em-
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Background/Purpose: Oxylipins are bioactive lipids derived from polyunsaturated fatty acids (PUFAs) that modu-
late inflammation. Oxylipins derived from n-6 PUFA precursors, such as arachidonic acid (AA), linoleic acid (LA), and
dihomo-ylinolinic acid (DGLA), are known for their proinflammatory effects. Oxylipins, derived from the n-3 PUFA
precursors such as decosahexanoic acid (DHA), eicosapentanoic acid (EPA), and a-linoleic acid (ALA), have inflam-
mation resolving properties. Several studies have suggested that these mediators in plasma might be biomarkers
of synovial pathology. The goal of this study is to evaluate the expression of oxylipins in synovial biopsies obtained
from patients with rheumatoid arthritis (RA) and psoriatic arthritis (PsA), and correlate oxylipin levels between synovial
tissue and plasma.

Methods: Thirteen patients with established RA and 11 patients with established PsA with active disease in at least
one knee or one wrist were recruited, and synovial tissue (ST) was collected by either arthroscopy or ultrasound-
guided synovial biopsy. 9 patients with RA and 8 patients with PsA had blood collected at the time of the procedure.
Oxylipins in plasma and ST were determined by liquid chromatography with tandem mass spectrometry (LC-MS-MS)
and were classified into groups according to their precursor: AA, LA, ALA, DHA, EPA and DGLA. The levels of ox-
ylipins are expressed in pmoles/ml. Data were analyzed using SPSS v27.0 Results were considered significant if the
2-sided P value was less than 0.05.

Results: We included a total of 24 ST and 17 plasma samples. A total of seventy-five oxylipins where identified in
ST but only 39 were identified in plasma (Figure 1). While most of the proinflammatory AA-derived oxylipins were
detected in both synovial tissue and plasma, several of the anti-inflammatory EPA- DHA- and LA-derived oxylipins

Figure 1. Oxylipins expressed in synovial tissue (n=24). Proinflammatory oxylipins are marked in red and oxylipins associated with resolution
of inflammation are marked in blue. In italic, key enzymes involved in oxylipin metabolism. Only 39 oxylipins (in yellow box) were also found in
plasma (n=17).
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Figure 2. Pearson correlation of oxylipins between synovial tissue and plasma (n=17). Proinflammatory oxylipins are marked in red and
oxylipins associated with resolution of inflammation are marked in blue. In italic, key enzymes involved in oxylipin metabolism. Oxylipins with a
statistically significant Pearson correlation between ST and plasma are highlighted with a green box.

Figure 3. Oxylipin profile in ST from RA and PsA patients. Proinflammatory oxylipins are marked in red and oxylipins associated with resolution
of inflammation are marked in blue. In italic, key enzymes involved in oxylipin metabolism. Oxylipins, whose level were higher in RA than PsA are
highlighted with a yellow box, whereas the ones whose levels are higher in PsA than RA are highlighted with a blue box.
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were only detected in ST (Figure 1). Only levels of 11-HETE, 5-HETE, 15-HETE, 9,10-DiHOME and 16-HDoHE had a
statistically significant positive correlation between plasma and ST (Figure 2). In addition, while several oxylipins were
different in ST between RA and PsA patients (Figure 3) only the levels of 9-HOTrE and 5,15-diHETE were different
between both diseases in plasma.

Conclusion: Lipidomic profiling detected almost twice the number of oxylipin species in synovial tissue as compared
with plasma. More importantly, levels of only a few oxylipins correlated between plasma and synovial tissue. This
work suggests that lipidomic profiling in synovial tissue can more accurately identify biomarkers than in plasma. Fur-
ther studies with early, non-treated arthritis patients are needed to determine whether lipidomic profiling of synovial
tissue can identify new therapeutic targets in inflammatory arthritis.

Disclosure: A. Singh, Novartis, 5, Pfizer, 5; J. Murillo Saich, None; R. Coras, None; J. Ramirez, None; E. Chang,
None; R. Celis, None; A. Armando, None; O. Quehenberger, None; A. Kavanaugh, AbbVie, 5, 12, Expert advice,
Amgen, 5, 12, Expert advice, Bristol Myers Squibb, 5, 12, Expert advice, Janssen, 5, 12, Expert advice, Pfizer, 5, 12,
Expert advice, UCB, 5, 12, Expert advice, AstraZeneca, 5, 12, Expert advice, Celgene, 5, 12, Expert advice, Roche,
5, 12, Expert advice, Novartis, 5; J. Cainete, Abbvie, 6, Pfizer, 6, Janssen, 6; M. Guma, novartis, 5, pfizer, 5, gilled,
5, genentech, 6.
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Background/Purpose: The skin is recognized as a window into the immunopathogenic mechanisms in the psoriatic
arthritis (PsA) joint. This is evidenced by the fact that skin disease precedes joint involvement in ~90% of PsA pa-
tients and by the greater degree of overlap between gene expression in the synovial tissue of PsA and lesional skin
in psoriasis (PsO) compared to synovium in other forms of inflammatory arthritis." Thus, the study of the psoriatic
skin transcriptome has the potential to yield revolutionary insights into the immunopathogenesis of PsA. Spatial tran-
scriptomics (ST) is a ground-breaking technology that allows for mRNA sequencing from histologically-intact tissue
sections, facilitating precise localization of the site of gene expression (Fig. 1). A platform for ST (Visium Spatial Gene
Expression Solution by 10X Genomics) has been made available; however, it remains to be optimized for human skin
tissue, which is inherently challenging to use in transcriptomic studies due in part to its preponderance of RNAses.**
To date, there are no published studies on ST in either healthy or psoriatic human skin. Through a multidisciplinary
collaboration, we have successfully optimized both healthy and psoriatic human skin tissue for use with ST.

Methods: Workflow

1. Skin biopsy
2. Cryopreservation
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Figure 1. Overview of spatial transcriptomics. The spatial transcriptomics platform utilizes a slide containing four capture areas, each
with 5000 molecularly barcoded, spatially encoded spots over which an intact fresh frozen tissue section is placed, stained, imaged, and
permeabilized. Permeabilization results in the release of MRNA transcripts from the tissue that are then captured by ~200 million oligonucleotide
capture probes. The unique spatial barcode allows the transcripts to be mapped to their exact location in the tissue section. Imaging and RNA
sequencing data are processed together, resulting in whole transcriptome gene expression mapped to the tissue image. Each generated spatial
cluster represents unbiased grouping based on gene expression and should ideally correlate with tissue topography. Gene expression in each
cluster can then be explored.

3. Sectioning and staining

. Confirmation of RNA integrity

. Optimization of permeabilization
. Sequencing

. Data analysis

~N O O &~

Results: To date, we have accrued samples from 3 controls, 4 PsA patients, and 6 PsO patients. All samples met the
platform’s quality control (QC) metrics for spots and mapping, with reads in spots under tissue >50% (range: 63.1 to
87.1) and reads mapped confidently to exonic regions >30% (range: 80.1 to 91.5). The expected biological variation
in transcriptional activity as evidenced by molecular counts (which correlate strongly with unique genes)” across dis-
ease states and tissue regions was observed, with gene expression strikingly greater in the cell-dense epidermis and
in appendageal structures than in the dermis and in psoriatic lesional skin compared to non-lesional and control skin
(Fig. 2A). To detect technical variation, two contiguous sections from the same control sample were run on separate
slides (Fig. 2B). Clustering and the Uniform Manifold Approximation and Projection (UMAP) plot architecture were
consistent between the two replicates. Importantly, accuracy of spatial localization of gene expression and biological
consistency of unbiased clustering was observed, with concordance of histopathologically annotated regions with
gene-expression based clustering (Fig. 3).

Conclusion: Successful optimization of both healthy and psoriatic human skin tissue for ST was achieved, with all
samples meeting the platform’s QC metrics. The expected biological variance in transcriptional activity across tissue
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Figure 2. Transcriptional activity and reproducibility of spatial transcriptomics in control (non-psoriatic) and psoriatic skin. A.) Molecular counts
mapped to each spot across disease states (psoriatic lesional, non-lesional, control) and tissue regions. Across all disease states, the epidermis
and appendageal structures (hair follicles, sebaceous glands) were found to be more transcriptionally active than the dermis, consistent with the
much higher cell density in these regions compared to the dermis, which consists mostly of collagen and elastic fibers and ground substance.
Lesional skin from PsO and PsA patients was strikingly more transcriptionally active than non-lesional skin and control skin, which is consistent
with epidermal hyperproliferation characteristic of psoriatic disease. B.) Determining reproducibility across runs. To detect technical variation,
two contiguous sections from the same control sun-exposed skin sample (center and right panel) were run on the ST platform on separate
slides. For comparison, results from a separate control sample are also shown (left panel). All three sections were computationally merged to
render the clusters comparable. Identical clusters (middle row) and largely similar overall UMAP plot architecture (bottom row) was noted, save
for an increase in the density of spots in the second run, which can be attributed to an increase in the volume of tissue overlying the spots. Of
note, cluster 8, which contains the hair follicle (encircled in red), does not appear in the control sun-protected sample, which is devoid of hair
follicles, and supports accuracy of spatial localization of gene expression.
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Figure 3. Concordance of histopathologic annotation with unbiased gene expression-based clustering. A.) H&E stained non-lesional skin
section with sebaceous gland manually annotated (encircled in red). B.) Unbiased clustering of spots by gene expression results in unique
segregation of sebaceous gland region (Cluster 4) (k means=4). C.) Heatmap of top globally differentially expressed genes (DEG) in the cluster
containing the sebaceous glands (Cluster 4). D.) Description of DEG in cluster containing the sebaceous glands. The vast majority are involved
in the metabolism of various lipids such as cholesterol, fatty acids, triglycerides which make up sebum, the production and secretion of which
is the primary function of sebaceous glands.

regions and disease states was noted, the quantity, quality, and location of reads was biologically consistent, and
there was no technical variation between samples. Thus, spatial profiling of gene expression in psoriatic skin through
spatial transcriptomics can be performed and has the potential to offer invaluable insights into the immunopathogen-
esis of psoriatic disease.

Disclosure: R. Castillo, None; I. Sidhu, None; D. Yan, None; P. Konieczny, None; R. Haberman, Janssen, 1; B.
Hsieh, None; A. Neimann, BMS, 12, Advisory Board, Celgene, 12, Advisory Board, Abbot, 11, Abbvie, 11, janssen,
11, Pfizer, 11; S. Naik, Seed Health, Inc, 1; J. Scher, Janssen, 2, 5, Novartis, 2, 5, Pfizer, 2, 5, AbbVie, 2, Sanofi, 2,
Kaleido, 2, UCB, 2.
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Background/Purpose: Deep profiling of gut microbiota may reveal new pathways of how SpA and its related diseas-
es such as Crohn’s disease (CD) and acute anterior uveitis (AAU) are initiated and perpetuated. The aim of our study
was to characterize a shared gut microbiota signature for SpA and its related diseases, as well as for each individual
disease, compared with individual controls.

Methods: Patients were recruited with a definite diagnosis of axial SpA, AAU or CD, and were compared with con-
trols (patients with back pain and previously ruled out SpA/CD/AAU diagnosis). Fecal samples were collected, and
microbiota composition was determined by 16S rRNA gene sequencing, followed by computational analysis using
the LotuS pipeline (v1.62) and referencing the taxonomic classification by the SILVA (v138), Greengenes (v13.5) and
HITdb (v1.0.0) databases. Nonparametric Wilcoxon tests were used to calculate differential abundances between bi-
nary groups, and the Spearman correlation was used with continuous covariates. Nested linear models and likelihood
ratio tests were used to assess confounding with respect to patient characteristics, HLA-B27 expression, inflamma-
tory markers, and the presence of other immune-mediated diseases.

Results: A total of 300 patients were recruited for the study: 111 axial SpA, 110 AAU, and 79 CD patients and were
compared with 63 control individuals. The average age was 39.1+12.3 years (mean+SD) and 53% were males. The
prevalence of HLA-B27 was 63.0% by all patients (87.4% in axial SpA, 77.3% in AAU and 8.9% in CD patients) com-
pared to 7.9% by control individuals.

At the phylum level, patients with axial SpA, AAU and CD were dominated by Firmicutes, followed by Bacteroide-
tes and Actinobacteria, except for CD patients who were richer in Proteobacteria than Actinobacteria. At the genus
level, patients displayed a shared gut microbiome signature differing from that of control individuals including en-
richments in Veillonella and Lactobacillus (that correlated with increased CRP) and a strong depletion of Blautia and
other Firmicutes such as Fusicatenibacter, Lachnospiraceae FCS020 and Roseburia. By looking at each separate
disease phenotype, CD patients differed significantly from the control individuals with respect to many genera. These
primarily consisted of depletions in Clostridiales (Roseburia, Coprococcus, Ruminococcaceae), and enrichments
of pathogen-harboring genera such as Escherichia-Shigella and Fusobacterium. Axial SpA patients were uniquely
enriched in Collinsella and depleted in Cupriavidus. HLA-B27+ individuals were enriched in several Firmicutes, most
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Figure 1. Taxa associations within and between the groups resulting from comparing each with the control group and accounting for disease
concomitance and patient characteristics (FDR < 0.05). AAU, anterior acute uveitis; CD, Crohn’s disease; SpA, spondyloarthritis.

notably Faecalibacterium, but also Rominococcaceae and Lachnospiraceae NK4A136. AAU patients shared many of
the same enrichments, including a significant increase in Coprococcus.

Conclusion: There is a robust shared taxonomic signature among related immune-mediated diseases, in addition to
individual disease phenotype signatures. Patients shared a strong depletion in Blautia and enrichment in Veillonella
and Lactobacillus. SpA patients were uniquely enriched in Collinsella.

Disclosure: V. Rios Rodriguez, None; M. Essex, None; J. Rademacher, None; F. Proft, Novartis, 1, 5, 6, Eli Lilly and
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Roche, 1, 6; U. L6éber, None; L. marko, None; U. Pleyer, AbbVie, 2, 6, Alcon, 6, Allergan, 2, 6, Dompég, 6, Novartis, 2,
6, Pfizer, 6, Santen, 2, 6, Shire, 6, Thea, 2, 6, Winzer, 6; B. Siegmund, AbbVie, 2, 6, Boehringer Ingelheim, 2, Celgene,
2, Dr. Falk Pharma GmbH, 2, 6, Janssen, 2, 6, Eli Lilly & Co., 2, Pfizer Inc., 2, Prometheus Laboratories Inc., 2, Take-
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Background/Purpose: In spondyloarthritis (SpA) Th17 cells play a critical role in activating the pathogenic chain
leading to manifestations related to skin, joints and entheses. Elevated levels of both Th17 cells and IL-17A have
been detected in skin lesions, blood, and synovial fluid from patients with psoriatic arthritis (PsA) and ankylosing

Extracellular matrix biomarkers quantified in supernatant from bovine cartilage explant model.
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spondylitis (AS). The important role of IL-17A in SpA manifestations is reflected by the suppression of disease activity
seen with IL-17A inhibitors in psoriasis, PsA and AS. However, it is still not well understood how IL-17A affects the
extracellular matrix (ECM) of the joint. The aim of this study is to establish a cartilage model co-cultured with condi-
tioned medium from Th17 cells to explore the effect of IL-17A on joint tissue remodeling.

Methods: CD4" T cells were isolated from healthy human buffy coat and differentiated into Th17 cells. After 5 days
of incubation conditioned medium from Th17 cells was harvested. The Th17 differentiation was confirmed by flow
cytometry. Cytokine concentrations were quantified in conditioned medium by ELISA. Bovine cartilage explants (BEX)
were cultured for 21 days with 7 different treatments; 1) Culture medium, 2) IL-17A [9.25 ng/mL], 3) IL-17A + TNF-a
[9.25 + 20 ng/mL], 4-10) 2-fold titration of Th17 supernatant from 1:2 to 1:16 [9.25 to 0.58 ng/mL]. Each group com-
prised of 6 replicates. The BEX supernatant-harvest and addition of new treatment were repeated 3 times a week.
Metabolic activity was measured by AlamarBlue. Neo-epitope biomarkers of type Il collagen formation (PRO-C2) and
degradation (T2CM, C2M), together with aggrecan degradation (AGNx1) were quantified in BEX supernatant by ELI-
SA. Differences between groups were compared by two-way RM ANOVA with Dunnett’s multiple comparisons test.

Results: The cytokine concentrations of IL-17A/F/AF, IL-22 and TNF-a were quantified to 18.57, 0.05, 2.82, 1.58 and
12.8 ng/mL. In the BEX model, the metabolic activity was stable throughout study. T2CM and C2M were significantly
upregulated in groups treated with Th17 conditioned medium at day 21 (Fig.1A-B), while PRO-C2 was downregulated
in all groups compared to untreated (Fig.1C). Furthermore, on day 21 the AGNx1 release was significantly increased
in all groups compared to untreated (Fig.1D).

Conclusion: The conditioned medium from Th17 cells showed to significantly increase the degradation of type Il col-
lagen and aggrecan, while type Il collagen formation was decreased. Translational ECM biomarkers combined with
ex vivo models can have great potential as output for describing joint disease mechanisms and predicting structural
effect of treatment on bone and cartilage. Thus, this model may provide early indications of structural treatment effi-
cacy in a clinical setting.

Disclosure: S. Groen, None; C. Thudium, Nordic Bioscience, 3, 11; M. Karsdal, Nordic Bioscience, 3, 4, 11; A. Bay-
Jensen, Nordic Biosciences, 3, 11; S. Nielsen, Nordic Bioscience, 3.
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Background/Purpose: Spondyloarthritis (SpA) encompasses Ankylosing Spondylitis (AS), Psoriatic Arthritis (PsA),
Inflammatory bowel disease- associated spondyloarthritis (IBD-SpA), Reactive Arthritis (ReA), and undifferentiated
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spondyloarthritis. These conditions share a number of extra musculoskeletal manifestations, the most common being
acute anterior uveitis.

To determine the frequency and characteristics of SpA associated uveitis, to elucidate associated clinical features of
SpA in patients with uveitis, and to identify SpA features that can predict flares of uveitis (UV).

Uveitis occurs more commonly in axial SpA (axSpA) than in PsA

Methods: Patients followed in the axSpA and PsA clinics at a single centre from January 2004 to December 2020 at
6-12-month intervals, according to a standard protocol including demographic and clinical variables, treatment and
acute phase reactants.

T and chi-squared tests were performed at baseline visits on demographic and clinical factors on both the SpA and
PsA populations, to compare patients with and without UV. Cox proportional-hazard models with time-dependent
covariates were performed on patients with UV, with their first instance of a UV flare as the outcome event. Univariate
analysis was done for each clinical and demographic factor, controlling for age, sex, and disease duration. Factors
significant (< 0.1) in the univariate analysis were included in a multivariate analysis, controlling for age, sex and dis-
ease duration.

Results: A total of 3306 patients were included, 1724 patients with axSpA and 1582 patients with PsA. 30.2% of the
axSpA cohort having uveitis (UV), vs 7.6% in the PsA. The rate of flares per person years at risk was 12.12% in the
axSpA cohort, vs 1.71% in the PsA.

Demographic and clinical features are depicted in Table 1. There were more men in the total cohort (axSpA 65% and
PsA 56%). More men with UV in the axSpA cohort (65% compared to 47 % in the PsA). Most patients were Caucasian
(axSpA 67%, 94% PsA)

Among axSpA patients 1169 (68%) were HLA*B27+, and 435 had UV. Among PsA patients 201 (16%) patients were
HLA*B27+, and 32 had UV.

The multivariate analysis of the axSpA cohort showed that higher CRP (HR 1.009 p=0.004) increased the risk of a
flare, while biologic agents decrease risk of flare (HR 0.702 p=0.040) in patients with UV. In the PsA cohort, being
HLA*B27+ (HR 3.084 p=0.007) increased the risk of a UV flare, while being on a DMARD decreased the risk of a flare
in patients with UV (HR 0.262 p=0.0088)

Conclusion: The results confirm the hypothesis that uveitis is more common in the axSpA than in the PsA population.
New onset of UVs was also more commonly seen in the axSpA cohort. Factors that increase the risk of new uveitis
flare were elevated ESR and CRP in the axSpA cohort and being a male or HLA-B27+ in the PsA population.

Disclosure: V. Ocampo, None; M. Sutton, None; S. Ramkissoon, None; A. Kaplan, None; N. Haroon, AbbVie, 2,
Amgen, 2, Eli Lilly, 2, Janssen, 2, MSD, 2, Novartis, 2, Pfizer, 2, UCB, 2; D. Gladman, AbbVie, 2, 5, Amgen, 2, 5, Eli
Lilly, 2, 5, Galapagos, 2, 5, Gilead, 2, 5, Janssen, 2, 5, Novartis, 2, 5, Pfizer, 2, 5, UCB, 2, 5, Celgene, 2, 5, Bristol
Myers Squibb, 2, 5.
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Background/Purpose: Recent studies have shown that microRNAs (miRNAs) play a role in various disorders, includ-
ing immune mediated inflammatory diseases. Therefore, we studied relationship between miRNA profiles, disease
activity and selected clinical manifestations of axial spondyloarthritis (axSpA).

Methods: We studied the whole miRNome in peripheral blood mononuclear cells (PBMC) of patients with non-
radiographic (n=38) and radiographic (n=38) axSpA. The miRNA expression was profiled by massive parallel se-
quencing. The expression of particular miRNAs was correlated with disease activity (ASDAS, BASDAI and CRP)
and selected clinical manifestations (e.g. uveitis). Sequencing data were analysed using DESeq2 algorithm, which
additionally assessed the relationship of miRNA expression with BASDAI or the presence of uveitis, and the rela-
tionship with ASDAS and CRP were analysed using generalized linear modelling with negative binomial assumption
(GLM-NB).

Results: Although DESeqg2 did not reveal associations between miRNA expression, BASDAI or uveitis; the expres-
sion of several miRNAs correlated with the levels of CRP (p < 0.05). The pairwise comparison of ASDAS levels by
Dunnett's test revealed that 14 miRNAs were significantly different in axSpA patients with high and very high disease
activity compared to patients with inactive disease. The pathway enrichment analysis by MIENTURNET revealed a
list of pathways, with emphasis on interleukin (e.g., IL-4, IL-6, IL-10), JAK-STAT and NOTCH signalling pathways, in
which dysregulated miRNAs are potentially involved. Additionally, the screening revealed that miR-1246 was differ-
ently expressed between radiographic and non-radiographic axSpA patients.

Conclusion: Our results revealed altered expression of several miRNAs in patients with high disease activity of ax-
SpA, which may affect their target genes associated with pathogenesis of the disease.

This work was supported by the project MHCR 023728 and AZV No. 17-33127A S.
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Background/Purpose: The mechanism by which HLA-B27 induces Ankylosing Spondylitis (AS) and related disease
is unknown, but a leading hypothesis is that it presents ‘arthritogenic epitopes’ to CD8 T-lymphocytes. Supporting
this hypothesis, we have previously demonstrated clonal expansions of CD8 TRB clones adhering to the CASSVG(V/
I/L)(Y/F)STDTQYF CDR3 motif in AS patients (PMID: 32162785), which have also been reported by 2 recent inde-
pendent studies in AS, as well as in samples from patients with bacterial-induced reactive arthritis (PMID: 10201900;
12472659; 28002888). The presence of those clones exclusively in HLA-B*27+ve disease points to a common anti-
gen engaged by receptors of similar structure. The aim of our study was to obtain the paired afTCR carried by these
cells, characterize their phenotype, and, furthermore, to determine whether such clones reside at the normal enthesis.

Methods: We used PBMCs of 2 AS donors screened in our previous study and flow-sorted memory CD8 T-
lymphocytes carrying the relevant TRBV genes (TRBV9 and TRBV27) to enrich for our low-frequency target pop-
ulation. Using single-cell RNA sequencing, the whole transcriptome and targeted VDJ sequences were obtained.
Healthy enthesal tissue (n=3) was obtained from patients undergoing elective spinal surgery and the peri-enthesal
bone (PEB) and the enthesis soft tissue (EST) were disaggregated by mechanical and enzymatic digestion. PEB and
EST single-cell suspensions were analyzed by flow cytometry.

Results: The analysis of the enriched memory CD8 T cells from AS patients captured 8 different clonal expansions
containing the same TRB consensus CDR3 sequence CASSVGL(Y/F)STDTQYF, and all carried the TRBV9 TCRB.
These clones all paired with the same TRAV gene and presented similar TRA-CDR3 sequences. These cells were
characterized by the expression of KLRB1, LGALS3, DUSP1, GNLY, ID2, FOS, and JUN whilst lacking HLA-II expres-
sion, a marker of activation. Higher expression of inflammatory genes was also observed, including the upregulation
of CD69, NFKBIA, TNFAIP3, and PDE4D, an AS-relevant therapeutic target. The analysis of the healthy enthesal
tissue confirmed the presence of TRBV9 carriers amongst the memory CD8 and CD4 T cell populations in both the
PEB and the EST.

Conclusion: This study confirms the identification of expanded CD8 clonotypes in AS patients, carrying highly con-
served TCRB CDRS3 sequences, and also demonstrates restriction of the clonotypic TCRA carriage to a single TRAV
gene in patients studied thus far. This is consistent with AS being driven by exposure to a common antigen presented
by HLA-B27 ie the ‘arthritogenic peptide’ theory of causation of AS. On-going analysis will determine whether the
AS-associated clonal expansions resemble the T cell clones that populate the healthy spinal enthesis PEB and EST.

Disclosure: J. Garrido-Mesa, None; N. Harvey, None; A. Hanson, None; T. Kenna, None; C. Wong, None; C.
Bridgewood, None; D. McGonagle, Novartis, 5, 6, Roche, 6, Sobi, 6; M. Brown, None.
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Background/Purpose: Susceptibility to ankylosing spondylitis (AS) is known to be highly influenced by genetic
factors, with heritability assessed in twins of >90%, with >115 genetic variants having been demonstrated to be
associated with the disease. Assignment of causality from association studies remains challenging, and for many
AS-associated loci the key gene and associated protein involved remain unclear. Using large-scale proteomic data-
sets and Mendelian randomisation approaches, potential disease-causative associations, where disease-associated

Figure 1. Summary of results obtained from pQTL MR analysis. The direction of regulation was determined from association beta estimates.
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genes operate through effects on protein levels to cause the disease concerned, can be investigated. We aimed to
identify possible plasma protein level and pathway level changes that may influence the development of AS.

Methods: For the selection of protein exposures, we used an established pipeline (Zheng J et al, 2020). Briefly, this
pipeline consisted of five plasma-based pQTL studies of European individuals, in which pQTLs of 1,064 proteins
were pooled and used as exposure instruments for MR analysis. We also included a sixth study from a subset of the
TwinsUK dataset (=184, 33 pQTLs) to increase the number of available pQTL exposure instruments in our analysis.
To determine AS outcome data for the MR analysis, we used a large-scale GWAS of Caucasian AS cases (n=11,352)
vs controls (n=35,446). We performed Mendelian randomisation (MR) using the ‘TwoSampleMR’ package in R v4.0.2
to estimate the putative causal effect of the 1,097 plasma proteins on AS incidence. To ascertain the biological effect
of the protein changes, we conducted over-representation analysis (ORA) using the GOBP function of the ‘cluster-
profiler’ package in R to determine pathway changes resulting from likely pQTLs.

Results: We identified 37 plasma proteins showed putative causal link with AS using MR (FDR< 0.05).

Of these, n=19 (45%) SNPs were likely to increase the effector protein, whereas n=23 (55%) were predicted to have a
limiting effect on protein expression. Upregulated proteins included ERAP1 (rs27033, rs17482078, rs469735), IL-23R
(rs11581607), IL-12B (rs4921484), and IL-1RL1 (rs10179654). Downregulated proteins included IL-27 (rs181209),
GSTMS (rs115929572), IL-5RA (rs77400868), IL-6R (rs4129267), and ERAP2 (rs17408150). The pQTLs corresponded
to immune based gene ontology terms such as ‘G0O:0032693 - negative regulation of IL-10 production’, ‘GO:0002697
- regulation of immune effector processes’, and ‘G0O:0051707 - response to other organism’.

Conclusion: The results obtained strengthen the hypothesis that immune proteins, particularly cytokines in the IL-23
pathway (including IL-12, IL-23 and IL-27) and their receptor (IL-23R), as well as novel pathways such as the IL-33
pathway, are inherently dysregulated in AS patients. In addition, the ‘response to other organism’ processes may
indicate a possible mechanism for gut dysbiosis in AS. These findings point to novel potential therapeutic targets in
AS, and support further research targeting proteins upstream of IL-23R for therapy or prevention of AS.

Disclosure: N. Harvey, None; Z. Li, None; J. Garrido-Mesa, None; J. Zheng, None; P. Wordsworth, None; J. Rev-
eille, UCB, 1, Eli Lilly, 1, Eli Lilly, 5, Novartis, 1; M. Falchi, None; N. Rossi, None; A. Visconti, None; D. Evans, None;
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Background/Purpose: There is strong evidence from animal models, human microbiome profiling studies, genetic
analyses, and from the model of reactive arthritis, that AS is caused by interaction of the gut mucosal immune sys-
tem with the gut microbiome. We and others have recently confirmed expansion of CD8 T-lymphocyte clonotypes,
in AS patients but not HLA-B27 matched healthy controls, that are also known to be expanded in bacterial-induced
reactive arthritis. As disturbance of the gut microbiome can potentially result from either effects of the microbiome
on disease or the converse, we sought to examine the causal impact of the gut microbiome on AS using Mendelian
randomisation (MR) methodology.

Methods: We utilised MR analysis to investigate potential causal associations between AS genetics and gut micro-
biome composition. To determine outcome instruments for MR analysis, we used a large-scale GWAS of Caucasian
AS cases (n=11,352) vs controls n=35,446). For the exposure instruments, we obtained publicly available data for
genomewide significant microbe QTLs as identified by Kurilshikov A et al, 2021 (PMID 33462485). Briefly, the study
performed GWAS on a meta-analysed population of European host gut microbiomes as determined by 16S riboso-
mal sequencing.

Results: We identified a significant protective (f=-0.96, FDR=0.011) causal relationship between presence of Rumi-
nococcus torques and AS through the rs35866622 variant, which tags the FUT2 gene determining secretor status,
the ability to secrete ABO blood group antigens and other fucosylated mucus glycans in the gastrointestinal mucosa.

Conclusion: Using MR analysis, we demonstrate that the bacterium Ruminococcus torques is associated with the
gene FUT2 to influence the risk of developing AS. The observed negative correlation is consistent with previous find-
ings demonstrating reduced carriage of this taxon in the stool microbiome of AS cases (PMID 31377126; 31662318),
and with similar Mendelian randomization study findings in inflammatory bowel disease (PMID 33462485). These
results support the hypothesis that AS is a gut microbiome driven disease and encourage the evaluation of novel
therapeutic approaches targeting the gut microbiome. Correcting the underlying dysbiosis as part of AS clinical
management could result in direct improvement for patients, and we hypothesize could be used as a preventative
treatment in individuals at high risk of the disease.

Disclosure: N. Harvey, None; J. Garrido-Mesa, None; Z. Li, None; D. Evans, None; P. Sternes, None; M. Brown,
None.
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Background/Purpose: APS ACTION “Registry” was created to study the natural course of disease over 10 years
in persistently antiphospholipid antibody (aPL)-positive patients with/without other systemic autoimmune diseases
(SAIDx). The objective of this study was to update the incident first and recurrent thrombosis risk in persistently
aPL-positive registry patients, previously reported in 2018 as 1.53% and 2.75%, respectively (Arthritis Rheuma-
t0l.2018;70[suppl 10]).

Methods: A web-based data capturing system is used to store patient demographics, history, and medications.
The inclusion criteria are positive aPL according to Updated Sapporo Classification Criteria tested within one year
prior to the enrollment. Patients are followed every 12+3m with clinical data and blood collection; they also receive
counseling on cardiovascular disease (CVD) and venous thromboembolism (VTE) prevention at each visit. In this pro-
spective analysis, based on patients who completed 1-8-year follow-up visits, we report the incident thrombosis risk
in persistently aPL-positive patients without and with a history of thrombosis. We also compare the demographic and
clinical characteristics of patients with and without new thrombosis.

Results: As of March 2021, 886 patients were included: aPL/APS without SAIDx: 546 (aPL without APS classification:
101; thrombotic APS [TAPS]: 320; obstetric APS [OAPS]: 59; and TAPS+OAPS: 66]; and aPL/APS associated with
SAIDx: 340 [aPL without APS: 91; TAPS: 178; OAPS: 21; and TAPS+OAPS: 50]). Of 886 patients, 705, 605, 527, 456,
401, 328, 200 and 49 completed 1, 2, 3, 4, 5, 6, 7, and 8-year follow-up, respectively. Mean follow-up was 4.67 years
(1270 patient-years [pt-y]) and 4.19 years (2572 pt-y) for those without and with a history of thrombosis, respectively.
Based on 13 initial events in 13 patients, and 67 recurrent events in 54 patients (Tables 1 and 2), the incident throm-
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bosis risk was 1.02 and 2.09 per 100 pt-y in patients without and with a history of thrombosis, respectively. Demo-
graphics, concomitant lupus, aPL-profile, medications, and non-aPL thrombosis risk factors were not different be-
tween aPL-positive patients with (n=13) or without (n=259) first thrombosis, and between APS patients with (n=54) or
without (n=560) recurrent thrombosis except APS patients with recurrence were younger and more likely to have triple
aPL positivity compared to those without recurrence (42.1 + 14.1 vs 46.6 + 13.3, p 0.02, and 31% vs 50%, p 0.006).

Conclusion: Based on approximately 4000 patient-years of follow-up, the incident thrombosis risk in persistently
aPL-positive patients remains relatively low (1.02 and 2.09 per 100 pt-y in patients without and with a history of
thrombosis, respectively). Lupus anticoagulant and/or triple aPL-positivity, sub-therapeutic international normalized
ratios, and additional CVD and VTE risk factors were relatively common at the time of the new events. Future Cox
proportional hazards analysis will help us better define the risk and protective factors for thrombosis in persistently
aPL-positive patients.
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Background/Purpose: APS ACTION Registry was created to study the natural course of disease over 10 years in
persistently antiphospholipid antibody (aPL) positive patients with or without systemic autoimmune diseases. The
objective of this analysis was to describe the new pregnancy outcomes of the aPL-positive patients since the incep-
tion of the registry.

Methods: A web-based data capture system is used to store patient demographics, history, and medications. The
inclusion criteria are positive aPL according to Updated Sapporo Classification Criteria tested within one year prior to
enrollment. Patients are followed every 12+3 months with clinical data and blood collection. We identified patients re-
corded as “pregnant” during prospective follow-up; new “aPL-related composite pregnancy morbidity” was defined
as: a) preterm live birth (PTLB) at or before 37" week due to (pre)eclampsia (PEC) and/or small-for-gestational age
(SGA); and b) fetal death (FD) after the 10" week. In addition to descriptive characteristics, we analyzed pregnancy
outcomes based on different aPL-related histories.

Results: Since the inception of the registry in 2012, 77 completed pregnancies were recorded in 55 patients (mean
maternal age: 33.4 + 5.2y; primary aPL/APS: 41 [75%]; and SLE: 14 [25%)]) (Table 1). Of 55 patients, 15 (27 %) did not
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fulfill the clinical APS classification criteria, 8 (15%) had obstetric APS (OAPS) only, 18 (33%) thrombotic APS (TAPS)
only, and 14 (25%) both OAPS+TAPS. Pregnancy outcomes are reported in Table 1. Sixty-seven of 77 (87 %) preg-
nancies were treated with low dose aspirin (LDA) and/or low-molecular weight heparin (LMWH) (54 with LDA+LMWH):
9/77 (12%) were due to OAPS only (LDA+LMWH: 7); 21/77 (27%) TAPS only (LDA+LMWH: 18); 21/77 (27%) OAPS
and TAPS (LDA+LMWH: 19); and 16/77 (21%) despite no APS classification (LDA+LMWH: 10). Table 2 demonstrates
TLB, PTLB, FD, and PELS rates based on the history of thrombotic APS (vs not), obstetric APS (vs not), and APS (vs
not); 93% of all patients were lupus anticoagulant [LA] positive (as well as 100% of those who developed aPL-related
composite pregnancy morbidity).

Conclusion: In our multi-center international prospective aPL-positive cohort, of 77 pregnancies in 55 patients
observed prospectively, 20 (26%) were complicated by (pre)embryonic losses. Of the remaining 57 pregnancies,
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aPL-related composite pregnancy morbidity was observed in 16/57 (28%) of pregnancies including 7/57 (12%) pre-
term live births with SGA and/or PEC, and 9/57 (16%) fetal deaths.
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Background/Purpose: Damage Index in APS (DIAPS) is a scoring system developed to assess long-term damage in
thrombotic primary antiphospholipid syndrome (PAPS), which also correlates with impaired quality of life (EuroQoL)
in Latin Americans. DIAPS is not validated in aPL-positive patients without thrombosis. Our primary objective was to
quantify damage accrual measured by DIAPS in aPL-positive patients with or without a history of thrombosis in an
international cohort. Secondly, we aimed to identify clinical and laboratory characteristics associated with damage
in aPL-positive patients.

Methods: In this cross-sectional study, we analyzed the baseline damage, measured by DIAPS, in APS ACTION Reg-
istry patients. The inclusion criteria were positive aPL according to Updated Sapporo Classification Criteria tested
within one year prior to enrollment. We excluded patients with other autoimmune diseases. We analyzed the demo-
graphic, clinical, and laboratory characteristics of patients based on two subgroups: (1) thrombotic APS patients with
high (DIAPS >3) versus low damage (DIAPS < 3); and (2) non-thrombotic aPL-positive patients with damage (DIAPS
>0) versus without damage (DIAPS=0). Chi-square, Fisher’s exact test, Mann-Whitney U and Student t test were used
when applicable. In the multivariate analysis, our model included age, gender, race and variables with p< 0.10 in the
univariate analysis.

Results: Of the 826 aPL-positive patients included in the registry as of April 2020, 576 with no other systemic auto-
immune diseases were included in the analysis (412 thrombotic and 164 non-thrombotic [108 aPL only and 56 ob-
stetric]). Baseline demographic, clinical and laboratory characteristics are summarized in Table 1. For the thrombotic
group, the most frequent domains contributing to damage were peripheral vascular (=260, 63% - mainly deep vein
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thrombosis), neuropsychiatric (n=107, 30% - mainly ischemic stroke with sequelae) and cardiovascular (n=57, 14%
- mainly heart valve disease). Older age, male gender, hypertension, hyperlipidemia and obesity were associated with
high damage (Table 1). In the multivariate analysis, male gender (OR 1.73, 95%CI 1.10-2.71, p=.018) and hyperten-
sion (OR 1.90, 95%CI 1.21-2.99, p=.006) were independently correlated with high damage. For the non-thrombotic
group, the most frequent domains contributing to damage were neuropsychiatric (n=25, 15% - mainly cognitive
impairment) and cardiovascular (n=13, 8% - mainly heart valve disease). Hypertension and hyperlipidemia were in-
dependently associated with damage in the multivariate analysis (OR 2.72, 95%CI 1.09-6.80, p=.032 and OR 4.48,
95%Cl 1.62-12.29, p=.004, respectively). There was no correlation between aPL profile (triple vs double vs single
aPL) and damage in either group.

Conclusion: DIAPS was able to discriminate damage in a large multicenter cohort of aPL-positive patients. Tradi-
tional cardiovascular risk factors, namely older age, male gender, hypertension, hyperlipidemia and obesity, correlate
with higher damage in thrombotic primary APS patients. Hypertension and hyperlipidemia also correlate with damage
in aPL-positive patients without a history of thrombosis.
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Background/Purpose: The APS ACTION Registry was created to study the natural course of antiphospholipid syn-
drome (APS) over 10 years in persistently antiphospholipid antibody (aPL) positive patients with or without systemic
autoimmune diseases (SAIDx). Given data to support the role of immunosuppression (IS) in the management of APS
patients with certain clinical phenotypes, e.g, diffuse alveolar hemorrhage (DAH), our primary objective was to char-
acterize IS use in aPL-positive patients without other SAIDx.
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Methods: A central online database was used to collect detailed clinical data. The inclusion criteria were positive aPL
based on the laboratory section of the current APS Classification Criteria, tested at least twice within one year prior
to enroliment. For this descriptive analysis, we only included aPL-positive patients without other SAIDx and excluded
those with catastrophic APS (CAPS). We retrieved data on demographics, aPL/APS-related history including selected
non-criteria manifestations (DAH, antiphospholipid-nephropathy [aPL-N], livedoid vasculopathy-related skin ulcers
[LV], thrombocytopenia [TP], hemolytic anemia [HA], and cardiac valve disease [VD]); and IS use (ever) (Table).

Results: As of 1/2021, 866 patients were included in the registry; 325 (38%) were excluded due to another SAIDx
and an additional five due to CAPS. Of the remaining 536 patients (mean age at entry: 45+13y; 70% female; 70%
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white; 432 [81%)] meeting the APS Classification; and 143 [27%] with at least one selected non-criteria manifesta-
tions), 70 (13%) used IS (ever) excluding corticosteroids (CS) and hydroxychloroquine (HCQ). Of 70 IS users (non-CS/
HCQ), 50 (71%) had at least one of the selected non-criteria manifestations. Of 743 patients with at least one of the
selected non-criteria manifestations, 38 (27%) had no history of thrombosis; 19/38 (50%) received anticoagulation
with/without antiplatelets, 15/38 (39%) antiplatelets alone, and 4/38 (11%) no antithrombotic agents. Four of 5 (80%)
DAH patients, 6/15 (40%) aPL-N, 10/26 (39%) LV, 32/85 (38%) TR, 7/12 (58%) HA, and 9/35 (26%) VD patients were
reported to receive non-CS/HCQ immunosuppression (Table).

Conclusion: In our multi-center international cohort, 13% of aPL-positive patients without other systemic autoim-
mune diseases, mostly those with selected non-criteria manifestations, were reported to use immunosuppressives
other than corticosteroids and hydroxychloroquine. Given the inconsistent reporting of immunosuppression use in
aPL-positive patients with non-criteria manifestations, systematic studies are urgently needed to better define the
role of immunosuppression for different aPL-related non-criteria manifestations.
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Background/Purpose: Data on fluctuation of antibodies against domain 1 (anti-D1) of B,-glycoprotein | (3,GPI) are
scarce. Patients with antiphospholipid syndrome (APS) and all three criteria tests for antiphospholipid antibodies
(aPL) display higher titers of anti-D1, which correlate with a3,GPI levels. This project aims at evaluating anti-D1 titers
over time in a large international cohort of persistently aPL positive patients.

Methods: AntiPhospholipid Syndrome Alliance For Clinical Trials and InternatiOnal Networking (APS ACTION) Reg-
istry was created to study the course of persistently aPL-positive patients with or without autoimmune disorders
over at least 10 years. Inclusion criteria are positive aPL by Updated Sapporo Criteria tested within one year prior to
enrolment. Patients are followed up every 12+3 months with clinical data and blood collection. Patients with avail-
able blood samples from at least three time points were included in this analysis. Anti- B,GPI and anti-D1 IgG were
tested by chemiluminescence (BioFlash, INOVA Diagnostics) at APS ACTION core laboratories. Positive results were
defined as >20 CU. Clinical data were retrieved from APS ACTION online database. Anti-D1 titers within the same
subject were compared by Friedman’s test. The association between categorical and continuous variables was as-
sessed by chi-squared and Spearman’s tests.

Results: In this longitudinal study, 1942 samples from 515 patients were tested for anti-D1 and a2GPI IgG; 230
patients with anti-D1 tested at >3 time points were included (Table). Patients with thrombotic APS had anti-D1 titers
significantly higher than those without thrombosis (p=0.022). Among 135 patients with at least one anti-D1 positive
result, anti-D1 titers varied significantly over time (Friedman statistics: 508.5, p< 0.0001; anti-D1 geometric mean
[95%Cl] at baseline 189.0 [115.9-308.3]; T1 132.3 [81.1-215.8]; T2 113.8 [69.8-185.5]; T3 109.2 [66.9-178.1]. Anti-D1
titers were significantly higher at baseline compared to T3 (p=0.029). Over time, anti-D1 titers significantly decreased
in 107 patients, and increased in 28 (p< 0.0001). In 11.3% of patients, anti-D1 results changed from positive to neg-
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ative (n: 20), or negative to positive (n: 6). (Mc Nemar’s x2=6.5; p=0.011). Anti- B2GPI titers correlated with anti-D1
titers and significantly reduced at T3 compared to baseline (ap2GPI at baseline 187.1 [14.5-1586.5]; T1 150.8 [11.1-
1379.2]; T2 124.9 [12.2-1304]; T3 117.6 [8.7-1136.6]; Friedman statistics=11.32, p=0.010).

Conclusion: Anti-D1 antibodies vary significantly overtime and approximately 10% may become negative during
follow up. Our future analysis of the registry will demonstrate the clinical relevance of this variation, and the impact
of treatment.
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Background/Purpose: Ciritically ill patients with COVID-19 infection have a profound hypercoagulable state and
can often develop thromboses in many different vascular beds. Given the presence of anti-phospholipid antibodies
among COVID-19 patients reported previously, we hypothesized that poor outcomes and thrombosis could also be
promoted by autoimmunity. In this retrospective case control analysis, we aimed to evaluate associations between
aPL titers, clinical outcomes and mortality in hospitalized patients admitted with COVID-19 infection.

Methods: We analyzed 138 electronic medical records of patients who were admitted to NYU Langone Hospital -
Long Island between the months of March-April 2020 with findings of COVID-19 positivity via PCR and who had aPL
titers determined. Patients with elevated titers of beta-2-Glycoprotein I1gG, IgM, IgA and/or cardiolipin IgG, IgM, IgA
were compared to those who were not elevated. Patients with positive lupus anticoagulant titers only were excluded
due to prevalent use of anti-coagulation during this time.
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COVID-19 positive patients with aPL titers were assessed for clinical events (including DVT, PE, MI, CVA, extremity
ischemia, skin ulcerations, visceral thrombosis and ocular and line occlusions) and mortality. The control group in-
cluded patients that were negative for aPL antibody titers. Associations between Anti-Phospholipid (aPL) titer posi-
tivity and clinical events was assessed by Chi-square analysis using Fisher’s exact test.

Results: The predominant aPL species that was noted in COVID-19 patients was anti-cardiolipin IgM. Of those pa-
tients with elevated antibody titers, cardiolipin IgM, IgG, IgA, and B2GPI antibodies were prevalent at rates of 98.9%,
26.7%, 19.2%, and 16.5%, respectively. Multiple aPL isotypes were detected in several patients.

There was a positive association between aPL positivity and elevations in IL-6, CRP, D-dimer, and LDH (P< 0.05).
There was an increased incidence of clinical events in patients with COVID-19 and positive aPL titers (52/83 or 62%)
compared to those who were aPL negative (32/55 or 58% ), however this association was not statistically significant.
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No significant association was detected between positive aPL titers and gender, age, or self-identified ethnicity. An
increased incidence of ARDS and a rising serum creatinine was noted in the aPL positive group (P = 0.03 and P=0.05
respectively). A significant increase in mortality was identified for the aPL positive group (P=0.01).

Conclusion: These findings suggest that aPL titers may provide insight into disease prognosis and outcome in hos-
pitalized patients with COVID-19. Despite lack of significant association with discrete thrombotic events, association
of aPL positivity with rising serum creatinine and ARDS suggest that aPL may contribute to end organ dysfunction
through enhanced microthrombosis, resulting in increased mortality.
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Background/Purpose: Patients with COVID-19 are at high risk for occlusion of vascular beds of all sizes. Consider-
ing endothelial cell activation has regularly been described as part of the COVID-19 thrombo-inflammatory storm, we
aimed to characterize potential upstream mediators of this activation including neutrophil extracellular traps (NETs)
and antiphospholipid antibodies (aPL).

Methods: Cultured human umbilical vein endothelial cells (HUVECs) were exposed to sera from 118 patients hospi-
talized with COVID-19. Plasma samples from 100 non-COVID sepsis patients were also characterized alongside 72
COVID samples. Upregulation of surface cell adhesion molecules E-selectin, ICAM-1, and VCAM-1 was determined
by in-cell ELISA. Soluble E-selectin was measured in serum. HUVECs were also stimulated with IgG purified from
three COVID patients positive for anticardiolipin IgG and separately five positive for anti-PS/PT IgG.

Results: As compared with sera from 38 healthy controls, COVID sera triggered an activated HUVEC phenotype as
evidenced by markedly increased surface expression of the cell adhesion molecules E-selectin (mean 1.67-fold in-
crease, p< 0.0001), VCAM-1 (mean 1.89-fold increase, p< 0.0001), and ICAM-1 (mean 1.66-fold increase, p< 0.0001).
While non-COVID sepsis plasma elicited higher expression of surface ICAM-1 than did control plasma, the effect
was even more robust with COVID-19 plasma (p< 0.05 comparing COVID-19 to sepsis). Beyond the in-cell ELISA
platform, we also found significantly higher levels of soluble E-selectin in COVID serum as compared with healthy
controls (p< 0.0001), where it correlated with clinical parameters that track with COVID-19 severity including C-
reactive protein (r=0.31, p=0.005), D-dimer (r=0.31, p=0.008), calprotectin (r=0.29, p=0.003), and oxygenation ef-
ficiency (r=-0.31, p=0.002). One marker of NET remnants, myeloperoxidase-DNA complexes, modestly correlated
with the ability of serum to increase expression of both VCAM-1 (r=0.26, p< 0.01) and ICAM-1 (r=0.28, p< 0.01) on
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HUVECs, while cell-free DNA and citrullinated histone H3 (additional markers of NETs) correlated with VCAM-1 only
(r=0.24, p< 0.05 and r=0.22, p< 0.05, respectively). Interestingly, we detected robust correlations between various
aPL in serum, especially anticardiolipin IgG/M and anti-phosphatidlyserine/prothrombin (anti-PS/PT) IgG/M, and the
three markers of HUVEC activation (E-selectin, VCAM-1, and ICAM-1) (Table 1). As compared with mock depletion,
IgG depletion strongly abrogated the ability of pooled COVID sera (anticardiolipin-positive and anti-PS/PT-positive)
to upregulate HUVEC E-selectin (p< 0.01 and p< 0.05, respectively), VCAM-1 (p< 0.05 and p< 0.01) and ICAM-1 (p<
0.01 for both). Furthermore, IgG (100 pg/ml) purified from the anticardiolipin-positive and anti-PS/PT-positive COVID
serum increased expression of ICAM-1 (p< 0.01 for both) when spiked into control serum.

Conclusion: These data are the first to suggest that patient antibodies are a driver of endothelial cell activation in
COVID-19 and add important context regarding thrombo-inflammatory effects of aPL-like autoantibodies in severe
COVID-19.
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Background/Purpose: Antiphospholipid syndrome (APS) is a significant cause of morbidity and mortality in patients
with SLE and lupus anticoagulant (LAC) positivity is the best predictor of thrombosis. However, in SLE LAC positivity
can fluctuate over time. We determined the probabilities of transitions between the lupus anticoagulant states and
thrombosis, and identify predictors of these transitions.

Methods: SLE patients in a longitudinal cohort had LAC determined using ISTH guidelines at every visit. A dRVVT of
45 or more seconds and a positive confirm ratio of more than 1.4 were defined as positive for LAC. Missing values
were handled using multiple imputation based largely on the degree of elevation of dRVVT. At each visit, patients were
classified into state 1 (a negative LAC), state 2 (a positive LAC), or state 3 (thrombosis). Multistate Markov models
were used to provide estimates of relative transitions rates and to identify predictors in these transitions. The multiply
imputed datasets were analyzed for complete data by imputation. Then, the results were pooled from the multiple
analyses.

Table 1. The observed transitions in states between visits for patients in the Hopkins Cohort

Table 2. Transition probability between states after SLE diagnosis and expected time in each state. The table presents the estimated probability
from state 1 (LAC-), state 2 (LAC+) to the LAC states and to first thrombotic event
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Table 3. Multivariable analysis on the predictors of transitions

Results: 1781 patients (37296 clinic visits) were eligible to be included for this analysis. 93% were female, 41% were
African American, 50% were Caucasian. The mean age at SLE diagnosis was 32 years (SD=13 years). Patients had
the higher probability of improving (LAC+ to LAC-) than deteriorating (LAC- to LAC+), regardless of years after SLE
diagnosis (Table 1, 2). In 5 years, the probability of remaining in the same state was 87.6% for state 1, and 4.6% for
state 2. 7.7% of the patients initially in state 1 and 9.7% of the patients initially in state 2 transitioned to developing
a thrombosis (Table 2). Multivariable regression results showed that African American ethnicity, normal C3, and being
on hydroxychloroquine treatment were at higher rates of transitioning from positive LAC to negative LAC while male
sex, SLEDAI, and obesity predicted higher rates of transition from LAC negative to positive states. For patients tran-
sitioning from positive LAC, obesity and low C3 levels were risk factors for thrombosis and being on hydroxychloro-
quine was protective against thrombosis (Table 3).

Conclusion: In SLE, transitions between LAC status could be estimated by multistate Markov model. We can es-
timate the risk of future thrombosis based on the baseline RVVT status, C3, ethnicity, gender, disease activity and
obesity.

Disclosure: S. Demir, None; J. Li, None; L. Magder, None; M. Petri, Alexion, 1, Amgen, 1, Astrazeneca, 1, 5, Au-
rinia, 5, 6, Eli Lilly, 5, Emergent Biosolutions, 1, Exagen, 5, Gilead Biosciences, 2, GSK, 1, 5, IQVIA, 1, Idorsia Phar-
maceuticals, 2, Janssen, 1, 5, Merck EMD Serono, 1, Momenta Pharmaceuticals, 2, PPD Development, 1, Sanofi, 2,
Thermofisher, 5, UCB Pharmaceuticals, 2.
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Background/Purpose: Antiphospholipid antibody (aPL) positivity is associated with elevated risk of thrombosis
among patients with SLE, but other clinical associations are less well-known. The goal of our study was to determine
clinical correlations with aPL seropositivity among patients with SLE to help inform risk factor prediction models and
provide insights to improve management strategies.

Methods: We used data from a longitudinal research registry of patients with SLE seen at our institution between
2003-2020. Patients were selected using a case-control design based on having known aPL and/or lupus antico-
agulant (LAC) status (normal or elevated). aPL status included IgM and IgG anticardiolipin and anti-b2glycoprotein,
categorized by Ig level (any positive >20 GLP/MLP, or high positive >40 GLP/MLP). Demographic information, Amer-
ican College of Rheumatology (ACR) and SLICC classification criteria for SLE, SLICC Damage Index (SDI), and renal
biopsies were evaluated. Statistical analysis was performed using Fisher’s exact or Pearson’s chi-squared testing.

Results: A total of 400 patients with SLE were evaluated, the majority black (69.9%) and female (93.9%). Table 1
compares aPL status by race, gender, and age of SLE diagnosis. Table 2 compares aPL and LAC status by pres-
ence of clinical characteristics. Lupus nephritis was more prevalent among black compared to non-black patients
(59.3% vs. 26.4%, p< 0.01), childhood-onset SLE compared to those diagnosed in adulthood (67.1% vs. 45.8%,
p< 0.01), and men compared to women (64.7% vs. 48.9%, p=0.07). Table 2 shows associations between clinical
characteristics and any positive aPL, high positive aPL, and positive LAC. Positive aPL was associated with lupus
nephritis in 58.6% of patients compared to 45.1% of those negative for aPL (p=0.03). After evaluating renal biopsy
data, we found no significant difference in nephritis biopsy classes between those positive or negative for aPL or
LAC. In addition to nephritis, discoid rash and neurologic disorder were significantly associated with positive aPL
status. Serositis, thrombocytopenia and neurologic disorder were significantly associated with high positive aPL and
neurologic disorder with positive LAC. High positive aPL was associated with disease damage, as measured by SDI,



136

but no significant difference was seen with lower titer positive aPL or LAC positivity. Although no significant difference
was seen in prevalence of thrombosis and aPL status, the use of low dose aspirin (45.5%) and warfarin (18.6%) were
significantly higher among patients with any positive aPL compared to those negative for aPL (p< 0.01).

Conclusion: We found that within this predominately African American cohort of patients with SLE, elevated levels
of aPL antibodies are associated with lupus nephritis, discoid rashes, and neurologic disorder. At high titers, aPL
status was associated with serositis, neurologic disorder and thrombocytopenia. The strongest association of LAC
was with neurologic disorder. Further studies will determine the timing of aPL status to these clinical manifestations
and potential benefit of antiplatelet and/or anticoagulation on nonthrombotic manifestations such as lupus nephritis,
when aPL antibodies are elevated.

Disclosure: P. Jain, None; J. Oates, None; D. Wilson, None; D. Kamen, None.
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Background/Purpose: Although APS was originally described in those with SLE, the epidemiology and clinical char-
acteristics of secondary APS (2APS) has not been well described in SLE populations with large numbers of Blacks.

Methods: The Georgia Lupus Registry is a Centers for Disease Control and Prevention-funded population-based
registry of validated SLE patients in Atlanta and was designed to determine SLE prevalence in 2002 and incidence
in 2002-04. Diagnoses were validated through medical record and database review without the requirement of pa-
tient consent. Case definitions included those with >4 ACR criteria or 3 ACR criteria with a final diagnosis of SLE
by a board-certified rheumatologist. Case finding efforts included searching for APS-related elements from medical
records and labs. Validated prevalent and incident SLE cases were matched with the state Hospital Discharge Data-
base from 2002-13, which captured all hospital admissions along with associated diagnoses and procedure codes.
2APS was defined by 1) the treating rheumatologist diagnosis and/or 2) >1 clinical and >1 laboratory criteria after
SLE diagnosis using a modified Sydney classification criteria. Clinical criteria included vascular thromboses and
pregnancy morbidity captured by medical record review and/or hospital diagnosis codes. Laboratory criteria for an-
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ticardiolipin (aCL), lupus anticoagulant (LA), and/or anti-b2 glycoprotein-I IgG or IgM (ab2) were captured by medical
record and laboratory review. Frequency of clinical and laboratory characteristics were reported for prevalent and
incident SLE cases overall and compared between SLE cases with (+APS) and without 2APS (-APS) and between
Black and non-Black SLE cases +APS.

Results: In prevalent SLE, 14.3% (194/1353) had 2APS with no differences in age, SLE duration, or sex between APS
status [Table 1]. In +APS, there were 67% aCL, 51.5% LA, and 7.7% ab2 (-APS: 11.2, 5.6, and 1.1%, respectively) with
61.9% vascular thromboses and 22.2% pregnancy morbidity. Anti-dsDNA and/or Sm, livedo reticularis, serositis, renal,
neurologic, and hematologic disorder were also more frequent. In incident SLE, 11.9% (40/336) had 2APS with no differ-
ences in age, SLE duration, or sex between APS status. In +APS, there were 65% aCL, 52.5% LA, and 12.5% ab2 (-APS:
12.2, 4.4, and 1.7%, respectively) with 65% vascular thromboses and 27.5% pregnancy morbidity. There was also more
smoking, arthritis, serositis, and ANA positivity. Blacks with prevalent SLE had 2APS less frequently than non-Blacks
(143/1024 or 14.0% vs 51/329 or 15.5%) and were younger and had more vascular thromboses, discoid, serositis, and
renal disorder but less livedo, ab2, and photosensitivity compared to non-Blacks [Table 2]. Blacks with incident SLE had
2APS less frequently than non-Blacks (28/247 or 11.3% vs. 12/89 or 13.5%) and had less photosensitivity.

Conclusion: The burden of 2APS in SLE in this population-based study ranged from 11.9 to 14.3%. There were
notable differences in prevalent and incident SLE by APS status and by race, which may provide insight into the
pathophysiology of 2APS. Further research is needed into this important subgroup.

Disclosure: J. al-nageeb, None; G. Bao, None; C. Drenkard, GSK, 1, 5; S. Lim, Bristol Myers Squibb, 5, Glax-
oSmithKline, 2, ACR, 4, AstraZeneca, 5, Pfizer, 2, UCB, 2.
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Background/Purpose: APS is a rare autoimmune disease characterized by thrombotic events and/or pregnancy
morbidities in the presence of confirmed positivity for aPL. Complement was demonstrated to be involved in aPL-
related pregnancy loss in animal models and human disease. According to some authors, Hydroxychloroquine
(HCQ) can control the activation of the complement system. HCQ has been shown to improve pregnancy outcome
and to reduce aPL title. In murine model of obstetrical APS, HCQ was able to prevent placental and fetal abnormal-
ities and to lower serum C5a levels. This study was conducted to verify the effect of HCQ in a multicenter cohort
of Primary APS (PAPS) and aPL carriers pregnant women and possible correlation with preconception serum C3/
C4 levels.

Methods: Medical records of pregnant women with confirmed positivity for aPL antibodies attending 12 referral
centers from January 2010 to December 2020 were retrospectively evaluated. We considered as aPL-related adverse
pregnancy outcome (APO): spontaneous abortions (< 10 weeks of gestation), fetal loss (=10 weeks of gestation),
neonatal death (death of a formed fetus alive at birth in the first 28 days of life), preterm delivery before 37 weeks of
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gestation, preeclampsia, eclampsia or HELLP syndrome. The presence of one or more of them were considered for
the definition of gestational outcome. No patients with SLE or other autoimmune disease were included.

Results: We have analyzed 164 singleton pregnancies (22 aPL carriers - 13%) in 128 patients: all the patients were
treated with combination therapy (low dose aspirin, LDA + low molecular weight heparin, LMWH), and in 30 HCQ was
added. 58 pregnancies (43%) had low levels of preconception C3 and/or C4. A triple aPL positivity was observed in
54 pregnancies (40%), 14 (26%) of them were treated with combination therapy + HCQ. When considering the whole
cohort, the addition of HCQ did not significantly improved the gestational outcome (14/30, 47% vs 72/134, 54%,
p=0.317, ns). Further stratification was performed on the basis of complement consumption. In the group of patients
with preconception low C3 and/or C4 the addition of HCQ did not significantly improve pregnancy outcome (7/11,
64% vs 15/47, 32%, p=0.264, ns). We have lastly evaluated 40 pregnancies that were characterized by a high-risk
profile (triple aPL positivity and complement consumption) to assess whether the administration of HCQ on the top
of combination therapy during pregnancy could influence gestational outcome. HCQ significantly improved gesta-
tional outcome (7/10, 70% vs 7/30, 23%, p=0.018). This observation could not be confirmed in patients with single
or double aPL positivity (p=1, ns).

Conclusion: The study shows that administering HCQ in addition to combination therapy can improve gestational
outcome in aPL/APS high-risk patients defined as triple aPL positive, with decreased C3 and /or C4 levels. This ob-
servation confirms that HCQ exerts a beneficial effect on aPL pregnancies by complement inhibition as it was shown
in animal models. In addition, our results provide the clinicians a useful tool to implement conventional treatment in
patients at high risk of pregnancy complication or loss.

Disclosure: D. Lini, None; C. Nalli, None; L. Andreoli, None; F. Crisafulli, None; M. Fredi, None; M. Lazzaroni,
None; V. Bitsadze, None; A. Calligaro, None; V. Canti, None; R. Caporali, Abbvie, 2, 6, BMS, 2, 6, Celltrion, 2, 6,
Fresenius Kabi, 2, 6, Lilly, 2, 6, Pfizer, 2, 6, UCB, 2, 6, Sanofi, 2, 6, Sandoz, 2, 6, Novartis, 6, MSD, 2, 6, Gilead Scienc-
es, Inc., 2, 6, Galapagos NV, 2, 6, Roche, 2, 6, SamSung-Bioepis, 2, 6; F. Carubbi, None; C. Chighizola, None; P.
Conigliaro, None; F. Conti, None; C. De Carolis, None; T. Del Ross, None; M. Favaro, None; M. Gerosa, None; A.
luliano, None; J. Khizroeva, None; A. Makatsariya, None; P. Meroni, None; M. Mosca, None; M. Padovan, None;
R. Perricone, None; P. Rovere Querini, None; G. Sebastiani, None; C. Tani, None; M. Tonello, None; S. Truglia,
None; D. Zucchi, None; F. Franceschini, None; A. Tincani, Novartis, 2, UCB, 2, Janssen, 2, Gsk, 6.
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Figure 1. Kaplan—-Meier curve showing cumulative survival according to the presence of early DIAPS increase.

Background/Purpose: The chronic and recurrent nature of antiphospholipid syndrome (APS) leads to damage ac-
crual that impairs long-term functional status and survival. The Damage Index for Antiphospholipid Syndrome (DIAPS)
is a validated instrument designed to capture the damage accrual in thrombotic APS, but it is not known whether it
correlates with mortality. We aim to determine whether early damage, as measured by the DIAPS, predicts long-term
mortality in thrombotic APS.

Methods: We carried out a retrospective analysis of all medical records to calculate the yearly DIAPS score of 197
thrombotic APS patients attending the Rheumatology and/or Haematology clinics at a tertiary hospital for up to 43
(median 10) years. Patients fulfilled the 2006 Sydney classification criteria. The disease onset was the time the first
thrombotic event related to APS was diagnosed. Early damage refers to damage present at six months after the dis-
ease onset. Early DIAPS increase refers to the increase of at least one point from the initial DIAPS score within the
first five years after the disease onset. DIAPS score is shown as median (interquartile range, IQR). We used logistic,
and uni and multivariable Cox regression models to analyse risk factors affecting mortality. Survival was analysed
through the Kaplan-Meier method.

Results: The median age at APS onset was 40 (IQR 51-28) years, with a female (71%) and primary APS (66%)
preponderance. Caucasian ethnicity was the most prevalent (72%), followed by Asian (10%), Afro-Caribbean (9%)
and other (9%). Damage developed in 143 (73%) patients with a median DIAPS score of 1 (IQR 2-0) at the last visit.
Early damage was present in 69 (35%) patients. Early DIAPS scored low values in the whole group (0, IQR 1-0). We
identified 23 fatalities (12%). Patients who died had higher last DIAPS (2, IQR 3-1 vs. 1, IQR 2-0, p=0.012) but similar
early DIAPS score (0, IQR 1-0 vs. 0, IQR 1-0, p=0.318) compared to those who survived. Secondary APS (HR 3.07,
95% Cl11.32-7.12, p=0.009), male gender (HR 3.14, 95% CI 1.35-7.33, p=0.008) and age at APS onset >40 years (HR
5.34,95% Cl 1.96-14.53, p=0.001) were risk factors for death. Early damage was not associated with death (HR 1.65,
95% CI 0.73-3.78, p=0.231). Conversely, early DIAPS increase, present in 29% (53/181) of patients, was associated
with death (HR 5.40, 95% CI 2.33-12.52, p< 0.001), even after adjusting individually for APS category (secondary, HR
5.05, 95% Cl 2.18-11.72, p< 0.001), gender (male, HR 5.40, 95% CIl 2.29-12.73, p< 0.001) and age at APS onset (>40
years, HR 3.41, 95% CI 1.43-8.20, p=0.006). Figure 1 shows the survival analysis. Having a first arterial thrombotic
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event was associated with early damage (OR 7.24, 95% CI 3.74-14.03, p< 0.001), but not with early DIAPS increase
(OR 1.22, 95% CI 0.64-2.33, p=0.539) nor with the risk of death (HR 1.85, 95% CI 0.79-4.27, p=0.151).

Conclusion: These findings suggest that damage accrual accessed by DIAPS is associated with increased mortality
in a large multi-ethnic group of APS patients. In particular, an increase of at least one point on DIAPS in the first five
years after disease onset, but not early damage, is an important predictor of mortality regardless of the nature of the
first thrombotic event, gender, APS category and age.

Disclosure: P. Gaspar, None; F. Farinha, None; Z. Sayar, None; M. Efthymiou,, None; H. Cohen, Bayer Healthcare,
5, 6, 12, Support to attend scientific meetings; Honoraria for lectures at symposia paid to University College London
Hospitals Charity, UCB Biopharma, 2, 12, Consultancy fees paid to University College London Hospitals Charity; D.
Isenberg, None.
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Background/Purpose: Risk stratification in patients with antiphospholipid antibodies (aPL) remains a clinical chal-
lenge. We aim to evaluate the role of Thrombin Generation Assay (TGA) in distinguishing various populations of aPL
positive patients (with and without lupus anticoagulant - LA) and its association with B2GPI-dependent and anti-
phosphatidyl-serine/prothrombin (aPS/PT) antibodies.

Methods: One-hundred-and-eight patients were tested with TGA and divided as follows: 21 patients with aPS/PT
IgG/IgM, 29 with aB2GPI IgG/IgM, 31 with aPS/PT and a32GPI IgG/IgM, 27 with aPS/PT and/or aB2GPI IgM low-
titers. Table 1 resumes the clinical characteristics of the APS patients (excluding aPL asymptomatic). Thirty-one
healthy donors (HDs) and 24 controls treated with VKA were also included.

Results: The most deranged TGA and LA profile was observed in patients with both aPS/PT and a32GPI when com-
pared to those with an isolated positivity for aPS/PT or ap2GPI and patients with aPS/PT and/or aB2GPI IgM at low
titres (Figure 1). Similarly, patients with aPS/PT and/or ap2GPI at medium/high titres presented with the higher rate
of clinical manifestations.

When comparing the TGA curves of APS patients, asymptomatic aPL positive (aPL+) subjects, HDs and controls
treated with VKA, we observed that aPL+ patients (particularly those with a confirmed diagnosis of APS) showed a
characteristic profile (Figure 2). Moreover, both in aPL+ subjects and in the control groups we observed a correlation
between TGA and LA parameters.
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Group 1: isolated

Group 2: isolated

Group 3: aPS/PT+

Group 4: aPS/PT+

aPS/PT+1gG/IgM | aB2GPI+IgG/IgM and aB2GPl+ and/or ap2GPl+
(16) (20) 1gG/IgM (24) IgM low titres(15)

APS dinical manifestations
Thrombosis (Y/N),n (%) 14 (87,5%) 16 (80%) 21 (87,5%) 13 (86,6%)
N of thrombotic events 21 23 36 15
Arterial thrombosis (Y/N), n (%) 10 (62,5%) 9 (45%) 14 (58,3%) 11 (73,3%)
Arterial events,n 13 10 21 12
Venous thrombosis (Y/N), n (%) 6(37,5%) 10 (50%) 11 (45,8%) 3(20%)
Venousevents, n 9 13 15 3
Pregnancy morbidity, n (%) 3(18,8%) 4 (20%) 3(12,5%) 2 (13,3%)
Stroke, n (%) 4 (25%) 4 (20%) 9(37,5%) 7 (46,6%)
TIA, n (%) 1(6,2%) 3 (15%) 4 (16,6%) 0
DVT, n (%) 4 (25%) 8 (40%) 11 (45,8%) 2 (13,3%)
PE, n (%) 2(12,5%) 3 (15%) 2 (8,3%) 1 (6,6%)
Recurrentthrombosis (Y/N), n (%) 3(18,8%) 3 (15%) 7 (29,1%) 0
Livedo reticularis, n (%) 1(6,2%) 1(5%) 4 (16,6%) 0
Thrombocytopenia, n (%) 4 (25%) 4 (20%) 6 (25%) 2 (13,3%)
Valvular,n (%) 1(6,2%) 0 2 (8,3%) 0
Peripheral artery disease, n (%) 0 3 (15%) 4 (16,6%) 0
Diffuse alveolar hemorrhage, n (%) 0 0 1(4,1%) 0

Conclusion: TGA seems a valuable approach to stratify aPL+ patients according to their risk profile. The differences
among groups and different populations of autoantibodies specificities obtained from this test can be considered a
translational validation of the increased thrombotic risk of patients with triple or tetra aPL positivity.

“Classical” and “Extra-criteria” APS clinical manifestations of each group (considering solely patients with a con-

firmed diagnosis of APS).

Graphical representation of the differences between TGA and LA profiles between groups. The differences between
groups that reached statistical significance (p<0,05) are indicated in the graph. (@PS/PT - Anti-phosphatidylserine/
prothrombin antibodies; aB2GPI - Anti-B2-glycoprotein-I antibodies; Ig — Immunoglobulin; tLag — Lag time; tPeak —
Time to peak; AUC - Area under the curve; sctScreen - Silica Clotting Time screening; sctMix - Silica Clotting Time
mix; sctConf — Silica Clotting Time confirmation; dRVVTscreen - Dilute Russell’s viper venom time screening; dRVVT-
mix - Dilute Russell’s viper venom time mix; dRVVTconf - Dilute Russell’s viper venom time confirmation)
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Representative Thrombin Generation Assay profile of APS patients, asymptomatic aPL+ patients, healthy controls
and controls treated with Vitamin K antagonists. (TGA — Thrombin generation assay; APS — Antiphospholipid Syn-
drome; aPL — Antiphospholipid antibodies; HC — healthy controls)
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Background/Purpose: Few studies have evaluated the role of environmental factors in APS. While antiphospholipid
antibodies (aPL) may be induced by environmental stiumuli, e.g., viruses, cardiovascular disease and venous throm-
boembolism (VTE) risk factors may contribute to thrombosis in aPL-positive patients. In particular, we hypothesized
that cigarette smoking and obesity might be risk factors for aPL positivity and thrombosis development based on
previous literature. Using international multi-center data on patients referred for “suspected APS”, we tested the as-
sociation of smoking and obesity with aPL positivity and thrombosis.

Methods: We collected 1216 cases of patients referred to 32 major centers in North America, South America, Eu-
rope, and Asia for suspected APS (aPL-positive/negative cases with/without history of thrombosis were collected
as part of the new APS classification criteria development efforts, with additional questions specific for this project).
Demographic, exposure, and clinical data were collected in a standardized format using an online secure REDCap
database. For the current analysis, for each case, we also collected information related to current/past/never smok-
ing history and most recent body mass index (BMI) at the office visit. We used t-tests or chi-square tests to evaluate
associations of smoking (current versus former/never) and obesity (BMI> 30 versus < 30) with ever positive and most
recent positive aPL (lupus anticoagulant [LA], anticardiolipin antibody [aCL] IgG, or anti-Beta-2-glycoprotein-I anti-
body [aB2GPI] IgG) and with history of any thrombosis (including venous thromboembolism [VTE] or arterial throm-
bosis [AT]). aPL positivity was defined as test result above the laboratory normal range.

Results: Median age of 1216 cases was 42 years (IQR: 35, 55.5); 78.5% were female, 82.1% White, 10.4% Hispanic/
Latinx, and 52.6% were European, and 37.7% North American. 64.2% of patients had positive LA tests, 42.9% had
positive a2GPI IgG, and 53.6% had positive aCL IgG. 8.6% of patients were current smokers, while 22.8% had
BMI> 30 kg/m2 at office visit (Table 1). We found no association of current smoking with history of ever or most recent
positive LA, aCL IgG, aB2GPI IgG as well as history of thrombosis overall, VTE, or AT (Table 2). However, obesity was
associated with ever (but not most recent) positive LA (p=0.04) and history of thrombosis (p < 0.01), but not ever or
most recent positive aCL or aB2GPI IgG positivity (Table 2). Obesity was specifically associated with VTE (p=0.01),
but not AT.

Conclusion: Within a cohort of international cases referred for suspected APS, obesity was associated with a his-
tory of ever positive LA and with VTE. No clear association of current smoking was demonstrated, possibly due to
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low prevalence in our cohort. These results are hypothesis-generating and are being pursued in further analyses,
accounting for potential confounders such as sociodemographics, concomitant systemic rheumatic disease, and
other thrombosis risk factors. Subgroup analyses will evaluate also the association of these environmental stimuli
with other aPL isotypes.

Disclosure: M. Barbhaiya, None; D. Jannat-Khah, Cytodyn, 12, own shares of stock, Walgreens, 12, Own stock
shares, AstraZeneca, 12, own stock shares, GW Pharmaceuticals, 12, stock ownership; D. Erkan, ACR/EULAR, 5,
LCTC, 5, NIH/NIAID, 5, GSK, 5, 6, Exagen, 5, Alexion, 2, UCB, 2, UpToDate, 9, APS ACTION, 4; K. Costenbader,
Neutrolis, 11, Merck, Exagen, Gilead, 5, Astra Zeneca, Neutrolis, 2; O. Criteria Development Case Collectors,
None.
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Background/Purpose: Cardiac valve involvement in the APS is prevalent, necessitating valve surgery in about 5%
of the patients. Data regarding valve surgery outcomes in APS relies on small case series and case reports with a
mortality rate ranging from 12.5% to 40%. We aimed to describe the outcome and prognosis of cardiac valve surgery
in patients with primary and secondary APS, and to determine factors associated with outcome.

Methods: All patients with APS, (primary or secondary to SLE), who underwent valve surgery at the Sheba-Tel-
Hashomer or Tel Aviv Sourasky medical centers in Israel in the last 3 decades were included in this retrospective
analysis. Data regarding clinical characteristics, valve involvement, treatment before surgery, type of valve used and
early and late complications were collected and analyzed.

Results: We identified 23 patients who underwent cardiac valve surgery from 1992-2021. Of whom, 17 (73.9%) were
female, median age at surgery was 45 years (range 18-71). Ten patients (43.5%) had APS secondary to SLE. The
median time from APS diagnosis to valve surgery was 17 years (range 0-40). Triple positive aPL were noted in 16 of
21 patients (76.2%), and 19 of 21 (90.5%) had a positive lupus anticoagulant (LA).

The mitral valve (MV) was the most common valve affected (n=15, 65.22%), followed by the aortic valve (n=7, 30.43%).
Findings compatible with Libman-Sacks endocarditis (LSE) were noted in 13 (56.52%) of the patients. Moderate-
severe pulmonary hypertension was evident in 50% of the patients before surgery, and the mean New-York Heart
Association score was 2.09.

A mechanical valve was used in 14 of 23 (60.87 %) patients, one patient underwent MV repair and one tricuspid valve
repair. One patient required concomitant coronary bypass surgery (CABG).

Mean follow up following surgery was 66.59+80.12 months.
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Thirteen patients (56.52%) had an early (30 day post-surgery) complication, including 8 severe complications - 2
deaths, 2 post-pericardiotomy syndrome, valve infection, valve thrombosis, stroke and major bleeding (one of each).
Eight of 20 patients ( 40%) had a late complication - one death (4 years after MV replacement); valve thrombosis;
stroke and major bleeding; newly developed LSE; major bleeding; stroke; E. coli bacteremia and chronic pericarditis
(one of each). All mortality cases occurred in patients with mechanical valves.

In a univariate analysis pre-surgical warfarin treatment (p=0.02) and valve repair (p=0.03) were associated with a
better outcome (no complications or death). Whereas a past history of DVT (p=0.02), pre-surgical heparin treatment
(p=0.009), and CABG (p=0.008) were linked with mortality.

Conclusion: In this cohort of APS patients from two tertiary centers in Israel the mortality rate was 13.04%, which
was lower than some previous case series. The total complication rate was 73.91%.

We have identified possible predictors of outcome, however valve surgery in APS patients continues to carry a guard-
ed prognosis. Larger studies and registries are needed to define risk factors for severe valvular involvement, the best
surgical approach and medical treatment post-surgery.

Disclosure: T. Eviatar, None; S. Niznik, None; N. Agmon-Levin, None; D. Paran, None.
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Background/Purpose: A substantial number of patients with COVID-19 pneumonia develop a hyperinflammatory
state. The anti-IL-6 receptor (IL-6R) mAb tocilizumab (TCZ) has been used in such setting. However, studies to date
have had mixed results.

Our institution is unique in that nearly all services to two independent hospitals, Keck Medical Center (KMC, a private
non-profit hospital owned and managed by USC) and the Los Angeles County + University of Southern California
Medical Center (LAC+USC MC, a public hospital owned and managed by the County of Los Angeles), are provided
by the same pool of physicians who follow similar protocols for management of COVID-19, with one crucial exception
— patients admitted to LAC+USC MC do not receive TCZ, while those admitted to KMC are eligible to receive TCZ.
This difference in access to TCZ results in two arms of “real-world” patients that are “quasi-randomized”, resulting in
a setting that combines components of a randomized trial with real-world practice.

Methods: The records of patients with COVID-19 admitted to KMC or LAC+USC MC between March 1, 2020, and
August 31, 2020 (COVID surge 1), and between February 20, 2021, and April 20, 2021 (COVID surge 2), were re-
viewed. Forty patients with severe COVID-19 pneumonia at KMC received at least a single TCZ dose (400 mg V).
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These patients were matched to 133 LAC+USC MC controls on gender, age, and BMI, and, when feasible, the pres-
ence or absence of diabetes. Day 0 for KMC patients was the day of in-patient TCZ administration, and the matching
day 0 for LAC+USC MC patients was the day of emergency room presentation + the number of days for which their
matched KMC counterpart had been admitted prior to receiving TCZ. This numbering scheme ensured that disease
timelines were similar. Outcomes were assessed at 72 hrs, day 14, and day 28. Primary outcome was >2-point im-
provement on the ordinal scale for clinical improvement (a 7-point scale based on hospitalization status, oxygen
requirements, and presence of other organ support). Secondary outcome was survival at days 14 and 28.

Results: Demographics are shown in Table 1. The two populations were balanced in most baseline demographics
and characteristics, although they differed in proportions of individuals of Hispanic ethnicity, presence of diabetes,
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and use of hydroxychloroquine for treatment of COVID-19. Our findings failed to demonstrate improved clinical out-
comes among patients receiving vs not receiving TCZ at any of the time points (Table 2). Moreover, there was also no
difference between these cohorts in survival at days 14 and 28 (Table 3).
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Conclusion: While our two hospitals are separate, the same physicians and similar treatment protocols (other than
TCZ use) resulted in a natural experimental setting. In our study, use of TCZ for COVID-19 pneumonia did not lead to
a significant benefit in this quasi-randomized, real-world environment. Moreover, clinical outcomes of patients in our
public hospital were no worse than those in our private hospital. The hyperinflammatory state of severe COVID-19 is
unlikely to be driven by a single inflammatory cytokine, and the risks of using any and all types of immunosuppression
must be carefully weighed against the perceived benefits.

Disclosure: L. Wise, None; L. Mathias, None; W. Mack, None; A. Kafi, None; Y. Kothari, None; O. Rao, GILEAD
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Background/Purpose: Patients with immune-mediated diseases have similar risk of severe COVID-19 versus the
general population but CD20 inhibitor users may be at increased risk of COVID-19-related death. We examined
whether CD20 inhibitor users have worse COVID-19 outcomes than general population comparators.

Methods: We performed a comparative cohort study of CD20 inhibitor users in immune-mediated diseases and
general population comparators for COVID-19 outcomes. We identified cases who used CD20 inhibitors for immune-
mediated diseases (non-oncologic/non-transplant indication) within one year prior to index date of PCR-confirmed
COVID-19 between January 31, 2020, and January 31, 2021, in a large healthcare system. Details regarding demo-
graphics, medical history, CD20 inhibitor treatment, and COVID-19 were extracted from the electronic health record.
Comparators with COVID-19 were matched up to 5:1 by age, sex, and index date of PCR positivity. We estimated
hazard ratios (HRs) and 95% confidence intervals (Cls) for hospitalization, mechanical ventilation, and death in CD20
inhibitor users versus comparators using Cox regression. We also assessed these associations among cases with
rheumatic conditions and shorter (< 1 year) or longer ( >1 year) CD20 inhibitor duration versus comparators.
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Results: We identified 114 cases with COVID-19 who used CD20 inhibitors for immune-mediated diseases and 559
matched comparators with COVID-19 (Table 1). Rheumatic disease (59 [52%]) and neurologic conditions (48 [42%])
were the most common indications for CD20 inhibition (Table 2). The total duration of CD20 inhibitor use was < 1 year
in 33 (29%), 1-3 years in 51 (45%), and >3 years in 30 (26%). Forty-eight (42%) patients received a CD20 inhibitor
dose within 3 months before COVID-19 onset. CD20 inhibitor-treated cases had higher mortality (aHR 2.16; 95% ClI:
1.03 to 4.54) than matched comparators. Risks of hospitalization (aHR 0.88; 95% CI: 0.62 to 1.26) and mechanical
ventilation (aHR 0.82; 95% CI: 0.36 to 1.87) were similar (Table 3). Approximately half of deceased patients in each
group were not mechanically ventilated due to “Do Not Intubate” status. Deaths were numerically higher in patients
on CD20 inhibitors for rheumatic diseases (7 [13%] vs. 15 [5%]), unadjusted HR 2.52; 95% CI: 1.07 to 5.90), which
was attenuated in the adjusted model (aHR 1.76, 95% CI: 0.50 to 6.15). Short-term CD20 inhibitor users (< 1 year)
had higher risk of death (7 [9%] vs. 11 [3%], unadjusted HR 2.82, 95% CI: 1.34 to 5.96) than comparators, which was
attenuated in the adjusted model (aHR 2.33, 95% CI: 0.92 to 5.91). Lastly, those with long-term CD20 inhibitor use
had numerically higher risk of death (5 [15%] vs. 10 [6%]) than comparators, and a similar trend in unadjusted (HR
2.92, 95% CI: 0.95 to 8.99) and adjusted (aHR 2.41, 95% CI: 0.66 to 8.87) models.

Conclusion: Patients who used CD20 inhibitors for immune-mediated diseases prior to COVID-19 infection had
higher mortality than matched comparators. These results highlight the urgent need to mitigate excess risks in CD20
inhibitor users during the ongoing COVID-19 pandemic. Additional studies are needed to better stratify these risks
and guide decision-making.
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Background/Purpose: The relative risk of COVID-19 among patients with rheumatic and musculoskeletal disease
(RMD) and the comparative severity of COVID-19 infection in RMD remain uncertain. This systematic review seeks to
quantify the risk for SARS-CoV-2 infection and to describe the clinical course and outcomes of COVID-19 in people
with RMD.

Methods: A systematic literature search was conducted across 14 databases from inception to February 13" 2021.
We included observational studies and experimental trials in RMD patients reporting the following outcomes: 1) com-
parative rates of SARS-CoV-2 infection, 2) hospitalization, 3) oxygen supplementation/ICU admission/mechanical
ventilation, and 4) mortality. Studies were screened, data extracted, and quality assessment performed by two inde-
pendent reviewers with a third reviewer to resolve conflicts. The methodological quality of all included studies was
evaluated using the Newcastle-Ottawa scale or JBI Critical Appraisal Tools.

Table 1. Studies reporting comparative rates of COVID-19 infection (n=47)
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Table 2. Studies reporting comparative hospitalization, oxygen supplementation, ventilation, ICU admission rates in RMD patients (n=16)

Results: Of 5799 abstracts screened, 528 articles underwent full text review, and 100 studies met criteria for inclu-
sion. Most studies (54%) had low risk of bias. br>

47 studies reported comparative rates of SARS-CoV-2 infection in people with RMD, 15 showed increased rates,
28 no difference, and 4 decreased rates (Table 1). Adjusted comparative risk measures were reported in 8 studies; 4
reported increased risk, 4 showed no difference in risk.

70 studies reported hospitalization rates among RMD patients. Of the 11 studies providing comparative data (Table 2)
3 showed increased risk among patients with RMD, and 7 showed no significant effect. No studies found decreased
risk for hospitalization. In 5 studies reporting adjusted analyses, 2 reported increased risk, whereas 3 found no sig-
nificant differences.

In terms of oxygen supplementation (n=28 studies), 3 studies reported comparative findings: 1 showed increased
risk among patients with RMD, while 2 found no significant difference. Regarding ICU admission (n=52 studies), 11
comparative studies were identified, 2 showed increased risk among RMD patients and the remainder showed no dif-
ferences. For mechanical ventilation (n=42 studies), among 8 comparative studies, 7 showed no effect of RMD status
and 1 showed a positive correlation. Only 2 studies reported adjusted risk estimates for ICU admission/mechanical
ventilation, with 1 reporting a positive correlation, and the other, no effect.
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Table 3. Studies reporting comparative mortality rates in RMD patients (n=16)

71 studies reported mortality; 16 reported comparative mortality rates (Table 3). Of these, 5 reported increased risk, 9
no difference, and 2 decreased risk in the RMD group; notably the 3 largest studies showed increased risk. 7 studies
reported adjusted risk estimates. Compared to the general population, 2 studies reported increased mortality and 1
found no difference. Compared to non-RMD comparators 4 studies reported no difference in mortality.

Conclusion: This is the largest systematic review to date on COVID-19 in RMD. Although distillation of the overall
results was limited by study heterogeneity, a similar number of studies reported increased risk or equal risk for RMD
patients with few reporting decreased risk.
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Background/Purpose: While tumor necrosis factor inhibitors (TNFi) are widely prescribed globally due to their high
efficacy across immune-mediated inflammatory diseases (IMIDs), the impact of COVID-19 on individuals with IMIDs
receiving TNFi remains poorly understood. The objective of this study was to assess the association between TNFi
monotherapy and COVID-19-related hospitalization or death among individuals with IMIDs, compared to other com-
monly prescribed immunomodulatory regimens.
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Methods: We used data from three global COVID-19 registries of individuals with rheumatic diseases, IBD, and pso-
riasis. Healthcare providers reported COVID-19 outcomes and demographic and clinical characteristics of individuals
with IMIDs with confirmed or suspected COVID-19. We included resolved adult COVID-19 cases with a diagnosis of
inflammatory arthritis (IA), IBD, or psoriasis reported on or before February 1st, 2021. Medication exposure was de-
fined as a categorical variable with the following categories: TNFi monotherapy (reference), TNFi in combination with
MTX, TNFi in combination with AZA/6-mercaptopurine (AZA/6MP), MTX monotherapy, AZA/6MP monotherapy, and
janus kinase inhibitor (JAKi) monotherapy. The outcome was COVID-19-related hospitalization or death. Registry-
level analyses and a pooled analysis of data across the three registries were conducted using multilevel multivariable
mixed-effects logistic regression, adjusting for demographics, clinical characteristics, comorbidities, concomitant
immunomodulatory medications, and accounting for country, calendar-month, and registry-level correlations. In a
sensitivity analysis we excluded patients whose COVID-19 diagnosis was based on symptoms alone.

Results: A total of 6,077 cases from 74 countries were included. Mean (SD) age was 48.8 (16.5) years and 58.6%
were female (Table). The most common diagnoses were rheumatoid arthritis (35.3%) and Crohn’s disease (25.3%).
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*Categories are mutually exclusive. **Presumptive diagnosis was based on symptoms alone. Abbreviations: GRA:
Global Rheumatology Alliance; SECURE-IBD: Secure Epidemiology of Coronavirus Under Research Exclusion for
Inflammatory Bowel Disease; PsoProtect: Psoriasis Patient Registry for Outcomes, Therapy and Epidemiology of
COVID-19 Infection. JAKi: janus kinase inhibitor; 6MP: 6-mercaptopurine; TNFi: tumor necrosis factor inhibitor; HCQ:
hydroxychloroquine; GC: glucocorticoid; IA: inflammatory arthritis; IBD: inflammatory bowel disease.

Over one-fifth (21.3%) of cases were hospitalized for COVID-19 and 3.1% died. In the pooled analysis, compared with
TNFi monotherapy, higher odds of hospitalization or death were observed with TNFi in combination with AZA/6MP
(odds ratio: 1.7, 95% CI: 1.2-2.6), AZA/6MP monotherapy (1.8, 1.3-2.6), MTX monotherapy (2.0, 1.6-2.6), and JAKIi
monotherapy (1.8, 1.2-2.7). ORs obtained from registry-specific analyses were generally in the same direction and of
similar magnitude as those obtained from the pooled analysis (Figure). Similar findings were obtained after excluding
patients whose COVID-19 diagnosis was based on symptoms alone.

Conclusion: Among individuals with IMIDs, TNFi monotherapy is associated with a lower risk of adverse COVID-19
outcomes compared with other commonly prescribed immunomodulatory regimens. These data can help inform
treatment decisions for individuals with IMIDs during the pandemic.

TNFi monotherapy is the reference category. Pooled sensitivity analysis excludes COVID-19 diagnoses based on
symptoms alone. Odds ratios derived using multilevel multivariable mixed-effects logistic regression. Registry-level
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analyses adjusted for demographics, clinical characteristics, comorbidities, concomitant medications, and accounted
for country and calendar-month correlations. Pooled analyses additionally accounted for registry-level correlations.
Abbreviations: MTX: methotrexate; TNFi: tumor necrosis factor inhibitor; AZA/6MP: azathioprine/6-mercaptopurine;
JAKi: janus kinase inhibitor. N = 3,523 (GRA); 2,336 (SECURE-IBD); 300 (PsoProtect); 6,159 (Pooled); 5,223 (Pooled,
sensitivity analysis).
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Background/Purpose: Patients with chronic rheumatic diseases are considered to be at increased risk for some
infections, with prescribed immunomodulatory (IM) therapies increasing this risk further. It is unclear if patients with
RA or PsA receiving IM therapies are at increased risk for SARS-CoV-2 infection, and if they experience more severe
COVID-19 clinical outcomes compared with the general population. We describe the characteristics and COVID-19
clinical outcomes in this patient population.
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Methods: This descriptive retrospective cohort study (a post-approval safety study of tofacitinib [approved for RA,
PsA, and ulcerative colitis (UC) at the time of the study] in the context of the COVID-19 pandemic) used data from the
US Optum® deidentified COVID-19 electronic health record dataset (2007-2020). Adults with a COVID-19 diagnosis
(= 1 diagnosis code or positive SARS-CoV-2 laboratory test [including PCR, antibody, or antigen]) were stratified into
3 cohorts: patients with RA or PsA and evidence of treatment with IM therapy in the 2 yrs prior to COVID-19 diagnosis
(RA and PsA cohorts); and patients without a diagnosis of RA, PsA, or UC and no record of IM therapy in the 2 yrs
prior to COVID-19 diagnosis (comparator cohort). Baseline (SARS-CoV-2 diagnosis date) demographics, comorbidi-
ties, and IM therapy class were evaluated. The incidence proportions (IPs; with 95% confidence intervals) of primary
endpoints (hospitalization and intensive care unit [ICU] admission) and COVID-19 clinical manifestations/outcomes
of interest were calculated. Logistic regression was used in exploratory analyses to estimate the risk of endpoints,
adjusting for demographics (age, sex, race, region), and demographics plus comorbidities.

Results: As of December 09, 2020, there were 2,306 patients in the RA cohort, 421 patients in the PsA cohort, and
311,563 patients in the comparator cohort. Compared with the comparator cohort, patients with RA and PsA were
older and had a higher prevalence of baseline comorbidities (Table). Crude IP of hospitalization due to COVID-19 was
higher in the RA cohort compared with the PsA and comparator cohorts (Table). ICU admission (conditional on hos-
pitalization) was similar in the RA and comparator cohorts. Adjusting for demographics, COVID-19 patients with RA
had an increased risk of hospitalization and in-hospital death, compared with the comparator cohort (Figure 1). The
increased risk was also observed when adjusted for demographics plus comorbidities. Risk of hospitalization was
lower in COVID-19 patients with RA receiving TNF inhibitors (TNFi) vs non-TNFi biologics and the comparator cohort
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(Figure 2). In the RA cohort, risk of hospitalization due to COVID-19 was similar between patients receiving tofacitinib
and the comparator cohort (Figure 2).

Conclusion: Compared with the comparator cohort, patients with RA were at higher risk of more severe or critical
COVID-19; except for non-TNFi biologics, immunosuppressive therapies such as TNFi did not further increase the
risk.

Acknowledgments: Study sponsored by Pfizer Inc. Medical writing support was provided by H Findlow, CMC Con-
nect, funded by Pfizer Inc.
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2, 5, Roche/Genentech, 2, UCB, 2, CorEvitas, 2, 5, Crescendo Bio, 5; X. Zhou, Pfizer Inc, 3, 11; J. Yazdany, Pfizer,
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Background/Purpose: At the outset of the SARS-CoV-2 pandemic, it was speculated that SLE patients may be
at significant risk of developing COVID-19 due to underlying immune dysregulation and use of immunomodulatory
therapies. Our aims were to:

1. Compare SARS-CoV-2 seroprevalence pre- and intra-pandemic in a local SLE cohort to (a) ambulatory individuals tested for autoan-
tibodies, and (b) a geographically similar general population.

2. Assess rates of RT-PCR testing and positivity.

3. Evaluate relationships between SARS-CoV-2 exposure and demographic and clinical features in the SLE cohort.

Methods: Sera from 173 SLE patients were included, with pre-pandemic samples biobanked prior to 01/01/2020
and intra-pandemic samples collected from 03/15/2020 to 01/31/2021. One hundred pre-pandemic and 148 intra-
pandemic sequential, unselected sera from ambulatory individuals served as controls. All sera were tested for SARS-
CoV-2 antibodies using two FDA early use authorized assays: an ELISA measuring IgA and IgG anti-spike 1 (S1)
(Euroimmun AG, Libeck, Germany) and an xMAP® assay detecting IgG antibodies to nucleocapsid (N), S1, and
receptor-binding domain (RBD) of S1 (Luminex Corp., Austin, TX). The seroprevalence rate of a geographically similar
general population was obtained from online published jurisdiction rates. RT-PCR testing was performed in the SLE
cohort by a government-sanctioned laboratory. Differences in seropositivity between cohort and controls, and differ-
ences in demographic and clinical features between SLE patients with and without SARS-CoV-2 exposure (defined
as positive RT-PCR and/or antibodies to SARS-CoV-2) were assessed using 95% confidence intervals (Cl).

Table 1. Pre-pandemic demographic and clinical and features in the SLE cohort. Clinical features were measured at the time of the pre-
pandemic serum sample date
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Table 2. Pre- and intra-pandemic SARS-CoV-2 antibodies in SLE patients and controls

Table 3. Comparison of pre-pandemic demographic and clinical features among those with and without SARS-CoV-2 exposure (defined as
positive serology and/or positive RT-PCR) in the intra-pandemic SLE cohort

Results: The SLE cohort was 95% female with a mean age of 48.5 years (SD 14.7) and mean disease duration of
11.7 years (SD 11.3) (Table 1). Eighty-six percent were using anti-malarials, 29% corticosteroids, and 45% other im-
munomodulators.

In the pre-pandemic samples, none of the SLE cohort vs. 5 (5%) of the ambulatory controls had at least one antibody
to any SARS-CoV-2 antigens (difference (dif) -5.0%, 95% CI -9.3, -0.7%; Table 2). In the intra-pandemic samples, 6
(8.5%) SLE patients vs. 5 (3.4%) of the ambulatory controls (dif 0.1%, 95% CI -3.9%, 4.1%) and 2.9% of the geo-
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graphically similar general population (dif 0.6%, 95% CI -2.2%, 3.4%) had at least one SARS-CoV-2 antibody. Eighty-
one (47%) SLE patients received an RT-PCR test, of which 6/81 (7 %) were positive.

Within the SLE cohort, the only significant difference in pre-pandemic characteristics between those with and without
SARS-CoV-2 exposure was biologic use (0.0% vs. 7.3%; dif -7.3, 95% CI -11.3, -3.3) (Table 3).

Conclusion: Despite underlying immune dysregulation and frequent use of immunomodulatory therapies, our SLE
patients did not appear to have higher exposure to SARS-CoV-2 or greater risk of developing COVID-19 compared
to the general population. Further, none of the SLE patients had pre-pandemic (i.e., cross-reactive) antibodies to
SARS-CoV-2 N, S1, or RBD proteins. More effective use of infection control principles may contribute to reducing
SARS-CoV-2 infections in SLE.
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Background/Purpose: Many uncertainties remain for IL-6 blockers on the management of COVID-19 such as the
optimal time of intervention, the schedule of administration and predictors of response. To date, data on the use of
subcutaneous sarilumab (SAR) is scarce and no randomized controlled trial (RCT) results are available. Therefore, we
aimed at evaluating the effect of subcutaneous SAR vs standard of care (SOC) in hospitalized patients with moderate
to severe COVID-19.

Methods: Single center open-label RCT. We included admitted adult patients with documented COVID-19 infec-
tion with pneumonia confirmed by chest imaging, laboratory evidence of inflammatory phenotype and no need for
invasive ventilation. Patients were randomized from March 14th to October 30th 2020, to receive SAR or SOC in a
2:1 proportion. The experimental arm received a single 400 mg dose of SAR in two 200 mg subcutaneous injections
added to SOC. The control arm received usual supportive care as per local protocols.

The primary endpoints included 30-day mortality, mean change in clinical status at day 7 on an ordinal scale ranging
from death (category1) to discharged (category 7), and duration of hospitalization. The primary efficacy analysis was
conducted on the intention to-treat population. Secondary outcomes included time to became afebrile for 48 hours
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Table 1. Baseline clinical characteristics of the study population AST: Aspartate amino-transferase; ALT: Alanine amino- transferase; COPD:
Chronic obstructive pulmonary disease; CRP: C-reactive protein; GGT: Gamma-glutamyl transferase; IL-6: Interleukin-6; LDH: Lactate
Dehydrogenase; NIV: noninvasive ventilation; PaO2/Fi02: partial pressure of arterial oxygen/fraction of inspired oxygen; PCT: Procalcitonin. a)
02 flow < 151/min e.g. by face mask, nasal cannula (NC); b) O2 flow >15I/min, e.g. by face mask, ‘High Flow’ devices (e.g. HFNC), CPAP or NIV
including BiPAP and other devices; c¢) Corticosteroids: > 30 mg Prednisone/d or equivalent; intravenous bolus of 6-Metilprednisolone 120-125
mg/d, except 1 patient 80 mg/d; d) All radiologic exams were assessed and reported by radiologists with pneumological expertise

without antipyretics, mean change in the mentioned ordinal scale at day 14, progression to non- invasive mechani-
cal ventilation (NIMV) and invasive mechanical ventilation (IMV), time to oxygen supply independency, and adverse
events (AE). To estimate the intervention effect size, hazard ratios (HR) were estimated when feasible.
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Table 2. Primary and secondary outcomes IMV: invasive mechanical ventilation; NIMV: Noninvasive mechanical ventilation; SD: standard
deviation; SOC: Standard of care. a) Accounting for survival status by treating patients who died as having a 30-day hospital stay; b) Eleven
patients in the SAR arm and 5 in the SOC arm were febrile at randomization

Figure 1. Evolution of clinical status in COVID-19 patients from baseline to day 14 according to the 7-category ordinal scale. Data are shown
as the percentage of patients at each ordinal point.

Results: Thirty out of sixty-five screened patients underwent randomization: 20 to SAR and 10 to SOC. Most patients
were male (20/30, 67%) with a median (interquartile range, IQR) age of 61.5 (56-72) (Table 1).

At day 30, 2/20 patients died in the SAR and none in the SOC arm (Log HR 15.11, SD 22.64, p 0.54). At day 7, no sig-
nificant differences were seen in the median change on a 7-category ordinal scale (2 [0-3] vs 3 [0-3], p 0.32) (Figure
1). The median days to discharge were similar (7 [6-11] vs 6 [4-12]; HR 0.65, SD 0.26; p 0.27). No significant differenc-
es were seen for any of the secondary outcomes. In the SAR arm, 4/20 (20%) and 3/20 (15%) patients required NIMV
and IMV respectively vs none in the SOC (Table 2). Regarding safety, the rate of AE of special interest were similar in
the SAR (50%) and SOC (40%) arms.
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Conclusion: In our study, subcutaneous SAR added to SOC showed no additional benefit in 30-day mortality, clinical
status at day 7, or hospital stay.

Disclosure: S. Rodriguez-Garcia, None; I. Gonzalez-Alvaro, None; F. Abad-Santos, None; A. Bautista-Hernandez,
None; L. Garcia-Fraile, None; J. Baldivieso-Acha, None; J. Sanz-Sanz, None; R. Garcia de Vicuia, None.
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Figure 1. Facilitators of vaccine uptake in general and for SARS-CoV-2.
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Figure 2. Barriers of vaccine uptake in general and for SARS-CoV-2.

Background/Purpose: Patients (pts.) with chronic inflammatory rheumatic diseases (CIRD) are often not adequately
protected against infectious diseases. As shown in an earlier study, less than 50% of CIRD pts. were vaccinated
against pneumococci and influenza before the SARS-CoV-2 pandemic started '. High vaccination rates are critical to
achieve herd immunity. Knowledge on barriers and facilitators of vaccine uptake in CIRD pts. is limited. The aim of
this study was to characterize barriers and facilitators towards vaccines in general and specifically against pneumo-
cocci, influenza and SARS-CoV-2 in adult CIRD pts..

Methods: In early 2021, consecutive CIRD pts. completed a structured questionnaire including knowledge on vacci-
nation, attitudes, and perceived barriers and facilitators towards vaccination. A total of 12 facilitators and 11 barriers
towards vaccination was assessed in general, and specifically for vaccination against pneumococci, influenza and
SARS-CoV2. The Likert scales had 4 response options, ranging from 1 (completely disagree) to 4 (completely agree).
Patient and disease characteristics, their vaccination history and attitudes towards vaccination against SARS-CoV-2
were assessed.

Results: Of 514 prospectively recruited pts., 441 responded (85.8%) to the questionnaire (table 1). Self-reported
vaccine uptake was 48.8% against pneumococci and 66.2% against seasonal influenza. The majority (82.2%) was
willing to be vaccinated against SARS-CoV-2. The majority (>70%) had decent knowledge about vaccination, and
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Table 1. Patient and disease characteristics Table legend on the bottom: variables as mean (SD)

only < 10% doubted its effectiveness. The level of knowledge did not differ between the studied 3 vaccinations. Pts.
were more likely to rate statements about facilitators favorably compared to statements about barriers. Facilitators
for SARS-CoV-2 vaccination did not differ from vaccination in general (figure 1). Societal and organizational facili-
tators such as public vaccine campaigns or protection for high risk pts. were more commonly named compared to
inter- or intrapersonal facilitators. Protection of high-risk pts. was by far the most frequently cited facilitator. Most
pts. indicated that they were likely to receive a vaccine if their health care professional would recommend it — without
preference for GP or rheumatologist. The frequency of barriers was much lower compared to facilitators and more
barriers towards SARS-CoV-2 vaccination were reported in comparison to vaccination in general or pneumococci
and influenza, respectively. However, pts. frequently cited intrapersonal issues as barriers against vaccination. Im-
portantly, the major barrier was an inadequate risk perception between the severity of COVID-19 and the potential
adverse events of the vaccine.

Conclusion: A relatively high number of pts. was vaccinated against pneumococci and influenza, actually more than
in our last study — a probable campaign success. Importantly, more than 80% of pts. were willing to be vaccinated
against SARS-CoV-2. Facilitators were of greater significance than barriers. The high number of societal and organi-
zational facilitators enables the implementation of effective strategies to increase future vaccination rates.

Reference: 1 Kiltz et al. RMD Open 2021
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Background/Purpose: While patients with systemic rheumatic diseases (SRDs) are in general more vulnerable to
infections due to their underlying immune dysregulation and immunomodulatory therapies, data related to COVID-19
is conflicting. Early case series suggest that patients with SRD do not have more severe outcomes from COVID-19.
This contrasts with data from retrospective cohort studies which suggest that patients with SRD have higher risk
of mechanical ventilation or intensive care unit (ICU) admission than age- and sex- matched patients without SRD.
Prior studies have been limited by sample size, lack of comparator groups, and/or appropriate statistical analysis.
We used a large, multicenter cohort of patients hospitalized with COVID-19 in New York City during the first wave of
the pandemic to determine whether patients with SRD hospitalized with COVID-19 were at increased risk of severe
outcomes.

Methods: This retrospective observational cohort study included patients aged >18 years with confirmed SARS-
CoV-2 infection hospitalized at any of three NewYork-Presbyterian hospital sites from March 3-May 15, 2020. We
used chi-square tests and t-tests, as appropriate, to compare baseline characteristics, COVID-19-related symptoms,
and outcomes between patients with and without SRD. Inverse probability of treatment weighting based on propen-
sity scores (PS) was applied to a logistic regression model to assess the multivariable (MV) association between SRD
status and the primary composite outcome of mechanical ventilation, admission to the ICU, or in-hospital death.
Covariates with an absolute standardized mean (or proportion) difference (SMD) >0.10 in the PS model were adjusted
for in the MV logistic regression outcome model (Figure 1).

Results: Out of 3,680 patients hospitalized with COVID-19, 92 (2.5%) had SRD. Mean age of the cohort was 63.7
[16.9] years, and 41% were female, 29% White, and 34% Hispanic/Latinx. Compared to patients without SRD,
patients with SRD had similar age and BMI, but were more likely to be female, ever smokers, White or Black, and
less likely to be Hispanic/Latinx (Table 1). Patients with SRD had a higher proportion of coronary artery disease, hy-
pertension, and pulmonary disease, as well as use of hydroxychloroquine, corticosteroids, and immunosuppressive
medications than patients without SRD (Table 1). Although presenting symptoms were similar, patients with SRD were
more likely than those without SRD to be treated with steroids during hospitalization (51% vs. 17%, p< 0.001) (Table
2). In the weighted MV analysis, patients with SRD had an OR of 1.27 [95% CI 1.12-1.44, p< 0.001] for the composite
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outcome of mechanical ventilation, ICU admission, or death compared to patients without SRD after adjustment for
the remaining covariates with an absolute SMD >0.10.

Conclusion: During the initial peak of the pandemic in New York City, patients with SRD hospitalized with COVID-19
were 1.27 times more likely to experience mechanical ventilation, ICU admission, or death than patients without SRD.
Our findings, which used inverse weighting to balance covariates in a large observational inpatient cohort in a COV-
ID-19 “hotspot”, warrant confirmation in population-based cohorts.
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Background/Purpose: We previously showed that perceived stress during the COVID-19 pandemic was associated
with concomitant increases in symptoms of depression and anxiety. In lupus alone, perceived stress during the pan-
demic was associated with concomitant increases in patient-reported disease activity, pain, fatigue, and cognitive
functioning. We examined the role of both general and COVID-specific stress during the early stages of the pandemic
with subsequent changes in patient-reported outcomes and comorbidities among individuals with rheumatic disease

Methods: Data are from FORWARD, The National Databank for Rheumatic Diseases, a longitudinal registry of indi-
viduals with rheumatic diseases. Data are regularly collected via semi-annual questionnaires. Participants with active
emails were asked to respond to 5 COVID-19-specific questionnaires from March 25 through June 2, 2020. The COV-
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ID-19 questionnaire included an item about COVID-19-specific stress and the 4-item Perceived Stress Scale (PSS),
which assesses general stress. Both stress scale scores were transformed to 0 — 10 scores to facilitate comparison.
PROs examined were Patient Activity Score (PAS)-Il, Health Assessment Questionnaire (HAQ)-Il, and numeric rating
scales for pain, fatigue, and sleep disturbance (0=no problem, 10=severe). Comorbidity burden was measured with
the Rheumatic Disease Comorbidity Index (RDCI). Participant characteristics and baseline PRO scores were taken
from the most recent pre-COVID-19 semi-annual questionnaire. Follow-up PRO scores were from the semi-annual
questionnaire collected between July-December 2020. Predictors of PRO/RDCI worsening among respondents with
rheumatoid arthritis (RA), osteoarthritis (OA), and lupus (SLE) were identified using multiple logistic regression, focus-
ing on the role of COVID-19-specific stress and PSS, and controlling for age, sex, race, education, rural residence,
disease duration, pre-COVID-19 global disease severity rating, and the pre-COVID PRO/RDCI outcome value.

Results: 7217 participants were invited for the COVID-19 questionnaire; 2000 (28%) responded. Of these, 1135 also
responded to the July 2020 questionnaire and are included in analyses (Table 1). The frequency worsening of PROs
ranged from 12.2% for the HAQ2 to 32.4% for sleep disturbance (Table 2). 16.5% had an increase in RDCI. General
stress during the pandemic was associated with significantly greater odds of subsequent worsening of all PROs and
an increase in RDCI (Table 2). COVID-specific stress was associated with significantly greater odds of subsequent
worsening of PAS2, HAQ2, and fatigue.

Conclusion: Substantial portions of these individuals with rheumatic diseases experienced worsening in patient-
reported outcomes and comorbid conditions. General stress levels early in the pandemic were significantly associ-
ated with those subsequent changes. Results suggest an important role for stress levels in patient outcomes and
highlight the importance of the assessment of stress in clinical settings and identification of effective stress manage-
ment techniques.
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Background/Purpose: Patients with systemic rheumatic diseases (SRD) are potentially at increased risk of severe
outcomes from SARS-CoV-2 infection due to their underlying immune dysregulation and chronic use of immunosup-
pressive therapies. Older age, medical comorbidities, and steroid use have been identified as potential risk factors
for COVID-19-related hospitalization in SRD patients, but still need to be confirmed. Our study aims to identify char-
acteristics associated with severe COVID-19, characterized by mechanical ventilation, admission to an intensive care
unit (ICU), or death, in patients with SRD hospitalized for COVID-19 in a U.S. “hotspot” during the initial wave of the
pandemic.

Methods: This retrospective observational cohort study included patients aged >18 years with SRD hospitalized
for COVID-19 at one of three NewYork-Presbyterian (NYP) hospital sites between March 3-May 15, 2020. Data
were manually abstracted from the medical chart. We used chi-square tests and t-tests, as appropriate, to compare
baseline demographics, comorbidities, outpatient medications, presenting symptoms, COVID-19 treatment, and lab-
oratory values in patients hospitalized for COVID-19 with underlying SRD, stratified on the composite outcome of
mechanical ventilation, ICU admission, or in-hospital death. We also examined the prevalence of secondary clinical
outcomes in SRD patients.
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Results: Among 3,680 patients included in the NYP COVID-19 registry, 92 had an SRD (mean age 66.3 [16.5] years;
82% female, 40% White, and 26% Hispanic/Latinx; mean BMI 28.2 [6.7]). Patients with SRD and severe COVID-19
(N=35) were more likely to be older (73.5 [12.8] versus 61.8 [17.1] years), male, White or Asian, and have history of
pulmonary disease or stroke compared to patients without severe COVID-19 (Table 1). No difference in baseline
medications was noted. Both groups predominantly presented with fever and dyspnea, although the frequency of
these symptoms was higher in the non-severe group (Table 2). Patients with SRD and severe COVID-19 had higher
peak white blood cell count, creatinine, aspartate aminotransferase, and alanine aminotransferase levels; they also
had higher peak inflammatory markers, including erythrocyte sedimentation rate, C-reactive protein, ferritin, D-dimer,
lactate dehydrogenase, and fibrinogen (Table 2). There were no differences in in-hospital treatments. Thromboses,
respiratory coinfections, septic shock, cardiac complications, and renal dysfunction were more common in patients
with severe COVID-19 (Table 2).

Conclusion: Among SRD patients who were hospitalized for COVID-19 during the peak of the pandemic in New York
City, demographic factors and medical comorbidities, but not baseline immunosuppressive medication use, were as-
sociated with severe COVID-19 leading to mechanical ventilation, ICU admission, or death. We were underpowered
to perform subgroup analyses by SRD type. Future analyses are needed to evaluate the role of social determinants
of health, access to care, and geocoding.
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Background/Purpose: COVID-19 ‘long-haulers’ are individuals who experience persistent symptoms after COV-
ID-19 diagnosis. Whether this is of particular concern for rheumatic disease patients, due to their underlying immune
dysregulation and use of immunosuppressive medications, is poorly studied. We evaluated the prevalence of “long
haul” COVID-19 symptoms as well as its potential risk factors in Rheumatology outpatients in New York City.

Methods: We emailed a secure web-based survey on March 5, 2021 to 7,505 patients aged >18 years evaluated
at least once by a rheumatologist between 2018-2020 at a large Rheumatology center in New York City and who
previously agreed to participate in surveys on COVID-19. We included patients who completed a questionnaire on
COVID-19 history, and also collected data on sociodemographics, medical comorbidities, medication use, and health
related quality of life using PROMIS-29. ICD-10 algorithms identified patients with SRD. COVID-19 status was con-
firmed (self-report of a positive nasopharyngeal PCR or antigen test) or suspected (told by a healthcare provider of a
COVID-19 diagnosis); the latter was included as testing was not readily available early in the pandemic in New York.
We defined COVID “long haul” as symptoms persistent for >3 months and used descriptive statistics to compare
factors associated with this group compared to patients with COVID-19 symptoms < 1 month.

Results: Among 2572 patients (34.3%) who completed our COVID-19 questionnaire, 254 patients indicated a his-
tory of suspected/confirmed COVID-19. 142 (55.9%) patients indicated >3 months of COVID-19 symptoms and 112
(44.09%) had < 1 month. No differences in demographics were noted between the >3 months versus < 1 month
groups (Mean age 55.1 [14.6] vs. 56.9 [14.3] years; 83.1% vs. 75% female; 93.7% vs. 86.6% White, and 9.9% vs.
5.4% Hispanic/Latinx) (Table 1). COVID-19 long-haulers were more likely to have >1 or more medical comorbidities
(Table 1) and to be a current or former smoker. No difference in SRD or non-SRD status was observed; only 2 pa-
tients with long haul symptoms had Fibromyalgia. Patients with long-haul COVID-19 were more likely to have used
corticosteroids for >3 months at time of COVID-19 diagnosis (p=0.002). The long-haul group had significantly higher
frequency of most COVID-19 symptoms at presentation, most commonly chills, cough, fatigue/malaise, headache/
migraine, loss of smell or taste, muscle aches, memory/concentration problems, joint pain, and shortness of breath
(Table 2). PROMIS-29 T-scores demonstrated significantly and clinically worse anxiety, depression, fatigue and pain
in the long hauler group (Table 2).

Conclusion: Over half of rheumatology outpatients with COVID-19 reported persistent symptoms for >3 months;
these “long hauler” patients were more likely to have more medical comorbidities, a smoking history, and use chronic
corticosteroids at time of COVID-19 diagnosis. COVID-19 symptoms at presentation were more common in long-
haulers, who also reported worse quality of life. Future prospective analyses accounting for additional potential co-
variates are underway to identify risk factors in this vulnerable group.
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Background/Purpose: Observational data have shown that rheumatic patients seem not to be more susceptible to
SARS-CoV-2 infection neither to worse outcomes. However, the true prevalence of COVID-19 is still unknown due to
the high proportion of subclinical infection. In this scenario, measuring the seroprevalence of SARS-CoV-2 may be
crucial to improve the knowledge about the impact of COVID-19 in rheumatic patients.

The aim of this study is to estimate the prevalence of anti-SARS-CoV-2 antibodies in a large cohort of patients with
rheumatoid arthritis or spondyloarthritis treated with biologic (b-) or targeted synthetic (ts-) DMARDs, living in a COV-
ID-19 high-endemic area (Lombardy, Italy).

Methods: A seroprevalence cross-sectional study was conducted in the period between 4™ May and 16" June 2020,
including consecutive patients with confirmed RA or SpA treated with b- or tsDMARDs. Enrolled patients were tested

Table 1. Prevalence of anti-SARS-CoV-2 antibodies
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Table 2. |gG Anti-RBD SARS-CoV-2 seroprevalence and associated factors

for anti-SARS-CoV-2 IgG, IgM, and IgA antibodies against main viral antigens (nucleoprotein [N], receptor-binding
domain [RBD]) using ELISA. Demographical and clinical data were also collected and patients were questioned about
history of COVID-19 symptoms in order to identify potential factors that correlate with anti-SARS-CoV-2 positivity.
Results were compared with those observed in the healthy population in the same period and region [1].

Results: The study population included 300 patients (62% females, mean age 53 years), diagnosed with RA (56%),
psoriatic arthritis (23%), or ankylosing spondylitis (21%). Most patients were being treated with anti-TNF (57%), and
the remainder were receiving abatacept (20%), anti-IL6 (11%), or JAK inhibitors (5%). Four patients (1.3%) referred
a prior diagnosis of COVID-19 defined by nasopharyngeal swab. Immunoglobulin titers were evaluated resulting
in 9%, 13.6%, and 13.3% positive patients for IgG, IgM, and IgA, respectively, with no significant difference to the
healthy population. Among seropositive patients, 55.3% were asymptomatic, 16% had minor and 19.6% major
symptoms, 7.1% were hospitalized. No deaths or admission to intensive care units occurred. No differences were
found between seronegative and seropositive patients in relation to age, sex, rheumatic diagnosis, and treatments
with b- or tsDMARDs. Conversely, corticosteroids therapy was associated with an increased risk of seropositivity in
a dose-dependent manner with a significantly high OR for doses above 10 mg (OR 11.6, p 0.009). Relative increased
risk was associated with the presence of at least one comorbidity (OR 5.25; 95%CI 1.95 - 14.08, p 0.001), especially
hypertension (OR 5, p 0.001) and obesity (OR 5.4, p 0.01).
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Figure 1. Clinical manifestations of seropositive patients.

Conclusion: This study confirms that, even in a cohort of rheumatic patients, the spread of SARS-CoV-2 infection
is much greater than that observed by capturing only swab-diagnosed COVID-19 cases, but consistent with healthy
population. The underlying rheumatic disease and ongoing therapy with b/tsDMARD do not seem to impact SARS-
CoV-2 antibody positivity, which conversely seems to be associated with the presence of comorbidities and with CS
therapy. The project was co-financed by Lombardy Region 2014-2020 Regional Operational Programme under the
European Regional Development Fund.
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NV, 2, 6, Roche, 2, 6, SamSung-Bioepis, 2, 6.
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Background/Purpose: Janus kinase inhibitors (JAK-i) offer a potent mode of action to treat rheumatic diseases. Lit-
tle is known on the course and outcome of SARS-CoV-2 infections in RA patients treated with JAK-i. The aim of this
study is to describe the outcome of SARS-CoV-2 infection in RA patients treated with JAK-i in comparison to patients
treated with TNF-inhibitors (TNF-i).

Methods: In the German COVID-19 registry for inflammatory rheumatic diseases, the course and outcome of proven
SARS-CoV-2 infections are documented by treating rheumatologists. From March 30", 2020 until April 5", 2021 a
total of 2253 cases was collected. 982 were reported with RA, of which 128 were treated with JAK-i and 190 with
TNF-i. Patient characteristics and outcome of the SARS-CoV-2 infection were analysed descriptively. Differences in
characteristics were tested by the Pearson Chi-Square-Test.

Results: Median age in both treatment groups was comparable (tab.1). Concomitant glucocorticoids (GC) were
used in 50% of the JAK-i and 31% of the TNF-i patients (p < 0.001). Additional conventional synthetic (cs) disease-
modifying anti-rheumatic drugs (DMARD) were used in 29% of the JAK-i and in 49% of the TNF-i patients (p < 0.001).
Moderate and high disease activity before acquisition of the infection was more frequently reported in JAK-i patients
than under TNF-i treatment (p=0.042). Comorbidities that were recently found to be associated with a higher risk of
hospitalisation and death, namely cardiovascular disease and hypertension were also more frequent in patients with
JAK-i. Hospitalisation due to COVID-19 was necessary for 33% of patients treated with JAK-i and 13% of patients
treated with TNF-i, and oxygen treatment was required in 25% and 7% of the patients, respectively (p < 0.001). Eight
versus none (p < 0.001) fatal cases were reported in the JAK-i versus the TNF-i group.

Conclusion: The higher rate of hospitalisation and death among RA patients treated with JAK-i compared to TNF-i
is remarkable. However, this has to be interpreted with caution, since RA patients under JAK-i harboured some dif-
ferences in potentially confounding RA-related and unrelated factors like disease activity, concomitant use of GCs,
and certain comorbidities. To address this, further analyses with adjustments for baseline differences should follow.
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Table 1. Characteristics of JAK-i and TNF-i treated patients with SARS-CoV-2 infections

Disclosure: R. Hasseli, Pfizer, Novartis, Medac, Abbvie, Galapagos, BMS, Biogen, Takeda, Roche/Chugai, Janssen,
Amgen, 1, 2, 6, Pfizer, 5; B. Hoyer, Pfizer, 1, 6, Abbvie, 6, UCB, 6; H. Lorenz, None; A. Pfeil, None; A. Regierer,
None; J. Richter, Abbvie, 2, Lilly, 2, 6, Pfizer, 6, Sanofi, 2, 6; T. Schmeiser, None; A. Strangfeld, Pfizer, 6, Roche,
6, MSD, 6, BMS, 6, Abbvie, 6, Celltrion, 6; R. Voll, None; A. Krause, None; H. Schulze-Koops, Roche/Chugai, 2,
5, 6, Sobi, 6, Novartis, 2, 5, 6, AbbVie, 2, 5, 6, Amgen, 2, 6, Bristol-Myers Squibb, 2, 6, Celgene, 2, 6, Celltrion, 2, 6,



189

Chugai, 2, 6, Gilead Sciences, 2, 6, Janssen, 2, 6, Eli Lilly, 2, 6, MSD, 2, 6, Pfizer Inc, 2, 6, Sanofi, 2, 6, Galapagos, 1,
2,UCB, 1, 2; C. Specker, AbbVie, 1, 6, Boehringer, 1, 6, Chugai, 2, 6, GSK, 1, 6, Lilly, 6, MSD, 6, Novartis, 1, 6, Pfizer,
6, Roche, 6, Sanofi, 6, Sobi, 1, 6; U. Miiller-Ladner, Biogen, 6.

Abstract Number: 0098

Patients with Chronic Inflammatory Rheumatic Diseases Report a
Lower Frequency of Infections Than Controls and They Protect
Themselves Well Against SARS-CoV-2 Transmission

lulia Roman, loana Andreica, Xenofon Baraliakos, Uta Kiltz and Juergen Braun, Rheumazentrum Ruhrgebiet Herne,
Ruhr-Universitat Bochum, Herne, Germany

SESSION INFORMATION

Session Date: Saturday, November 6, 2021

Session Title: Epidemiology & Public Health Poster I: COVID-19 & Vaccination (0084-0117)
Session Type: Poster Session A

Session Time: 8:30AM-10:30AM

Table 1. Patients and disease characteristics



190

Figure 1. Vaccination willingness and its predictors as percentage.

Background/Purpose: The SARS-CoV-2 pandemic has affected life in most countries around the world for more
than a year now. It is not entirely clear if patients with chronic inflammatory rheumatic diseases (CIRD) are at in-
creased risk for COVID19, but some drugs seem to be associated with worse outcomes. Vaccination has now started
but knowledge about patients’ attitudes and acceptance to be vaccinated is limited.

To study the attitudes of patients with CIRD towards the pandemic and their acceptance to be vaccinated against
SARS-CoV-2.

Methods: In preparation of this prospective cross-sectional study, a detailed questionnaire was developed. After ap-
proval by the ethical committee, patients of our tertiary rheumatology hospital were consecutively included to answer
questions regarding the upcoming vaccination against SARS-CoV-2. A numerical rating scale (NRS) ranging from 0
(fully disagree) to 10 (fully agree) was used. A definite positive answer was assumed if ratings were 3 7. Sociodemo-
graphic and comorbidity data, a detailed history of infections, disease characteristics, medication and compliance
with hygiene rules were recorded. The data were compared with a control group consisting of patients without CIRD.

Results: A total of 514 CIRD and 100 controls were included (table 1). No significant differences were found in the
history of infections or their severity between groups. Recurrent and/or severe infections were reported by 10.5% and
4.5% of CIRD patients vs. 16% and 13% in controls, respectively. A positive PCR test for SARS-CoV-2 was found in
4%-5% of both groups. A larger percentage of CIRD patients felt that they are at increased risk of COVID 19: 60.4%
vs. 48.5% in controls (p=0.02), while 47.2% vs. 46.5%, respectively, stated to be afraid of COVID19. Only 63.7% of
CIRD patients thought that their medication is ‘immunosuppressive’. About 20% of patients in both groups reported
to have experienced COVID 19 associated deaths in their acquaintance. The compliance with hygiene rules was sim-
ilar with over 90% reporting strict adherence. More CIRD patients reported financial losses due to pandemic: 34%
vs. 19%, respectively. Slightly more CIRD patients (79.6%) than controls (76%) were willing to be vaccinated against
SARS-CoV-2. About 60% of CIRD patients thought that the vaccines are safe, while 42% were afraid of side effects
(figure 1). A generally negative attitude towards vaccination was more often found in controls.
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Conclusion: These data indicate that CIRD patients have less severe and recurrent infections than controls but most
CIRD patients think that they are at increased risk of a COVID19 infection, but they are less often afraid of being in-
fected. However, CIRD patients have adhered very well to hygiene protection measures, even though their knowledge
about their medication seems to be limited. This study also confirms that 80% of CIRD patients are ready to be vac-
cinated against SARS-CoV-2 even though many admitted fear of side effects. Less than 5% of CIRD patients have
been infected with SARS-CoV-2, not much different from the control group. More controls were general opponents
of vaccination.
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oSmithKline, 5, Novartis, 2, 5, 6, Pfizer, 2, 5, 6, Roche, 2, 6, UCB, 2, 6, Hexal, 2, 5, Chugai, 2, 5; J. Braun, Amgen,
BMS, Boehringer, Celgene, Celltrion, Centocor, Chugai, Medac, MSD (Schering-Plough),, 2, 5, 6, Novartis, Pfizer
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Background/Purpose: It has been suggested that 100% of SARS-CoV2 infections leads to development of specific
IgG antibodies that remain detectable for a long period of time. Targeted Immune-Modulating Therapies (TIMT) such
as anti-TNF, anti-interleukins and Janus Kinase inhibitors (JAKI) for treatment of Immune Mediated Inflammatory dis-
eases (IMID) could theoretically interfere with cytokine storm and humoral immune response against COVID19. We
investigate the seroprevalence of SARS-CoV2 IgG in relation to previous exposure to COVID19 and ongoing IMID
treatment in a Belgian, real-life population of IMID patients in the prevaccine era.

Methods: A cross-disciplinary, prospective, observational cohort study was set up at two university hospitals. Be-
tween 17/12/2020 and 28/02/2021, all patients with IMIDs of the joints (rheumatoid arthritis, psoriatic arthritis, spon-
dyloarthritis, the gut (Crohn’s disease (CD), ulcerative colitis (UC)), and skin (psoriasis, hidradenitis suppurativa, at-
opic dermatitis) visiting the respective clinics were asked to participate. Both patients under conventional treatment
and/or TIMT were included. Patients were asked to fill out an electronic survey (REDCap®, based on WHO-ISARIC)
and blood samples were drawn for serology testing (SARS-CoV-2 IgG Abbott — Architect kit®). Statistical analyses
were performed with SPSS26.

Results: In total 2166 IMID patients consented to take part. Of these, 1913 responded to the survey, including 415
rheumatology patients, 1217 IBD patients (64.7% CD, 34.3% UC, 1% undifferentiated colitis) and 218 dermatology
patients. There were 372 patients (19.5%) who reported having experienced symptoms suggestive of COVID19 (Fig.
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1). Fatigue (61.3%), headache (48.1%), sore throat (46.9%) and dry cough (38.7%) were most frequent symptoms.
Gastrointestinal symptoms such as diarrhoea or abdominal pain were present in less than 20.0% (Fig. 2). Ninety-six
IMID patients (5.04%) had a positive SARS-CoV2 PCR test on nasal or throat swab. In 44/96 (45.8%) anti-SARS-
CoV2 IgG seroconversion was confirmed. There was no significant difference in seroconversion rate between pa-
tients treated with TIMT compared to conventional therapy (P=0.192). Of the seroconverted group, 75.0% were
treated with TIMT. The interval between reported positive PCR date and serology test date ranged from 3 to 24 weeks
with a mean of 10 weeks. Of all survey responders, 25 were hospitalized for respiratory symptoms since 01/02/2020,
six of these had positive SARS-CoV2 PCR.

Figure 1. Number of IMID patients experiencing symptoms suggestive of COVID19 per month.

Figure 2. Frequency of experienced symptoms suggestive of COVID19 in IMID patients.
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Conclusion: Prevalence of COVID19 symptoms and number of confirmed COVID19 cases by PCR in this cohort of
IMID patients remain low regardless of treatment modality. There was no significant difference in SARS-CoV2 IgG
seroconversion rate between TIMT or conventional treatment in patients with positive PCR.

Disclosure: K. de Vlam, Amgen, 6, 7, AbbVie, 6, Celgene, 2, 5, 6, Eli Lilly, 2, Johnson & Johnson, 2, Novartis, 2,
6, Galapagos, 2, 7, UCB, 2, 6, 7; J. Geldhof, arena, 1, janssen, 1; M. Truyens, None; J. Sabino, Abbvie, 6, Falk, 6,
Takeda, 6, Janssen, 1, Ferring, 2; M. ferrante, Abbvie, 1, 2, 5, 12, Abbvie, Amgen, Biogen, Boehringer-Ingelheim,
Celltrion, Falk, Ferring, Janssen, Lamepro, Lilly, Medtronic, MSD, Mylan, Pfizer, Sandoz, Takeda, Thermo Fisher and
Truvion Healthcare, Amgen, 5, 6, Biogen, 5, 6, Janssen, 2, 5, 6, Pfizer, 2, 5, 6, Takeda, 2, 5, 6, Boehringer-Ingelheim,
2, 6, Celltrion, 2, Lilly, 2, Medtronic, 2, MSD, 2, 6, Sandoz, 2, 6, Thermo Fisher, 2, Falk, 6, Ferring, 6, Lampero, 6,
Mylan, 6, Truvion Healthcare, 6; J. Lambert, UCB, 1, 2, 5, Janssen Pharmaceutica, 1, 2, 5, Novartis, 1, 2, 5, AbbVie,
5; H. lapeere, Leo Pharma, 1, 6, Eli Lilly, 1, Abbvie, 1; T. hillary, Abbvie, 6, Almirall, 6, Amgen, 6, Biogen, 6, Celgene,
6, Janssen, 6, Leo, 6, Eli Lilly, 6, Novartis, 6, Pfizer, 6, Sandoz, 6, Sanofi, 6; a. Van Laethem, Abbvie, 6, Janssen,
6, Falk Pharma, 6; T. Lobaton, Janssen, 2, 5, 6, Takeda, 5, Amgen, 5, 6, Abbvie, 5, Ferring, 5, 6, Mylan, 5, Biogen,
2, 5, Pfizer, 5, Mundipharma, 5; s. vermeire, Abbvie, 1, 2, 5, 6, Pfizer, 1, 2, 5, 6, Takeda, 1, 2, 5, 6, J&J, 1, 2, 5, 6,
Biogen, 12, spouse is employee, Genentech/Roche, 2, 6, Galapagos, 1, 2, 5, 6, Celgene, 2; B. Neerinckx, None; P.
Verschueren, Pfizer, 12, Holder of the Pfizer Chair Early Rheumatoid Arthritis Management at the KU Leuven, Eli Lilly,
2, Nordic Pharma, 2, galapagos, 2, gilead, 2, ABBVIE, 2, Celltrion, 2, BMS, 2.
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Background/Purpose: Among patients with rheumatic and musculoskeletal diseases (RMDs) and their treating phy-
sicians, concerns prevail about the effectiveness and safety of vaccination against COVID-19, especially with respect
to triggering RMD flares. The aim of our study was to collect safety data among RMD patients receiving COVID-19
vaccines.

Methods: The German COVID-19 vaccination registry is an observational longitudinal study launched February 8",
2021. Data are entered voluntarily by RMD patients who have received at least 1 vaccination against SARS-CoV-2.
The characteristics of all patients registered until May 29", 2021 is presented here.
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Table 1. Characteristics of COVID-19 vaccinated RMD patients.

Results: So far, 866 patients reported their experience after the first COVID-19 vaccination. Median age was 54 years
(range 18-86) and 81% of the participants were female (table 1). Most of the patients (50%) were diagnosed with
rheumatoid arthritis, followed by spondyloarthritides (31%). At the time of vaccination, 33% were treated with glu-
cocorticoids, 59% with conventional synthetic DMARDSs, 23% with TNF-inhibitors, 9% with JAK-inhibitors, and 5%
with IL17-inhibitors. No immunomodulatory therapy was reported from 9% of the patients. Within the last 12 months,
42% of the patients reported no disease activity and 40% did not state further comorbidities. The most common
comorbidity was arterial hypertension (33%). Prior to COVID-19 vaccination, 77% of the patients had received ever
influenza and 57% pneumococcal vaccinations. The majority of the patients were vaccinated with Pfizer-BioNTech
vaccine (67 %), followed by AstraZeneca vaccine (28%). Most of the participants reported no or low concerns regard-
ing COVID-19 vaccination (80%) and 70% did not change their immunomodulation around the vaccination period.
The most common side effect was pain at the injection site (71%), followed by fatigue (41%), headache (33%), and
arthralgia (24%). Only 1% of the patients reported allergic reactions. Side effects lasted in median for two days (range
0-99 days) and 15% reported no relevant side effects. Disease flares after first COVID-19 vaccination as reported
by patients on a 1-10 scale was indicated in 13% of the patients. In these patients, 6% needed a change of their
immunomodulation treatment. In 41% of the cases with disease flares, increasing the GC dose was sufficient to cope
with the flares.

Conclusion: The first COVID-19 vaccination was well tolerated by the majority of RMD patients. Adverse events were
similar to those observed in the general population. Only in 13% of the patients, self-reported disease flare was indi-
cated and in these patients, only 6% needed changes in their immunomodulatory therapy. These preliminary results
support the recommendation for COVID-19 vaccination in RMD patients.

Disclosure: R. Hasseli, Pfizer, Novartis, Medac, Abbvie, Galapagos, BMS, Biogen, Takeda, Roche/Chugai, Jans-
sen, Amgen, 1, 2, 6, Pfizer, 5; B. Hoyer, Pfizer, 1, 6, Abbvie, 6, UCB, 6; H. Lorenz, None; A. Pfeil, None; J. Richter,
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Abbvie, 2, Lilly, 2, 6, Pfizer, 6, Sanofi, 2, 6; A. Regierer, None; T. Schmeiser, None; A. Strangfeld, Pfizer, 6, Roche,
6, MSD, 6, BMS, 6, Abbvie, 6, Celltrion, 6; R. Voll, None; A. Krause, None; H. Schulze-Koops, Roche/Chugai, 2,
5, 6, Sobi, 6, Novartis, 2, 5, 6, AbbVie, 2, 5, 6, Amgen, 2, 6, Bristol-Myers Squibb, 2, 6, Celgene, 2, 6, Celltrion, 2, 6,
Chugai, 2, 6, Gilead Sciences, 2, 6, Janssen, 2, 6, Eli Lilly, 2, 6, MSD, 2, 6, Pfizer Inc, 2, 6, Sanofi, 2, 6, Galapagos, 1,
2, UCB, 1, 2; U. Miiller-Ladner, Biogen, 6; C. Specker, AbbVie, 1, 6, Boehringer, 1, 6, Chugai, 2, 6, GSK, 1, 6, Lilly,
6, MSD, 6, Novartis, 1, 6, Pfizer, 6, Roche, 6, Sanofi, 6, Sobi, 1, 6.
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Background/Purpose: Persons with immune mediated Inflammatory diseases (IMIDs) are at increased risk of de-
veloping herpes zoster (HZ) and postherpetic neuralgia. In 2018, CDC recommended a highly efficacious ( >90%
efficacy) adjuvanted recombinant zoster vaccine (RZV, Shingrix) that was licensed as a two-dose series for prevention
of HZ for immunocompetent persons age >50 years. In a 2018 national survey, ~2.4% of adults age >50 years self-
reported receipt of RVZ, but RZV coverage in persons with IMIDs is unknown. We estimated the proportion of adults
with selected IMIDs who received RZV vaccination between 2018-2019.

Methods: We used medical claims data from the 2017-2019 IBM® MarketScan® (persons age 50-64 years) and
2017-2019 Centers for Medicare and Medicaid Services Medicare (persons age >65 years) databases to examine
RZV vaccination in persons with IMIDs (Rheumatoid Arthritis, RA; Ankylosing Spondylitis, AS; Axial Spondyloarthri-
tis, SpA; Psoriatic Arthritis, PsA; Psoriasis, PsO; Inflammatory Bowel Disease, IBD; Crohn’s Disease, CD; Ulcerative
Colitis, UD; Systemic lupus erythematosus, SLE). Vaccine coverage was defined as receipt of >1 RZV dose. IMIDs
were defined using all 3 of the following criteria: (a) >2 outpatient visits for their respective conditions, and (b) >1 claim
for disease-specific medications, and (c) >1 visit to a relevant specialist (rheumatologist for RA, AS, SpA, PsA, SLE;
gastroenterologist for IBD, CD, UC; dermatologist for PsO). RZV vaccination was defined using NDC and CPT codes.

Results: Among the 54,270 MarketScan enrollees with IMIDs, 14.8% received >1 dose of RZV, ranging from 11.6-
21.5% depending on condition [Table 1]. There were 160,521 Medicare enrollees with IMIDs, among whom 43.2%
had received >1 dose of RZV, ranging from 25.1-56.8% depending on the condition. Persons with RA, AS, and SPA
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had the highest proportion vaccinated and persons with PsO had the lowest proportion. Among persons who initiat-
ed RZV vaccination, two-dose series completion within 6 months was 76.6% in MarketScan enrollees as compared
to 85.5% in Medicare enrollees. Cumulative RZV vaccination and frequency of persons vaccinated monthly steadily
increased during 2018-2019 [Figure 1]. When provider specialty prescribing vaccination was known among >65 year-
olds (90% of vaccine doses), it was most frequently prescribed by physicians in family practice or internal medicine
(52.9%) and pharmacists, (14.3%), and uncommonly by rheumatologists, dermatologists, or gastroenterologists (<
1% each).

Conclusion: A substantial proportion of adults age >50 years with IMIDs have received RZV vaccination; approxi-
mately 15-25% who received the first dose of RZV did not complete the 2-dose series within 6 months. RZV vaccina-
tion with at least one dose and 2-dose series completion was higher in >65 year-olds than 50-64 year-olds. Coverage
in persons with IMIDs and in older ages may be higher than the general or younger populations because of physician
recommendation for RZV or patient perception of increased risk for HZ. Additional data on efficacy and safety of RZV
vaccination in this population, and vaccine policy recommendations may help to further increase RZV coverage.

Disclosure: J. Leung, None; T. Anderson, None; K. Dooling, None; F. Xie, None; J. Curtis, AbbVie, 2, Amgen, 2, 5,
Bristol-Myers Squibb, 2, Janssen, 2, Eli Lilly, 2, Myriad, 2, Pfizer Inc, 2, 5, Roche/Genentech, 2, UCB, 2, CorEvitas,
2, 5, Crescendo Bio, 5.
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Background/Purpose: Due to the impressive efforts of the global scientific rheumatology community, increasing
evidence about inflammatory rheumatic and musculoskeletal diseases (RMD) specific risk factors in the pandemic
has been achieved. In this analysis from the German COVID19-Rheuma registry, we analysed the risk factors for the
outcome of SARS-CoV-2 infection in patients with RMD, specifically focusing on the impact of the RMD treatment.

Methods: Data from the German physician-reported COVID-19 registry for RMD from March 30", 2020 until April 9™,
2021 were analysed. Ordinal outcome of SARS-CoV-2 infection severity was defined in three groups: neither hospi-
talized, ventilated nor deceased; hospitalized with or without non-invasive ventilation, but neither invasively ventilated
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Figure 1A-E. Results of the ordinal regression analysis. Shown are multivariable-adjusted ORs for the outcome SARS-CoV-2 infection severity
with 95% Cls, assessing the association with (A) general patient characteristics, (B) comorbidities, (C) rheumatic disease diagnoses (RMD), (D)
disease activity and glucocorticoids, and (E) rheumatic disease medications.

nor deceased; invasively ventilated or deceased. Independent associations between demographic and disease fea-

tures and SARS-CoV-2 infection-related severity were estimated by multivariable ordinal logistic regression using the
proportional odds model and reported as odds ratio (OR) and 95% confidence interval (Cl).

Results: 2,274 patients were included. Baseline characteristics are shown in table 1. 83 patients died, resulting in a
case fatality rate of 3.6%.

In the ordinal regression analysis, age, male sex, cardiovascular disease, hypertension, chronic lung diseases, and
chronic kidney disease were independently associated with a worse outcome of SARS-CoV-2 infection (fig. 1 a, b).
Compared to RA, patients with PsA showed a lower OR (fig. 1c). Disease activity and glucocorticoids (GC) were as-
sociated with severity of SARS-CoV-2 infection as shown in figure 1d.

For the analysis of the impact of RMD treatment, MTX monotherapy was used as reference. TNFi showed a signifi-
cant association with a better outcome of SARS-CoV-2 infection. In contrast, immunosuppressants (mycophenolate
mofetil, azathioprine, cyclophosphamid, ciclosporin), JAKis and rituximab were independently associated with a
worse outcome of SARS-CoV-2 infection (figure 1e).
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Table 1. Baseline characteristics stratified by SARS-CoV-2 infection severity

Conclusion: Known general risk factors for severity of SARS-CoV-2 infection such as age, male sex, and certain
comorbidities play a similar role in RMD patients. PsA patients have a better outcome of SARS-CoV-2 infection com-
pared to RA. The influence of disease activity is of great importance as patients in high disease activity - even without
GCs - have a worse outcome. Regarding RMD treatment, patients on TNFi show a better outcome of SARS-CoV-2
infection than MTX patients. The negative impact of sulfasalazin shown in the global rheumatology alliance analysis
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Table 1. Baseline characteristics stratified by SARS-CoV-2 infection severity, cont

[1] was not reproduced in this analysis. This might be due to the larger homogeneity in our data deriving from one
country, resulting in less bias. The signals showing a less favorable outcome of SARS-CoV-2 infection for immuno-
suppressants, rituximab, and JAKi could be reproduced. These associations with a worse outcome of SARS-CoV-2
infection may be attributed to residual and unmeasured confounding due to higher burden of comorbidity or cumula-
tive effect of therapies. However, the data show that the individual risk/benefit ratios for the different RMD treatments
should be carefully considered and further evaluated.

Disclosure: A. Regierer, None; R. Hasseli, Pfizer, Novartis, Medac, Abbvie, Galapagos, BMS, Biogen, Takeda,
Roche/Chugai, Janssen, Amgen, 1, 2, 6, Pfizer, 5; M. Schaefer, None; B. Hoyer, Pfizer, 1, 6, Abbvie, 6, UCB, 6; A.
Krause, None; H. Lorenz, None; A. Pfeil, None; J. Richter, Abbvie, 2, Lilly, 2, 6, Pfizer, 6, Sanofi, 2, 6; T. Schmeiser,
None; A. Strangfeld, Pfizer, 6, Roche, 6, MSD, 6, BMS, 6, Abbvie, 6, Celltrion, 6; H. Schulze-Koops, Roche/Chugai,
2,5, 6, Sobi, 6, Novartis, 2, 5, 6, AbbVie, 2, 5, 6, Amgen, 2, 6, Bristol-Myers Squibb, 2, 6, Celgene, 2, 6, Celltrion, 2,
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6, Chugai, 2, 6, Gilead Sciences, 2, 6, Janssen, 2, 6, Eli Lilly, 2, 6, MSD, 2, 6, Pfizer Inc, 2, 6, Sanofi, 2, 6, Galapagos,
1, 2, UCB, 1, 2; R. Voll, None; C. Specker, AbbVie, 1, 6, Boehringer, 1, 6, Chugai, 2, 6, GSK, 1, 6, Lilly, 6, MSD, 6,
Novartis, 1, 6, Pfizer, 6, Roche, 6, Sanofi, 6, Sobi, 1, 6; U. Miiller-Ladner, Biogen, 6.
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Background/Purpose: Retrospective studies have suggested that patients with rheumatic diseases may be at in-
creased risk of severe COVID-19 related disease, and that this risk may partly be related to specific antirheumatic
therapies. We investigated this in a large prospective controlled cohort study. The primary objective of the study was
to investigate whether patients with rheumatic diseases are at increased risk of developing severe COVID-19 man-
ifestations, defined as hospitalizations, compared to the general population. Secondary objectives were to analyze
associations between anti-rheumatic treatment and disease severity of COVID-19, and to monitor the sustainability
of SARS-CoV-2 specific IgG antibody titers over time.

Methods: All adult patients with inflammatory rheumatic diseases from the Amsterdam Rheumatology & Immunol-
ogy Center, Amsterdam and Amsterdam UMC were invited to participate in the study (Netherlands Trial Register,
trial ID NL8513). Patients were asked to register their own healthy control subject who were of the same sex and
comparable age. During follow-up, participants received three digital questionnaires assessing patient and COVID-19
related characteristics. Serum samples were collected at two different time points, and analyzed for the presence of
SARS-CoV-2 specific antibodies using a highly sensitive RBD-Ab bridging ELISA. COVID-19 cases were defined as
participants with at least one positive PCR or a positive antibody test result.

Results: Between April, 2020, and March, 2021, 3279 rheumatic patients and 1110 healthy controls were included
in the study. The mean age of patients and controls was 58 + 13 and 56 + 13 years respectively, and 1647 (63%)
patients and 626 (69%) controls were female. Diagnosis of COVID-19 was confirmed in 307 (9%) patients and 128
(12%) healthy controls. The COVID-19 related hospitalization rate was significantly higher in patients compared to
controls; 18 (6%) patients and 1 (1%) healthy control were hospitalized (P 0.02). Table 1 compares characteristics
of non-hospitalized and hospitalized rheumatic patients with a confirmed COVID-19 diagnosis. It can be seen that
patients with older age, male sex, a history of chronic pulmonary disease or diabetes, and patients who were treated
with prednisone or rituximab were more frequently hospitalized. In contrast, patients treated with hydroxychloroquine
or TNF-inhibitors were less frequently hospitalized.
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Values are displayed as mean + standard deviation (SD) or frequencies with corresponding percentages (%). BMI =
Body mass index.

Conclusion: Our data suggest, albeit based on a limited number of patients in the hospitalization group, that patients
with rheumatic diseases are at increased risk of COVID-19 related hospitalization. In addition, treatment with rituxi-
mab or prednisone seems to increase the risk of COVID-19 related hospitalization, while treatment TNF-inhibitors and
hydroxychloroquine may have protective effects.

Disclosure: L. Boekel, None; F. Hooijberg, None; E. Vogelzang, None; M. Leeuw, None; S. Atiqgi, None; R. van
Vollenhoven, Bristol Myers Squibb, 2, 5, Eli Lilly, 5, UCB, 2, 5, 6, Pfizer, 2, 6, 12, Support for educational programs;
institutional grants, Roche, 12, Support for educational programs; institutional grants, Janssen, 2, 6, AbbVie, 2, 6,
AstraZeneca, 2, Biotest, 2, GlaxoSmithKline, 2, 6, Biogen, 2, Galapagos, 2, 6, Gilead, 2, Sanofi, 2, Servier, 2, Vielabio,
2; A. Voskuyl, None; I. van der Horst-Bruinsma, None; W. Lems, None; T. Kuijpers, None; M. van Ham, None; L.
Wieske, None; F. Eftimov, None; M. Steenhuis, None; S. Keijzer, None; O. Christianawati, None; F. Loeff, None; S.
Tas, None; M. Nurmohamed, Abbvie, 4, Eli Lilly, 2, Celltrion, 2, GSK, 2, Novartis, 5, Janssen, 6, Pfizer, 5, Galapagos,
5; T. Rispens, None; G. Wolbink, None.
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Background/Purpose: Clinical trials on efficacy and safety of SARS-CoV-2 vaccines did not include patients with
autoimmune diseases. We previously demonstrated that concerns of adverse events and disease exacerbations due
to SARS-CoV-2 vaccinations are important reasons for vaccine hesitancy in this patient group. Consequently, data
on effects of SARS-CoV-2 vaccinations on patients with autoimmune diseases are urgently needed. The primary
objective was to compare the frequency and severity of adverse events following SARS-CoV-2 vaccinations between
patients with autoimmune diseases and healthy controls. Secondary objectives were to assess whether autoimmune
disease activity was influenced by SARS-CoV-2 vaccinations, and whether any vaccine (AstraZeneca, Pfizer/BionN-
Tech or Moderna) would be preferable for patients with autoimmune diseases.

Methods: On April 14", 2021, a digital questionnaire evaluating consequences of SARS-CoV-2 vaccinations was
sent to patients with systemic autoimmune diseases and healthy controls, who were enrolled in two ongoing pro-
spective cohort studies of the Amsterdam Rheumatology & Immunology Center, Amsterdam and Amsterdam UMC
(Netherlands Trial Register, trial ID NL8513 and NCT04498286). Mild adverse events were defined as annoying but not
limiting daily activities, moderate adverse events as limiting daily activities, and severe adverse events as necessity
of a visit to a medical expert. Multivariable logistic regression analyses were used to compare the occurrence of any
adverse event, and the occurrence of moderate/severe adverse events following SARS-CoV-2 vaccinations between
patients and controls. Effect modification was investigated for gender and vaccine type.

Results: On April 25", 2021, 501 patients (420 patients with rheumatic diseases and 81 patients with multiple scle-
rosis) and 184 healthy controls were vaccinated against SARS-CoV-2 and included for analyses. The mean age of
patients and controls was 63 (SD 11) and 64 (SD 11) years respectively, and 329 (66 %) patients and 119 (65%) con-
trols were female. AstraZeneca and Pfizer/BioNTech were the most commonly applied vaccines in both patients and
controls. The majority of patients and controls experienced at least one mild adverse event (56% vs. 58%), a minority
at least one moderate adverse event (23% vs. 21%), and severe adverse events were rare (1% vs. 0%). A small pro-
portion of patients (5%) reported to experience a deterioration of their autoimmune disease following SARS-CoV-2
vaccination. Results of the regression analyses are shown in table 1. After adjusting for age, gender and vaccine
type, the odds for patients and healthy controls to experience any, systemic or moderate/severe adverse event(s)
following the first SARS-CoV-2 vaccination were comparable. No effect modification by gender or vaccine type was
demonstrated.

Conclusion: Our data demonstrate that patients with autoimmune diseases are not at an increased risk of expe-
riencing adverse events from vaccination with AstraZeneca, Moderna or Pfizer/BioNTech compared to the general
population, and that the impact of these vaccines on autoimmune disease activity is minimal.
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Values are displayed as odds ratios with corresponding 95% confidence intervals and P-values. Odds ratios are ad-
justed for age, gender and vaccine type. RA = rheumatoid arthritis, MS = multiple sclerosis.
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Background/Purpose: Patients with rheumatic and musculoskeletal diseases (RMDs) remain at an increased risk
of morbidity and mortality from vaccine preventable infections, often as a result of disease activity, comorbidities,

and immunosuppressive medication.” Despite increased risk, vaccine uncertainty and hesitancy remain ongoing

Table 1. Impact of COVID-19 vaccination on SpA symptoms
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Table 2. Medication modifications due to COVID-19 vaccination

challenges among this population and continue to be observed during the COVID-19 pandemic.” Even as COVID-19
vaccinations become more accessible, relatively low acceptance of the vaccine among the general population may
negatively impact RMD populations, who would benefit from increased protection against COVID-19 iliness.?

Methods: We conducted a web-based follow-up survey of spondyloarthritis (SpA) patients in the U.S. and Cana-
da who had previously participated in a Spondylitis Association of America-sponsored COVID-19 survey. Fifteen
multiple-choice questions were designed to capture information related to COVID-19 vaccine acceptance, attitudes,
medication modification, perceived impact of vaccination on disease activity, past and present vaccine hesitancy or
refusal, and COVID-19 vaccine information sources among SpA patients. Beginning April 1% 2021, participants were
prompted to complete the follow-up questions via an email blast and social media posts.

Results: Between April 15 and April 27", 1745 self-reported SpA participants responded to the survey. Overall, 1430
(81.9%) indicated they had received at least one dose of a COVID-19 vaccine and 10.1% planned to be vaccinated in
the future. Fifty-one (2.9%) were undecided about receiving a COVID-19 vaccination and only 88 (5%) did not intend
to receive the vaccine in the future. Among the 1539 responses from vaccinated participants (multiple selections
possible), 1020 (66.3%) did not modify their SpA treatment due to vaccination, 222 (14.4%) modified a biologic, 129
(8.4%) modified an NSAID, 92 (6%) modified MTX, and 73 (4.9%) modified another medication. Among 1292 vacci-
nated participants, 997 (77.2%) indicated the COVID-19 vaccine had no effect on their SpA symptoms, 167 (12.9%)
reported worsening symptoms after the first, second, or both vaccines, and 116 (9%) indicated a change in disease
activity that they attributed to another factor, such as modified medication. Among 194 unvaccinated participant re-
sponses (multiple selections possible), 61 (31.4%) indicated fear of potential vaccine side effects as their main reason
to decline, 39 (20.1%) indicated that the vaccine wasn’t mandated and it was their right to decline, and 36 (18.6%)
indicated fear of worsened disease symptoms.

Conclusion: Willingness to receive the COVID-19 vaccine was high and uncertainty and hesitancy were low among
survey participants; over half of respondents were eager to be vaccinated. Nearly 80% of vaccinated participants in-
dicated that the vaccine had no effect on their SpA symptoms, and only 1/3 modified their SpA treatment due to vac-
cination. These findings highlight the lower impact of vaccination on SpA disease activity, and may encourage other
hesitant or unsure SpA patients concerned about increased disease activity to get vaccinated against SARS-CoV-2.
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Background/Purpose: Following SARS-CoV-2 infection, patients with rheumatic diseases seem to have similar or
slightly poorer outcomes compared with those without rheumatic disease. However, robust data is lacking to inform
our understanding of mortality and morbidity following COVID-19 infection in patients with rheumatic diseases.

Methods: The University of Utah COVID-19 database identifies all adult patients that tested positive with Covid-19 at
a University of Utah facility throughout the state of Utah. This database was used to identify and glean data from all
Covid-19 positive patients retrospectively from January 1, 2020 to March 26, 2021. Patients with rheumatic diseases
testing positive for Covid-19 were identified from this database using ICD-10 codes of the most common rheumatic
diseases, including rheumatoid arthritis, lupus, inflammatory myositis, vasculitis, spondyloarthritis, sarcoidosis, and
gout. Outcomes of interest included mortality, hospitalization, and length of stay. For each outcome, we conducted
univariable analysis and used weighted (propensity scores) and unweighted multivariable logistic regression to es-
timate odds ratio (ORs) and 95% confidence interval (Cl) based on the presence of rheumatic diseases. Age, sex,
Charleson Comorbidity Index (CCI) and BMI were included as covariates in multivariable logistic regression models.
Subgroup analysis was performed for glucocorticoids, conventional synthetic disease modifying agents (¢cDMARDs)
and biological disease modifying agents (bDMARDs) medications.

Results: The University of Utah COVID-19 database identified 39,114 patients with confirmed COVID-19 infection
with 195 deaths (0.5 %) from January 1, 2020 to March 26, 2021. 979 patients were identified with rheumatic diseases
(2.5%) (see Table 1). In weighted and unweighted multivariable logistic regression, rheumatic disease was associated
with higher odds of death (OR 1.5, 95% CI 1.01 to 2.22) and (OR 1.57, 95% CI 1.02 to 2.39), respectively. Rheumatic
disease was also associated with higher odds of hospitalization (OR 1.77, 95% CI 1.48 to 2.13). Independent factors
associated with COVID-19-related death were age (OR 1.08, 95% CI 1.07 to 1.1), male sex (2.52, 1.83 to 3.47) and
CCI (1.27, 1.21 to 1.32). In the immunosuppressants subgroup analysis, there was no evidence for a difference in
odds of death in glucocorticoids (OR 0.65, 95% CI 0.23 to 1.84), conventional synthetic DMARDs (OR 0.39, 95% CI
0.13 to 1.22) and biological DMARDs (OR 1.13, 95% CI 0.12 to 10.43).
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Table 1. Summary of Group Characteristics in a Univariate Analysis

Conclusion: Among patients with COVID-19 infection, persons with rheumatic diseases have an increased odds of
death and hospitalization compared to persons without rheumatic diseases.

Disclosure: M. Albalwi, None; B. Brintz, None; S. Beddhu, None; G. Wei, None; J. Thomas, None.
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Background/Purpose: The first COVID-19 vaccines were authorized in December 2020. However, their acceptability
remains debated and has never been evaluated in patients with chronic rheumatic disease and health care profes-
sionals (HCPs) in the Arab countries. The primary objective of this study was to assess the acceptability of COVID-19
vaccines in patients with chronic rheumatic disease and HCPs in the Arab countries and to evaluate the factors as-
sociated with acceptability.

Table 1. Characteristics of the Participants in the Arab COVID-19 Perceptions (ARCOVAX) study and Vaccination status
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Figure 1. Acceptability of the COVID-19 Vaccination in Patients and in Health Care Professionals (HCPs).

Figure 2. Factors associated with the acceptability of the COVID-19 vaccine in patients and health care professionals in the multivariable
analysis.

Methods: The ARCOVAX (Arab League of Associations for Rheumatology (ArLAR) COVID Vaccination study) utilized
an anonymous web-based survey that was adapted from the VAXICOV study (1), translated to Arabic by the authors,
and validated by the scientific committee of the ArLAR. The survey was disseminated online in three languages:
Arabic, English, and French between April 13" and May 11", 2021, through multiple social media platforms (Face-
book, Twitter, Instagram, Snapchat), patients’ associations, mass emails from ArLAR and AAAA (Arab Adult Arthritis
Awareness) group, WhatsApp messages to rheumatologists and patients, and direct invitation to patients while in the
waiting room. Acceptability was defined by participants who were already vaccinated or willing to get vaccinated;
non-acceptability was defined by participants who were undecided or refused to get vaccinated. Demographic and
disease data, perceptions about COVID-19 vaccines were presented in numbers and percentages for categorical
variables and means and standard deviations or medians and interquartile ranges for continuous variables, as appro-
priate. The factors associated with acceptability were evaluated using two separate binary logistic regression models
for patients and HCPs, respectively.
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Results: A total of 3,176 participants from 19 Arab countries completed the survey (1,594 patients and 1,517 HCPs).
The mean age of the patients was 39 years, 73% were female and 18% had a university degree (Table 1). Twenty-nine
percent of the patients were already vaccinated, versus 59% of the HCPs. Acceptability was significantly lower in
patients (63%) compared to HCPs (81%), p< 0.001 (Figure 1), and remained significantly lower when considering the
non-vaccinated participants only (p=0.006). Among the patients who were not vaccinated, 57 % of the undecided and
40% of those who refused the vaccine would be willing to get vaccinated if it were recommended by their physician.
In both patients and HCPs, acceptability was associated with a higher country gross domestic product, the feeling
that it is important to be personally vaccinated, previous Influenza vaccination, fear of COVID-19 and lower levels of
concerns regarding the vaccines side effects (Figure 2).

Conclusion: Acceptability of the COVID-19 by patients (63%) was significantly lower than HCPs (81%) but may be
substantially improved if the vaccine was recommended by the doctor. Addressing the main determinants of ac-
ceptability, i.e., perceptions regarding vaccination and concerns regarding the side effects of the COVID-19 vaccines
may facilitate the uptake of the vaccine in patients and in HCPs.

Disclosure: L. El Kibbi, None; M. Metawee, None; I. Hmamouchi, None; N. Abdulateef, None; H. Halabi, None;
M. Eissa, None; M. El Rakawi, None; B. Masri, None; F. Abutiban, None; W. Hamdi, None; A. Adnan, None; A.
Abi Najm, None; R. Felten, Janssen, 1, 2, GSK, 2, Pfizer, 6; L. Arnaud, GlaxoSmithKline, 2, 5, 6, 12, Paid Instructor,
Pfizer, 2, Astra-Zeneca, 2; N. Ziade, None.
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Background/Purpose: The mRNA-based SARS-CoV-2 vaccine has shown efficacy in large vaccine trials. Howev-
er, patients on immunosuppressive therapies including those with rheumatic disease (RD) were excluded. Recent
studies have examined the immunogenicity of SARS-CoV-2 vaccination in immunocompromised patients. We thus
conducted a systematic review and meta-analysis on the humoral immune response of SARS-CoV-2 vaccination in
patients with rheumatic disease.

Methods: We systematically searched Pubmed/Medline, Scopus, and MedRxiv from January 1, 2021- May 30,
2021 to identify eligible studies that examined the immunogenicity of SARS-CoV-2 vaccination in RD patients. In-
cluded studies provided information on proportion of RD patients who developed an immune response following the
second dose of the vaccine. Immune response was defined as development of IgG antibodies to SARS-CoV-2 S
anti-receptor binding domain (RBD) or neutralizing antibodies with cutoffs established by manufacturer. Information
on RD type and immunosuppressant use was also obtained from each study. Meta-Analysis was performed using
Comprehensive Meta-Analysis.
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Results: Our meta-analysis included eight studies (3 observational studies, 5 case-control studies) which was com-
prised of 1482 RD patients. The pooled response rate following vaccination against SARS-CoV-2 was 0.88 (95% CI
0.75-0.94). Compared to non-RD patients, RD patients had significantly decreased response to SARS-CoV-2 vac-
cination (RR 0.88, 95% 0.84-0.93). Patients on rituximab (37 %), mycophenolate (70.8%), prednisone (86.6%), and
methotrexate (91.9%) showed lower vaccine response. On the other hand, patients on TNF (100%), JAK (96.3%), and
IL-17 inhibitors (92.9%) showed higher vaccine response.

Conclusion: In this systematic review and meta-analysis, majority of RD patients developed an immune response
following second dose of SARS-CoV-2 vaccine. However, the vaccine response rate was significantly lower in RD
patients compared to controls. This is likely driven by certain immunosuppressants particularly B-cell depleting ther-
apy which can hamper the humoral immune response. Future studies need to examine the use and timing of these
immunosuppressants prior to SARS-CoV-2 vaccination.

Disclosure: A. Sood, None; V. Murthy, None; E. Gonzalez, None.
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Background/Purpose: Early studies published at the beginning of COVID-19 pandemic suggested lower risk of
COVID-19 and less severe disease course in patients with rheumatic diseases (RD). Subsequent studies have been
published worldwide since the onset of the COVID-19 pandemic with studies showing mixed results. We thus con-
ducted a systematic review and meta-analysis on the prevalence and outcomes of COVID-19 in patients with rheu-
matic diseases.

Methods: PubMed/Medline and Scopus were systematically searched from January 1, 2020 to April 31, 2021 to
identify observational and case-control studies that reported prevalence and outcomes of confirmed SARS-CoV-2
infection (by polymerase chain reaction or serologies) among patients with inflammatory and autoimmune rheumat-
ic diseases (RD). The secondary outcomes measured were hospitalization, admission to Intensive Care Unit (ICU),
use of mechanical ventilation, and death. Additional information including demographics and medication use were
obtained from each of the studies. Medications were classified by conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARD), biologic/targeted synthetic DMARD (b/tsDMARD), and glucocorticoids (GC).

Results: Our meta-analysis included 35 observational studies composed of 68,537 patients with rheumatic disease.
The pooled prevalence of COVID-19 was 0.016 (95% CI 0.008-0.031). The hospitalization rate was 0.54 (95% CI
0.46-0.62); admission to ICU was 0.12 (95% CI 0.09-0.17); death was 0.12 (95% CI 0.10-0.15). Both csDMARDs
(OR 2.21 (95% CI 1.55-3.14) and glucocorticoids (OR 2.55 (95% CI 1.13-3.61) were associated with increased risk
for hospitalization. Patients on biologic/targeted synthetic DMARDs had decreased risk for hospitalization (OR 0.56,
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95% CI 0.40-0.78). Meta-analysis of 16 case control studies showed that RD patients were at increased risk for
COVID-19 infection compared to general population (OR 1.57, 95% CI 1.35-1.82). The risk for hospitalization was
not increased compared to controls (OR 1.01, 95% CI 0.62-1.63). However, among those hospitalized, patients with
RD—compared to non-RD controls—were at increased risk for admission to intensive care unit (OR 1.05, 95% CI
0.75-1.48), use of mechanical ventilation (OR 1.20, 95% CI 0.80-1.80) and death (OR 1.17, 95% CI 1.01-1.36).

Conclusion: In this systematic review and meta-analysis, patients with rheumatic diseases had similar rate of COVID-
related hospitalization as non-RD controls. However, hospitalized RD patients had poorer in-hospital outcomes and
higher mortality. The poor in-hospital outcomes in RD population with COVID-19 may—at least in part—reflect the
use of immunomodulating medications such as glucocorticoids and csDMARDs. A counterintuitive finding from our
meta-analysis is the association of b/tsDMARDs with lower risk for hospitalization due to COVID-19. Future studies
are necessary to closely examine the risk and protective factors for severe outcomes in RD patients with COVID-19.

Disclosure: A. Sood, None; R. Gandhi, None; V. Murthy, None; E. Gonzalez, None; M. Raji, None.
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Background/Purpose: Recent studies have detailed the excess death due to COVID-19 during the pandemic, yet
few have examined these rates within a rheumatic disease population predisposed to COVID-19 and with extensive
disease characterization. We sought to investigate the risk of mortality among patients with rheumatic diseases dur-
ing 2020, and further examine aspects of those who died of COVID-19.

Methods: We studied non-deceased participants in FORWARD, The National Databank for Rheumatic Diseases, a
longitudinal observational study following patients through biannual questionnaires as of January 1, 2020. Primary
rheumatic disease diagnosis was confirmed through physicians and categorized as either inflammatory (Inflam) or
non-inflammatory (Non-Inflam) and, in a large subset, RA vs Non-Inflammatory Rheumatic Disease (NIRD) that ex-
cludes primary fibromyalgia. Mortality was confirmed through US National Death Index-matched death records from
1/1999 through recently released 12/2020. Death records were classified by conditions that appeared concomitantly
with COVID-19 to better identify possible misclassification of non-COVID-19 cases earlier in the pandemic (1). Pa-
tients were characterized at baseline or study enroliment in Forward. Cox regressions with baseline covariables were
used to investigate the risk of mortality by diagnoses. Secondary analyses examined respiratory specific causes and
those who died of COVID-19 during 2020. Finally, deaths that occurred in 2020 were compared to a similar cohort of
deaths that occurred in 2019.

Results: Among 37,853 participants, 1100 died during 2020 (2.9%) and are characterized in Table 1. Those who
died were older, more frequently had a diagnosis of RA, had worse socioeconomic status and disease measures,
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and completed fewer questionnaires. By cause of death, those with inflammatory disease or RA had increased
respiratory-specific cause of death, while those with NIRD had increased deaths related to heart failure, demen-
tia, and renal failure (Table 2). Deaths from COVID-19 were found in 81 patients, most frequently together with
respiratory-specific and diabetes diagnoses. Predictors of mortality were studied among Inflam vs Non-Inflam and
also RA vs NIRD. Adjusting for baseline confounders such as sex, age age®, disease severity, comorbidities, smoking
and socioeconomic status, HRs were 1.31 (1.09 — 1.58) for Inflam vs Non-Inflam and 1.28 (1.02-1.60) for RA vs NIRD.
For respiratory-specific deaths, the same HR were 1.72 (1.07 — 2.80) and 1.66 (0.92 — 3.00), respectively. There were
1074 deaths in 2019 and the causes of death were similar between 2019 and 2020 with the exceptions of COVID-19
and reduced other causes of death not associated with COVID-19 in 2020.

Conclusion: Using a large, multi-rheumatic disease registry and expedited NDI data, we found COVID-19 to be
recorded in 8% of all 2020 deaths and was associated with respiratory failure, diabetes, renal failure, and disassoci-

Table 1. Baseline characterization by 2020 mortality status, % (N) or mean (SD)
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Table 2. Primary cause of death in 2020 for conditions most often associated with COVID-19 by rheumatic disease diagnosis group and
COVID-19 deaths

Figure 1. Percentage of deaths in study cohort by primary cause/condition comparing 2019 vs 2020. Among 37,290 participants, 1,074
deaths occurred in 2019 while 1,110 deaths occurred among 37,853 participants in 2020.
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ated with malignancies. After accounting for confounders, risks of respiratory death in 2020 were increased among
inflammatory rheumatic diseases including RA. Follow-up analyses will formally quantify the excess mortality from
COVID-19 in patients with rheumatic diseases.
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Background/Purpose: New cases of the novel coronavirus disease (COVID-19) continue to occur even one year
since the declaration of a global pandemic. Although most people will experience mild-to-moderate symptoms, some
patients will experience severe and potentially fatal outcomes. Patients with rheumatic diseases may be at higher risk
of experiencing severe outcomes compared to the general population. The purpose of this study was to compare the
risk of hospitalization, admission to intensive care and mortality due to COVID-19 in patients with rheumatic diseases
compared to the general population.

Methods: We used administrative health data from British Columbia (BC), Canada (population 5.1M) to conduct a
population-based matched cohort study. Among all COVID-19 cases in BC between February 6, 2020 and April 15,
2021, we used ICD codes to identify all individuals with a rheumatic disease including: rheumatoid arthritis (RA), pso-
riasis/psoriatic arthritis (PsO/PsA), ankylosing spondylitis (AS), gout, systemic lupus erythematosus (SLE), and other
systemic autoimmune rheumatic diseases (SARDs, including systemic sclerosis, Sjogren’s syndrome, myopathy,
undifferentiated connective disease, and adult systemic vasculitides). All cases of COVID-19 were confirmed by a
positive SARS-CoV-2 PCR test from the provincial Centre for Disease Control. Each individual with a rheumatic dis-
ease was matched with up to 5 individuals without rheumatic disease of similar age (= 5 years), sex, month and year
of COVID-19 diagnosis and health authority. The risk of COVID-19 related hospitalization, intensive care unit (ICU)
admission, mortality after COVID-19 diagnosis, and mortality with COVID-19 listed as primary cause were compared
using multivariate logistic regression adjusting for age and Charlson Comorbidity Index score.

Results: Among the 104,508 cases of COVID-19 in BC up to April 15th, 2021, we matched 1581 individuals with RA,
1950 PsO/PsA, 378 AS, 1773 gout, 179 SLE, and 660 other SARDs to individuals without rheumatic disease. There
was a statistically significant increase in the adjusted risk of hospitalization due to COVID-19 for individulas with RA
(OR: 1.58),PsO/PsA (OR: 1.39), AS (OR: 2.16), gout (OR: 1.43), and other SARDs excluding SLE (OR: 1.71). While the
risk of ICU admissions was significantly increased only for individuals with RA (OR: 1.43), AS (OR: 2.29) and other
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Table 1. Baseline characteristics of rheumatic disease and general population cohorts

SARDs excluding SLE (OR: 1.90). Lastly, the risk of mortality was not significantly increased for individuals with rheu-
matic diseases compared to the general population.

Conclusion: Compared to individuals without a rheumatic disease, individuals with RA, PsO/PsA, AS, gout and
SARDs excluding SLE were more likely to experience severe outcomes of COVID-19 including admissions to hos-
pital and ICU. Furthermore, SLE was not associated with an increased risk of severe outcomes of COVID-19 when
compared to the general population. Our findings have important implications for patients with certain rheumatic
diseases and could inform targeted preventive measures, such as differential isolation measures, priority testing and
optimization of vaccination schedules.
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Table 2. Association between rheumatic disease status and COVID-19 outcomes
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Background/Purpose: The COVID-19 pandemic has led to a significant shift to home-based telemedicine including
video and phone-only visits in many medical specialties. However, patients may be agnostic about the relative value
and satisfaction with one form of telemedicine compared to another. Thus, the goal of our study was to determine
if patient satisfaction with phone-only visits was noninferior to video visits in rheumatology and two other medical
clinics at a large tertiary referral center in the Deep South, a region which is home to many socioeconomically disad-
vantaged older individuals.

Methods: We conducted a parallel group, randomized (1:1), single-blind, noninferiority trial comparing satisfaction
rates for two telemedicine delivery methods: phone-only (intervention group) and video visits (standard group). Adults,
age >= 60 years or with public insurance (Medicare/Medicaid) were recruited from rheumatology, family medicine,



219




220

cardiology clinics. The primary outcome was visit satisfaction rate (9 or 10 on a 0-10 satisfaction scale). Noninfe-
riority was determined if satisfaction with phone-only (intervention) versus video visits (comparator) was no worse
by a -15% noninferiority margin. We performed modified intent-to-treat (mITT) and per protocol analysis. We also
examined preference for the next visit type, whether patient concerns were addressed during the visit, and whether
patients recommended telemedicine.

Results: A total of 200 participants (87.3%), including 96 assigned to video group and 104 assigned to phone-only
group, completed surveys on average 2.7 (3.4) days post-visit. A third of the participants were recruited from the
rheumatology clinic. This population defines the modified intent-to-treat (mITT) analysis. Overall, participants who
completed the surveys were predominately women (N=136, 68%), 86 (43%) were Black with a mean age in the ear-
ly sixties consistent with the inclusion criteria, and the majority had at least some college education (N=148, 74%)
(Table 1).The satisfaction rates were higher than anticipated in both groups (78.1% for video vs 84.6% for phone-
only) and not significantly different, (p = 0.32) (Table 2). In the mITT analysis, phone-only visits were noninferior by an
adjusted difference of 3.2% (95% Cl, -7.6% to 14%). In the per protocol analysis, phone-only were noninferior by an
adjusted difference of -4.1% (95% ClI, -14.8% to 6.6%) (Figure 1). The proportion of participants who indicated they
preferred the same type of telemedicine visit as their next clinic visit were similar (30.2% versus 27.9% video versus
phone-only group, p = 0.78) and a majority said their medical concerns were addressed and would recommend a
telemedicine visit.

Conclusion: Among a group of diverse, medically at-risk patients seen in rheumatology and two other medical clin-
ics the satisfaction rate for phone-only was noninferior to video visits. Our findings provide added data on patients’
acceptance and satisfaction with different types of telemedicine in populations of concern, which can inform clinical,
regulatory, and administrative context of telemedicine and related reimbursement policies for medical care of patients
with chronic diseases during and beyond the COVID-19 era.

Disclosure: M. Danila, Boehringer Ingelheim, 5, Amgen, 1, Amgen, 5, AbbVie, 1, Pfizer, 5, Pfizer, 11, Horizon, 5,
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Background/Purpose: Little is known about the reactogenicity and related SARS-CoV-2 vaccine response in pa-
tients with chronic inflammatory disease (CID). While researchers have hypothesized increased symptomatology
following vaccine would indicate a more robust vaccine response, this has not been demonstrated in the general
population. Our objective was to characterize the adverse event (AE) profile in patients with CID receiving the SARS-
CoV-2 vaccines and to better understand the relationship between reactogenicity and immunogenicity of the SARS-
CoV-2 vaccines in patients with CID.

Methods: This study was part of a larger prospective study examining the immunogenicity and safety profile of the
SARS-CoV-2 vaccines in patients with CID. Adults with CID and healthy controls eligible to receive the SARS-CoV-2
vaccine were enrolled. Subjects participated in 3 study visits (pre-vaccine, after dose 1, after dose 2) where blood and
clinical data were collected. Assessment of AEs including local and systemic symptoms were solicited within 7 days

Table 1. Demographic and Clinical Characteristics of Participants
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Figure 1. Solicited Symptoms among Control vs. CID Patients.

of receiving each vaccine dose. Serum anti-SARS-CoV-2 spike (S) IgG* antibody titerswere quantified to assess the
magnitude of the humoral response following vaccination. Statistical analysis of solicited symptoms was performed
utilizing two sample t-test and z-test. To study reactogenicity impact on vaccine antibody response, tobit regressions
adjusting for patient status, age, gender, and vaccine type were utilized to account for left-censoring below the re-
sponse detect limit.

Results: 178 participants were included in this study including 134 patients with CID and 44 healthy controls. Demo-
graphic and clinical characteristics are shown in Table 1. Solicited symptoms among controls and CID patients are
shown in Figure 1. CID patients experienced significantly more symptoms after the 1st dose of vaccine compared to
controls (p=0.04), including more headache, myalgia and fatigue (p< 0.05). For immunogenicity, after adjustment for
covariates, a higher number of reported symptoms after the second dose was associated with higher antibody titers
(p=0.028). Each increase of one endorsed symptom was associated with 15.9% increase in antibody titer. Among all
individual symptoms (Table 2), the most strongly associated at each dose included site pain after 1st dose (p=0.04)
with 118% increase in antibody titer when present and fatigue after 2nd dose (p=0.02) with 91.6% change in antibody
titer when present.
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Table 2. Symptom measures associated with increased SARs-CoV-2 antibody titers

Conclusion: This study is one of the first to examine reactogenicity of the novel SARS-CoV-2 vaccines among pa-
tients with CID and the relationship between reactogenicity and vaccine response. We demonstrated that patients
with CID have a distinct reactogenicity profile from their healthy control counterparts with CID patients having more
numerous symptoms following 1st dose of vaccine. Furthermore, we demonstrated an association between reacto-
genicity and immunogenicity in CID patients. This finding, thus far not seen in the general population, may speak to
the more variable immunogenicity in patients with CID and could be an important indicator of vaccine response to
the novel SARS-CoV-2 vaccines.
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Background/Purpose: The best strategy for the prevention of SARS-CoV-2 infection is vaccination. Both mRNA
and vector vaccines have demonstrated a satisfactory safety profile in general population but information about their
utility in patients with immune-mediated rheumatic diseases (IMRD) is scarce. Both mRNA and viral vector vaccines
have demonstrated a satisfactory safety profile in general population but information about their utility in patients with
immune-mediated rheumatic diseases (IMRD) is scarce.

Methods: Observational prospective study conducted in a tertiary University center in Catalonia, Spain in patients
with IMRD vaccinated between January to May 2021. Patient’s information was obtained during clinical visits and
follow-up was made by telephonic interviews. Vaccination was confirmed using the electronic clinical records of the
local health system. We considered as fully vaccinated those patients with 2 doses of mMRNA vaccines and 1 for vec-
tor or patients with previous SARS-CoV-2 infection who received 1 dose. Descriptive analysis was done. This study
was approved by our hospital’s Ethical Committee.
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Results: At the end of May, 285 patients with IMRD were registered. Most of the patients were female 193 (67 %)
with a mean age of 53.2 + 14.5 years (range 18-92). Main IMRD were rheumatoid arthritis in 126 (42%), followed by
spondyloarthropathies in 61 (21%), psoriatic arthritis in 46 (16%) and systemic lupus erythematosus in 21 (7.4%)
among others (See Table).

Eight percent of patients had previous SARS-CoV-2 infection before vaccination. At the moment of the first dose,
73% of patients were in remission, 17% with low disease activity, 3% with moderate activity and only 2% with high
disease activity.

A total of 160 (57 %) patients were under DMARD treatment and 65 (22%) with glucocorticoids (mean dose 6.0 + 4.4
mg/d), 218 (76%) were under targeted therapies (207 bDMARD and 11 with JAK inhibitors). The main bDMARD used
are described in detail in Table.

A total of 128 (45%) of patients were fully vaccinated. Vaccines received included: Moderna in 73%, Pfizer/BioNTech
in 17.5%, Astra Zeneca in 9 % and Janssen in 0.4%. Eighteen and 8% of patients stop or delayed DMARD and bD-
MARD, respectively after vaccination.

Underlying IMRD flare was reported in 16 (5.6%) of patients all of them mild or moderate. Main symptoms included
arthralgias (9), arthritis (4), inflammatory back pain (2), and psoriasis (1). Only 1 patient had COVID-19 infection 1
week after first vaccine dose. A total of 153 (53%) patients reported any symptom related to vaccination, basically
injection site pain (48%), myalgias (11%), and fever (8%). One patient had oral herpes after vaccination.

Conclusion: Among patients with IMRD, the safety profile of vaccines for SARS-CoV-2 was satisfactory. Disease
flares were uncommon (5%) and mostly mild. Vaccination side effects were similar to expected for the general pop-
ulation reassuring the importance of SARS-CoV2 vaccination in patients with IMRD.
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Background/Purpose: To assess the experience, current practices, views and opinions of rheumatology providers
at Veterans Affairs (VA) facilities for the care of the patients with rheumatic disease during the COVID-19 pandemic
in 2020-21

Methods: We performed an anonymized cross-sectional survey to assess VA rheumatology provider perspective
on COVID-19 healthcare issues and resilience, from November 2020 to January 2021, and compare practices to the
baseline survey from April-May 2020 (Singh JA, ACR 2020).

Results: Of the 153 eligible VA rheumatologists, 114 (75%) completed the survey. The mean CD-RISC2 score was
6.8 (SD, 1.11; range 0-8; higher=more resilient), higher than the original survey score of 6.35 (SD, 1.26; p=0.004 and
p=0.008, respectively). The proportion of rheumatology providers who chose telephone or VVC as the best modality
for follow-up of established patients varied widely across rheumatic diseases as follows (Figure 1): (1) gout, osteo-
porosis, polymyalgia rheumatica, or osteoarthritis (OA), 90-100%; (2) stable rheumatoid arthritis (RA), stable spondy-
loarthritis (SpA) or stable lupus, scleroderma or vasculitis, 73-88%; (3) local musculoskeletal conditions or tendinitis,
45-46%; (4) lupus, scleroderma, vasculitis, RA or SpA with immunosuppressive, glucocorticoid or disease-modifying
antirheumatic disease drug (DMARD)/biologic) changes, 9-20% (Figure 1).

Compared to the original survey, the use of telephone visits was lower by 10-20%, while VVC and in-person were
higher by about 10%.

Comfort with Technology: Established Patients. Provider comfort with technology was essentially unchanged com-
pared to the original survey: (1) telephone visits, 82%; (2) VVC visits, 63%. 33% were comfortable with CVT visits,
with no previous comparator question (Figure 2). New patients. Provider comfort with technology increased com-
pared to the original survey: telephone visits, 40% vs. 25% (p=0.019); VVC visits, 47% vs. 34% (p=0.051; Figure 2).

Comfort with the Quality of Outpatient Visits and Improvement in Comfort Since June 2020 (no previous data/compar-
ator): Providers comfort with the quality of clinical encounter for established vs. new patients was as follows (Figure
3): (1) telephone, 63% vs. 27%; (2) VVC, 63% vs. 47%; and (3) CVT 32% vs. 27%. Improvement in comfort with the
quality of the clinical encounter since June 2020 for established vs. new patients was as follows: telephone, 66% vs.
46%; VVC, 67% vs. 58%; and CVT, 31% vs. 27%.

Adjusted for age, sex, and ethnicity, high provider resilience was significantly associated with a higher odds ratio
(OR) of comfort with technology and comfort with the quality of the VVC visit: (1) established patient, 1.71 (95% Cl,
0.67-4.40) and 4.13 (95% ClI, 1.49-11.44); (2) new patient, 2.79 (95% Cl, 1.11-7.05); and 2.69 (95% ClI, 1.06-6.82),
respectively.

Conclusion: Utilization of and comfort with video visits during the COVID-19 pandemic increased over time among
VA rheumatology providers, also associated with provider resilience

Disclosure: J. Singh, Crealta/Horizon, 2, Medisys, 2, Fidia, 2, PK Med, 2, Two labs Inc, 2, Adept Field Solutions, 2,
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Figure 1. Frequency of side effects by vaccine type. Asterisks indicate statistical significance (*p<0.05, **p<0.01, ***p<0.001).

Background/Purpose: Over 135 million Americans were fully vaccinated to COVID-19 by June 2021, yet there was
a paucity of data on side effects for those with autoimmune conditions commonly seen in rheumatology. Side effects
can prevent recipients from receiving a second vaccination and can be related to the immunogenicity of the vaccine
and/or recipient. The purpose of our study was to characterize the rates and types of COVID-19 vaccine side effects
in adults with rheumatic diseases and assess if there were associations with disease treatment, severity, or vaccine

type.

Methods: Data were provided by adults enrolled in FORWARD, The National Databank for Rheumatic Diseases.
Participants complete comprehensive semiannual questionnaires and were invited to answer supplemental ques-
tionnaires focused on COVID-19 vaccination in March and April 2021. Only individuals who received Pfizer-BioNTech
or Moderna vaccines were included in this study due to insufficient sample sizes for other vaccines. Vaccinated
respondents were compared by whether they reported experiencing side effects following vaccination and by vac-
cine type, with significance (p < 0.05) assessed by Student’s t-tests and chi-squared tests, as appropriate. Factors
associated with side effects were identified with logistic regression models for the full cohort and for each vaccine
type adjusted for age, sex, race, education, rural residency, BMI, physical function (HAQ-II), COVID-19-specific stress
(Likert scale), corticosteroid use, hierarchical DMARD group (reference: no DMARD), and diagnosis (reference: OA).

Results: Among 1825 vaccinated respondents, 876 (48%) reported experiencing side effects (Table 1). The most
reported side effects included arm soreness (40%), fatigue (30%), muscle aches (20%), and headache (19%). The
ranked frequency of each side effect did not differ by vaccine type, though incidence of each side effect was sig-
nificantly higher among those who received the Moderna vaccine than in those who received the Pfizer-BioNTech
vaccine (Figure 1). In the full cohort, younger age, female sex, higher education, full vaccination, and higher COVID-
19-related stress were all associated with higher risk of experiencing side effects (Figure 2). Differences by age held
true in both the Pfizer-BioNTech (OR 0.96 [0.94, 0.98]) and Moderna (0.97 [0.95, 0.99]) models. Differences by sex (OR
1.83 [1.04, 3.24]) and by COVID-19-related stress (1.5 [1.13, 2.00]) were specific to Moderna vaccine recipients, while
differences by education (1.16 [1.04, 1.30]) were specific to Pfizer-BioNTech vaccine recipients.
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Figure 2. Odds ratios and 95% confidence intervals for factors associated with side effects to COVID-19 vaccine for the full cohort (purple),
Pfizer-BioNTech vaccine recipients (blue), and Moderna vaccine recipients (red). Asterisks indicate statistical significance (*p<0.05, **p<0.01,
*k%

p<0.001).

Conclusion: Our findings of increased side effects to Moderna vaccines was consistent with the larger US popula-
tion, though our side effect rates were comparatively lower and more similar to CDC surveillance' after only the first
mRNA vaccine even after accounting for our cohorts’ older age. A lack of reactogenicity with rheumatic disease,
severity, and treatments may be reassuring for the vaccine hesitant, but additional investigation is needed to under-
stand if these lower rates are due to a potentially reduced immune response.

'Chapin-Bardales et al. 