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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune disease that involves multiple
immune cell types and biological processes. Complexity of RA in combination with
inadequate treatment responses and frequent patient relapses, underscore the necessity
to delineate the molecular mechanisms underlying the disease.

Neutrophils are the most abundant white blood cell type and the first cells that reach
the inflamed synovium. Besides releasing several inflammatory cytokines, neutrophils
also externalize chromatin fibers called extracellular traps. RA patients present
increased spontaneous formation of NETs, which indicates an important role in
pathogenesis of the disease. Moreover, our previous work revealed that RA-derived
NETs show an increased potential to induce the maturation of dendritic cells (DCs)
from healthy individuals. Mechanistically, we showed that exposure of DCs to
Collagen induced Arthritis (C1A)-derived NETs induced DC maturation characterized
by significant up-regulation of CD80 and CD86 costimulatory molecules as well as
elevated secretion of the inflammatory cytokine IL-6. In agreement, CIA-NET-treated
DCs promoted the induction of antigen-specific Thl cells in vitro. In the present
study, our main purpose was to delineate the mechanisms implicated in NET-induced
activation of DCs. For this purpose, we focused on monocytes as they represent the
progenitor cells of monocyte derived dendritic cells (moDCs) and exhibit similar
properties with DCs.

To address our hypothesis, first, we provoked NET formation with 1gG antibodies
isolated from sera of active RA patients and observed increased NET release on
healthy neutrophils as compared with neutrophils treated with 1gG isolated from
healthy volunteers. Next, we focused on the effect of RA IgG-induced NETSs on the
activation of monocytes. We measured the secreted protein levels of cytokines in
monocytes treated with NETs and observed increased expression of Tumor Necrosis
Factor alpha (TNF-a) indicative of monocytes activation.

According to recent evidence, induction of autophagy is highly linked with the
activation of monocytes. For that reason, we focused on the autophagic machinery of
monocytes. Interestingly, monocytes treated with RA IgG-induced NETs showed
decreased expression of the autophagic marker LC3 and increased expression of p62
in confocal microscopy. In Western blotting, p62 levels also tend to increase. The
above evidence suggests impaired autophagy in monocytes treated with RA 1gG
NETS.

Next, we sought to determine the intracellular signaling events mediating the NET-
dependent downregulation of monocyte autophagic machinery. To address this, we
performed flow cytometry on monocytes treated with NETs for the phosphorylated
intracellular markers of the mTOR pathway, pmTOR and pAkt and the downstream
molecules of the mTORC1 pathway, pS6 and p4EBP1 and observed increased
expression of the PI3K/Akt/mTOR axis.



To extend our findings in vivo, we used the collagen induced arthritis mouse model
(CIA). CIA bone marrow neutrophils (PMNs) present increased spontaneous NET
formation as compared with control BM PMNs. Treatment of bone marrow derived
dendritic cells (BMDCs) with CIA NETs revealed increased antigen presenting
capacity as compared with the control. Collectively, our findings indicate that RA
IgG induced NETs may promote monocyte activation through decreased autophagy
and increased PI3K/Akt/mTOR signaling pathway.



ITEPIAHYH

H pevpotoedng apbpitida (PA) elvar pia xpodvia avtodvoor acBévelo otnv omoia
EUMAEKOVTOL TOAAOTAOL KVTTAPIKOL TOTOL kol povomdtio. H moAvmAokotnto Tng
acBévelog oe cGLVOVAGUO e TNV U emttoyn Bepameio Kot TIG VTOTPOTEG TOV 0GHEVDV
EMOEIKVOOLV TNV OVAYKT) Y10 S1EPEHVNON TOV HOPLOKADV UNYOVIGUAOV TOL JETOVY TNV
acBévela.

Ta ovdeTepdPIANL AmOTEAODV TOV TOALTANOESTEPO TOTO AEVKDOV OLULOGPAIPIOV KO
elvalr n PO oudda KLTTAp®V 7oL @TAVOLY oty Gpbpwon. Extog amd v
ameAevBEP®ON  OPKETOV  QAEYHOVOODV  KLTTOPOKIVMV, TO  OLOETEPOPIAQ
anelevBepmvouy emiong tveg ypopativing mov ovoudlovior eE®KLTTOPIKES ToyideS
(NETs). MeAéteg oe acbeveic pe PA €dei&av avénuévn avtopatn amelevfépmon
NETS, yeyovdg mov vmodnAdvel To GNUOVTIKO TOVS pOAO TNV TOBOYEVELD TNG VOGOV.
Emumiéov, mponyovpevn perémn tov epyoaoctnpiov pog €deiEe 0ttt NETS mov
npoépyovtal amd PA acBeveilg mapovsiocav avEnuévn duvatdtta vo TPoKOAEGOVV
opipavon devoprtikodv kuttdpov (DCS) vyiov atdpov. Mnyoavietikd, deifape 0tL 1
éxBeon tov DCs oe NETS amopovopéva and CIA mpoxdiese opipavon tov DCs n
omoia yapaktnpiotnke and onuavtikny avénon twv CD8O kar CD86 cuvdieyeptikmv
popimv kabmg Kot oavéEnpévn Ekkpion g eAEYHovadovg Kuttapokiving IL-6. Axoun,
ta DCs mov evepyomomOnkav pe CIA- NETS mpokdriecav v evepyomoinom
avtiyovo-edik®v Thl kuttdpwv in Vitro. Lty mapovoa HeAETN, 0 KOPLOG OTOYOG LLOG
NTAV VO TEPLYPAWYOVHE TOVG UNYOVIGHOVS TOV EUTAEKOVTOL GTNV EVEPYOTOINGT T®V
DCs an6 1o NETs. T'a 10 oxomd owtd, €0TIAGOUE GTO HOVOKVTTAPO KAO®DG
Bewpovviar mpoyovikd wvttapa twv DCs mov mpoépyovioanr omd povokHrropa
(moDCs) kot Tapovctalovy TapOUOLES IIOTNTEG LE TA TPDTO.

Mo va emPePardoovpe v vedBeon pag, TPAOTO, TPOKAAEGAUE ATELELOEPOOT TV
NETSs evepyomoidvtag vy ovdetepoeira pe 1gG aviicouato mov amopovabnkay
and opovg evepyadv acBevov pe PA ko mopatmpnooape oavEnpévn omeievfépmon
NETS ota ovdetepd@ira mov gvepyoromOnkav pe 1gG avticodpota aropovouéva omd
acBeveic oe oyéon pe ekeiva mov amopovodnkay amnd vylelg eBehoviéc. L1 cuvéyeln
™mg MEAETNGC oG, eotwdoape oty emidopacn twv NETS omv egvepyomoinon tov
povokvttdpwv. Otav  petpioape to eminedo TPOTEIVIG TOV KVLTTOPOKIVOV GE
povokvttapo mov KoAlepyndnkav pe NETS kot moapatnpnoope avEnpévn €kepoon
™mg mpopAieypovmoovg kuttapokivng (TNF-a), evdeiktikn g evepyomoinong tmv
LOVOKLTTAP®V.

2oppove pe mpdoeateg ONUOCIEVCELS, 1 EMAYOYN NG OVTOQAYioG Qaivetol va,
OUVOEETOL LE TNV EVEPYOTOINGN TOV HOVOKVLTTAP®V. '’ avtdv ToV AdY0, £0TIACANE
0TO0  UNYaviopd avtogayiog TV povokvttdpwv. Ta  povoxvTttOpa  TOL
kaAAiepynOnkov pe NETS, mapovciocov HEIOUEVN EKQPOCT) TOL CLTOPOYTIKOD OEIKTN
LC3 kot avénpévn ékppacn g P62 otn cuvestiakn pikpookonia. Eriong, chpemva
pue t pébodo Western Blotting, to emimeda g p62 &dei&av Mmia avénon. Ta
TAPOTAV® OEOOUEVA VTTOONADVOVY PELMUEVT] AVTOQAYIO.



21 ovvéyeln, TPOOTOONGAUE VO TPOGOIOPIGOVIE TO EVOOKVLTTAPLN CUOTO TTOL
evBvvovtal yio TV PEl®ON NG aVTOPAYiNG G€ LOVOKVTTOPM TOL KOAMEPYNONKAY L
NETSs. I'a va aravtioovpe ce ovTd TO EPATNUO, YPNOIULOTOMcapE T HEH0do NG
KUTTOPOUETPIOG PONG YO TOVS PMGPOPLAI®UEVOVS deikteg Tov MTOR povomatioy,
pMTOR ka1 pAkt kot ta kdtwOr popra tov MTORCI povomatiov pS6 kot pAEBP1 oe

povokvttapo mov kKoAlepyndnkav pe NETS kot moapatnpnioape avEnuévn Ekppaon
tov PI3K / Akt / mTOR &&ova.



INTRODUCTION

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease with a
prevalence of 1% of the population varying among regions and genders. More
specifically, the female to male ratio is higher than 2, rising in the elderly[2]. Main
characteristic of the disease is persistent inflammation of the synovial joints causing
articular cartilage damage, resulting in stiffness, swelling, pain and loss of mobility.
Moreover, increased cardiovascular disease risk has been reported for people
diagnosed with autoimmune diseases such as RA and systemic lupus erythromatosus
(SLE) [3]. Early diagnosis of the disease is considered as a determining factor for the
improvement of life quality of the patients and can be accomplished with descriptive
review of the family history and detection of pathogenic autoantibodies against
citrullinated proteins in their sera.

The majority of RA patients develop autoantibodies against various factors,
including rheumatoid factor (RF), detected approximately in 80% of the patients and
anti-citrullinated peptide antibodies (ACPAs), present in 50-70% of the patients [4].
Recently, researchers have characterized the production of autoantibodies to
carbamylated proteins (anti-CarP) as another detrimental factor in the prognosis of
erosive RA. Genetic risk factors that have been associated with RA, predominately
implicate the HLA-DRB1 locus of the major histocompatibility complex (MHC) and
some individual genetic loci like PTPN22 and CTLA4, while the main treatments that
are used upon RA patients are disease-modifying antirheumatic drugs (DMARDS)
such as methotrexate, Biologics like Abatacept and Adalimumab and Janus associated
Kinase inhibitors like Tofacitinib [5-7].

Pathogenesis of the disease

Rheumatoid arthritis, such as other autoimmune diseases are characterized by the
presence of auto-antibodies, antibodies against proteins that are not recognized as
self-antigens. In rheumatoid arthritis, this process commences with the citrullination
of type Il collagen and vimentin. Post-translational modification of these proteins in
combination with the presence of susceptibility genes, HLA-DR1 and HLA-DR4 are
responsible for the activation of CD4 T-helper cells and B -cells and the production of
autoantibodies. Activated T cells and antibodies produced by B cells reach the joints
and secrete cytokines such as Interferon-gamma (INF-y) and Interleukin-17 (IL-17) to
recruit macrophages in the joint space. Macrophages that release tumor necrosis factor
alpha (TNF-a), Interleukin-1 (IL-1) and Interleukin-6 (IL-6), provoke the proliferation
of synovial cells. Consequently, increased levels of immune cells in combination with
proliferation of synovial cells leads to the formation of the Pannus, a thick, swollen
synovial membrane that consists of fibroblasts, myofibroblasts and inflammatory
cells. Pannus formation is responsible for cartilage damage and bone erosion since



activated synovial cells produce Proteases, proteolytic enzymes that break down the
cartilage [8-10]. On the other hand, inflammatory cytokines activate T cells to express
RANKL that binds RANK to activate osteoclasts, monocyte derived multinucleated
cells, responsible for bone erosion [8]. Additionally, the presence of Rheumatoid
Factor (RF) and anti- Citrullinated cyclic protein anti-CCP in the joint space,
promotes the activation of the Complement System, an immune complex of the innate
immune system that consist of 9 proteins. Persistent inflammation of the joint leads to
angiogenesis and the arrival of more inflammatory cells in the problematic site.
Chronic production of inflammatory cytokines may cause several issues in the
organism such as atheromatic plaque formation [11].

Innate immune system

Innate immune system was initially considered to be the first line of defense against
invading microbial pathogens. After a long time of controversy, innate immunity was
also found to contribute to the pathogenesis of autoimmune and inflammatory
diseases. It consists of four elements: epithelial cells, immune cells like neutrophils,
monocytes, macrophages, dendritic cells, natural killers and more, protein groups like
the complement system and cytokines. The complement system, an essential mediator
of inflammation, is composed of a family of proteins that cooperate in order to
opsonize pathogens or dying cells, enhance phagocytosis and recruit effector cells to
the inflammation site. Monocyte progenitor cells play a key role in the innate immune
system since they have the ability to differentiate to macrophages, osteoclasts and
dendritic cells. Macrophages, together with B cells and DCs perform antigen
presentation to T cells and trigger adaptive immune responses. DCs that are activated
by Toll-like receptor (TLR) signaling produce cytokines or express critical co-
stimulatory molecules, CD80 and CD86, that interact with CD28 on T cells. In RA,
the constant/successive expression of macrophage-derived cytokines such as tumor
necrosis factor a (TNF-a), interleukin-1 (IL-1) and interleukin-6 (IL-6) produced by
monocytes, macrophages and DCs, indicates persistent activation of the innate
immune system. Moreover, the solid presence of these population in the inflammatory
milieu such as the synovium, describe the role of innate immune system in the
progression of the disease [12].

Neutrophils

Neutrophils represent the first line of defense in response to invading
microorganisms as the most abundant type of white blood cells reaching
approximately 60% of the white blood cell count. They also represent the majority of
leukocytes in inflamed joints and they are the first cells that reach the synovium.
Activated neutrophils have been shown to secrete immunologic factors such as
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interleukins (IL-1, IL-6, 1L-12), cytokines like transforming growth factor B (TGF-p),
tumor necrosis factor alpha (TNF-a) and other molecules that result in acute and
persistent inflammation. Thus, they have been firmly connected to more than one
autoimmune disease including SLE and psoriasis [13].

Neutrophils are extensively studied for their ability to release Extracellular Traps
(NETSs), networks consisting of chromatin fibers and antimicrobial proteins. Except
for their capability to trap bacteria, NETs have also been shown to trigger
autoimmunity via cytokine release and differential cell activation. Peripheral blood
neutrophils from RA patients show greater capacity in NET formation than
neutrophils isolated from healthy donors and enhanced NETosis has been also linked
with the presence of ACPAs and RF in RA sera and the production of IL-17A and
TNF cytokines. Moreover, neutrophils express protein arginine deiminases (PADA4),
an enzyme that catalyzes the hydrolysis of peptidyl-arginine to citrulline, a post-
translational modification on histones, enolase, vimentin, filaggrin and other proteins.
These citrullinated proteins exposed in NETs can be utilized as autoantigens,
recognized by ACPAs [14-16].

Neutrophils in RA

Neutrophils are the most abundant cell type located in the synovial fluid that
accumulate in the arthritic joints. In animal studies of autoantibody-induced arthritis,
neutrophils have been reported to migrate to affected areas early in the disease
progression where they perform inflammatory responses. Similar findings have been
proposed in CIA model studies. Additionally, RA synovial neutrophils secrete various
cytokines and chemokines including TNF ligand superfamily member Il (RANKL)
and TNFSF13 or BAFF that activate osteoclasts and B cells. Overall, strong presence
of neutrophils in the inflamed sites suggests a remarkable role in disease progression,
however, their role in disease initiation remains elusive [14, 15].

Dendritic cells

In RA pathogenesis, dendritic cells (DCs) seem to significantly contribute to the
initiation of joint inflammation. They express high levels of class | and Il MHC
molecules and act as antigen-presenting cells, inducing T cell differentiation.
According to clinical research, RA patients present decreased number of DCs
circulating in the periphery and increased number of DCs in the inflammatory sites.
Myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) are the two more prominent
subpopulation of dendritic cells located in the synovial fluid. However, mDCs are
more efficient in antigen presentation than pDCs. Both subpopulations contribute to
disease pathogenesis and progression by secreting various cytokines including TNF,
IL1, IL-12, IL-6, Interferons (IFNs) as well as differentiation factors, including
macrophage colony stimulating factor (MCSF) and fibroblast growth factor (FGF).
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Monocyte-derived DCs (moDCs) are an acceptable and widely used DCs model.
Peripheral blood monocytes are isolated with CD14+ beads and cells are
differentiated in vitro into DCs when cultured with granulocyte macrophage colony-
stimulating factor (GM-CSF) and IL-4 [17].

Monocytes/Macrophages
. + Secrete pro-inflammatory cytokines
j/a\ * Release matrix metalloproteinases leading to joint destruction
Healthy , Arthritic Q«‘J- + Induce apoptosis of parenchymal and stromal cells

+ Clear up these dead cells by phagocytosis

Dendritic Cells (DC)

+ cDCs present autoantigens that activate autoreactive T and B
lymphocytes

+ ¢DCs and pDCs release pro-inflammatory cytokines

+ cDCs can be tolerigenic by inducing Treg differentiation

,\ : Neutrophils
[ N ¥ * Generate ROS that cause tissue damage
T ! ‘, + Express PADI4 enzyme that leads to citrullinated proteins
\J * Release pro-inflammatory mediators and cytokines
\ * Exude NETS that contain autoantigens

Natural Killer Cells (NK)

6 -\'\ +CD56"™ promote TNF production by neaby moncytes and
?‘./' contribute to bone destruction
N * Release Granzyme B that may generate new autoantigens and

cause direct cartilage damage

Innate Lymphoid Cells (ILC)

y EY +ILC1 and ILC3 cell numbers increase in LN of RA patients

(‘ . ) + ILC2 have protective effects and their numbers are lower in RA
\J +ILC3 produce excessive IL-17 & IL-22 - inflammation

Image 1: Ali A. Abdul-Sater, Review in Biomedical Journal, 2020

Contribution of various innate immune cells to RA pathogenesis. Monocytes, macrophages, dendritic cells,
neutrophils, natural killer cells and innate lymphoid cells play a key role in the early stages as well as in the
progression of rheumatoid arthritis.

Cytokines implicated in RA pathogenesis

TNF alpha

Cytokines such as TNF-a that are highly detected in the serum and the synovial
fluid of RA patients as compared to control groups, seem to regulate multiple
inflammatory processes related to the pathogenesis of the disease and have been
linked to the promotion of osteoclastogenesis and bone erosion. TNF is a
proinflammatory cytokine that is mostly secreted by monocytes, macrophages, T
cells, NK cells, mast cells and neutrophils and binds to TNFR1 (p55) and TNFR2
(p75), two functionally distinct receptors. TNF that is secreted in the inflammatory
site by synovial macrophages and lymphocytes infiltrating the synovium, induces the
proliferation of fibroblast like synoviocytes (FLS) and mediates joint destruction by
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stimulation of matrix degrading enzyme production (MMPs). Anti-TNF therapies like
Infliximab, Adalibumab and Etanercept have been widely used for the treatment of
RA patients particularly, for those that disease-modifying antirheumatic drugs
(DMARD:Ss) have failed [18].

Interleukin-6

Interleukin-6 has been proven to act as both proinflammatory and anti-inflammatory
cytokine. In general, IL-6 expression participates in host defense against infectious
agents and tissue injuries inducing immunological and hematopoietic responses. This
cytokine is produced by macrophages, neutrophils, T cells, B cells and other cells.
Nevertheless, uncontrolled and excessive expression of this cytokine might contribute
to the development of various immune-mediated diseases. In a study that enrolled. RA
patients, IL-6 was detected in elevated levels in their serum and synovial fluid [19].
Additionally, IL-6 levels are correlated with the activity of the disease, since it can
mediate chronic inflammation interacting with macrophages, neutrophils and T cells,
support persistent activation of autoimmunity through B-cell maturation and Th-17
differentiation and promote synovitis and joint destruction by stimulating neutrophil
migration and osteoclast maturation. In general, decreased levels of IL-6 are used as a
prognostic marker for better clinical outcome. Treatment with DMARDs or TNF
inhibitors reduced IL-6 levels in patients’ sera [18].

Autophagy

Autophagy is an important mechanism responsible for the degradation of
cytoplasmic components. Except from providing additional energy, autophagy is
necessary for the degradation of intracellular pathogens, damaged organelles and
protein aggregates. The steps of autophagy are initiation, elongation, autophagosome
formation and fusion of the autophagosome with the lysosome for the formation of
autolysosome. Protein aggregates and pathogens will be degraded in the lysosome.
However, the most significant step of autophagy is the autophagosome formation
through the coupling of microtubule-associated protein light chain 3 (LC3) with
phosphatidylethanolamine. LC3 consists of a soluble form (LC3-I, 18kDa) and a
lipidated form (LC3-II, 16kDa). The LC3-binding adaptor, sequestosome 1 or p62,
binds ubiquitinated substrates and carries them to autophagosome for their
degradation. Decreased p62 levels have been related with autophagy activation.
Overall, dysfunctional autophagy has been connected in many scientific reports with
various autoimmune diseases including Rheumatoid Arthritis [1, 20, 21].

PI13K/Akt/mTOR pathway

The mammalian target of rapamycin (mTOR), is a phosphatidylinositol 3-kinase-
related kinase that can be found in two structurally different complexes, mTORC1
and mTORC2. In general terms, mTOR acts upstream of various transcription factors
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and controls pathways linked with protein synthesis, degradation and cellular growth.
Phosphorylation of mTOR is accomplished by the serine/threonine protein kinase Akt
or Protein Kinase B that is involved in various cellular survival pathways. mTORC1
is also responsible for the phosphorylation of p70 ribosomal kinase (S6) and 4E-
binding protein 1 (4EBP1), key regulators of mRNA translation that are frequently
upregulated in breast cancer [22]. Autophagy, has been tightly connected with the
MTORC1 complex since inhibition of MTORC1 induces autophagy by controlling the
activity of the ULK, a protein kinase complex that is essential for autophagosome
formation. More specifically, the transcription factor EB (TFEB) has been reported to
drive expression of autophagic and lysosomal genes in a MTORC-1 depended manner
[23].

Treatments

Early treatment of Rheumatoid Arthritis is critical in order to control the progression
of the disease and prevent cartilage and bone erosion and joint destruction. Nowadays,
several classes of drugs with distinct models of action have been developed. The
main treatments that are used for RA are DMARDs such as methotrexate, Biologics
like Abatacept and Adalimumab and Janus associated Kinase inhibitors like
Tofacitinib. Methotrexate is targeting adenosine signaling, in order to downregulate
the production of TNF and NF-kB and suppress the activation of T-lymphocytes.
Abatacept is a fusion protein consisting of the extracellular domain of human
cytotoxic T lymphocyte-associated antigen 4 (CTL4) and a genetically modified
fragment of the Fc region of IgG1l. This drug specifically blocks the CD80/CD86
binding on T cells in order to inhibit T cell activation and restrain immune responses.
On the other hand, Adalimumab (ADA) is a recombinant human IgG1 monoclonal
antibody that binds to both soluble and membrane form of TNF-a with high affinity
and suppress their signaling. Tofacitinib is an inhibitor of JAK 1 and, effective in
moderating severe RA as monotherapy or in combination with MTX. However,
multiple side effects and increased risk of thrombosis and pulmonary embolism or
incomplete effectiveness of these drugs may lead to the disruption of the treatment.
To this end, it is of high importance the delineation of the mechanisms implicated in
RA pathogenesis for therapeutic intervention in a personalized level. [6, 24-26].
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Collagen induced Arthritis

Collagen induced arthritis represents the most usual in vivo model for the study of
RA since it shares various similarities with human RA. The main common
characteristics are generation of autoantibodies against self and collagen and tolerance
rupture. Since CIA model was introduced initially in rats, many mouse strains that
carry MHC Class Il 1-Aq haplotypes, have been reported to be susceptible in CIA
induction presenting variable degree of susceptibility. (In RA patients, HLA-DR1 and
HLA-DR4 serotypes have been linked with disease pathogenesis.) Moreover, CIA
development is related with both B- and T- lymphocyte responses including the
production of anti-collagen type Il antibodies and collagen-specific T cells. DBA/1
mice are more widely used in the in vivo studies of arthritis in mice [27].
Approximately, 21-25 days after initial inoculation, mice present several symptoms
such as cartilage and bone erosion and synovial hyperplasia. The peak of the disease
inflammation and symptom severity is visible up today.
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AIM OF THE STUDY

To delineate the mechanism of NET induced monocyte activation. Specifically, to
study the autophagic pathway of monocytes upon NET treatment.

OBJECTIVES

To explore the autophagic machinery of net induced monocyte activation in human
and in Collagen induced arthritis CIA mouse model

16



MATERIALS AND METHODS

Human monocyte isolation from peripheral blood

Heparinized blood (20ml) was collected from healthy donors and peripheral blood
mononuclear cells (PBMCs) were isolated on Lymposep cell separation medium
(Biowest) density gradient. Briefly, peripheral blood from healthy donors was diluted
1:1 with phosphate-buffered saline (PBS). and overlayed gently onto Lymposep cell
separation medium 2:1. Density-gradient centrifugation was performed at 1800 rpm
for 30 minutes, at room temperature (RT), without brake to obtain PBMC layer. The
intermediate white phase that contains the PBMC fractions was collected with a poire.
Cells were washed using sterile PBS and erythrocytes were eliminated according to
hypotonic lysis method. Lysis was performed by resuspending the cells in water for
injection for 30-60 seconds and erythrolysis was blacked with NaCl 1,8%. For each
wash sterile PBS was used. Cell viability was validated with Trypan Blue dye.
Monocytes were magnetically isolated with positive selection using CD14
MicroBeads (Miltenyi Biotec) according to MACS cell separation protocol.

Isolation of PMNs

Human peripheral blood (PB) PMNs were isolated from heparinized blood using
density gradient separation according to the protocol [28]. Briefly, a double gradient
was formed by layering an equal volume of Lymphosep (Biowest) over histopaque-
1119 (Sigma). Venous blood was collected in heparinized tubes and carefully layered
onto the upper Lymphosep. The blood was centrifuged at 1950rpm for 30 min,
without brake. Ganulocytes were collected from the bottom interphase. The cells were
washed with PBS and erythrocytes were eliminated by hypotonic lysis (0.5ml ddH20
for 35s and 0.5ml 1.8% NaCl). Viability was measured 99% by trypan blue dye
exclusion.

Formation of Neutophil extracellular traps (NETS)

Isolated neutrophils were plated in 12-well plates (1,5*10° cells/ well) and cultured
in RPMI 1640 without phenol (Pan Biotech), 1% Fetal Bovine Serum (FBS), 1%
penicillin/ strepdavidin. Neutrophils treated/activated with 1gGs isolated from healthy
or RA sera for 3 hours at 37°C, 5% COg, in order to achieve NET formation. For the
isolation of NETSs, 300ul out of 400ul medium were discarded and renewed. The plate
was placed on a shaker for 3 min, 800 rpm to dislodge NETs. The total content of the
wells was transferred into 1,5ml eppendorfs and centrifuged for 5min, 4°C, at 120g.
The supernatants, that contain the NETS, were kept in -80°C until further use.
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Isolation and purification of healthy and RA 1gGs

Isolation of IgGs from healthy and RA sera was performed according to Melon Gel
IgG Spin Purification Kit instructions (Thermo Scientific). Purification Buffer from
Melon Gel purification kit was removed with Amicon Ultra Centrifugal Filter Devices
(Millipore).

NET quantification with Sytox green

Neutrophils were cultured in RPMI without phenol red. Isolated NETs were applied
in 96-well dark plate. Sytox Green nucleic acid stain (Thermofisher) was used in
0.2uM concentration. Fluorescence (excitation 485 nm, emission 520 nm) was
measured in a fluorescence plate reader and results were reported as DNA
fluorescence (RFU). Bacterial phage lamda DNA in 0 to 1000ng/ml concentrations
was used as a control.

PRIMARY CELL CULTURE

Monitoring NET-mediated monocyte activation using flow cytometry

2,5%10° magnetically isolated healthy monocytes were cultured in flat-bottom 96-
well and cultured in RPMI-1640 supplemented with 10% FBS, 100 1U/mL penicillin
and 100pg/mL streptomycin and kept at 37°C and 5% CO2. Monocytes were treated
with different concentrations (500 ng/ml, 200ng/ml, 150 ng/ml) of isolated NETSs for
18 hours. Lipopolysaccharide (LPS) was used as a positive control of monocyte
activation. Culture supernatants were collected and stored at -80°C for measuring
cytokine secretion using ELISA, while monocytes were detached with cold PBS.
Cells were centrifuged at 400g for 10 min and prepared for flow cytometry.
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Flow cytometry

Human single-cell suspensions were prepared and cells were stained for surface
markers for 20 min at 4°C in 5% FBS/PBS. Fluorochrome- conjugated antibodies
against human: CD14 (Biolegend) was used to identify monocyte population. anti-
HLA-DR, anti-CD80, anti-CD86, anti-CD40 conjugated antibodies (Biolegend) were
used as maturation-activation markers.

For intracellular phospho protein staining, cells were fixed with 1,5% PFA for 10
min and iced cold methanol for another 10 min. Monocytes we washed with 1%
PBS/BSA buffer and stained with conjugated antibodies against human pmTOR,
pAKT1, pS6 and p4EBPL1 (Invitrogen). Samples were acquired on a FACS Calibur
(BD Biosciences) and analyzed using the FlowJo software (Tree Star).

Mice BMDCs were prepare and stained for surface markers CD11c, CD80, CD86
and MHC II.

Table 1 : Antibodies used for flow cytometry

Marker Color Reactivity Company Lot number
CD14 FITC Human Biolegend B268830
CD40 FITC Human Bioscl?;g]ces 19533
CD80 APC Human Biolegend B297923
CD86 PE Human Biolegend B307923
HLA-DR PerCP Human Biolegend B273764
pmTOR PE human, mouse Invitrogen 12-9718-42
pAkt APC human, mouse Invitrogen 17-9715-42
pS6 APC human, mouse Invitrogen 17-9007-41
p4EBP1 PE human, mouse Invitrogen 12-9107-41
CD80 PE Mouse BioLegend 104707
CD86 PerCP Mouse BioLegend 105025
MHC |1 FITC Mouse BD 553551
CDl1c APC mouse BioLegend 127614
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Detection of cytokines

Detection of human IL-6 and TNF-a levels derived from freshly isolated human
monocytes was performed by sandwich ELISA, following the manufacturer’s
recommendations (Invitrogen). Light absorbance at 450 nm was measured using the
ELx800 Biotek plate reader. All samples were assessed in duplicates.

Immunofluorescence

Magnetically isolated monocytes were seeded onto coverslips coated with 10%
poly-L-Lysine and cultured at 37°C, 5% CO>. Cells were treated with the isolated
NETSs overnight (18h). Then, coverslips were washed with PBS and cells were fixed
with 100% methanol for 5min in RT, blocked and permeabilized with blocking buffer
(2% BSA, 0.1% Saponin) for 30min in RT. Primary anti-human antibodies for LC3
(host: mouse) and p62 (host: rabbit) were applied for 1h. Secondary antibodies anti-
mouse 555 (for LC3) and anti-rabbit 488 (for p62) were also incubated for 1h. Three
washes with 0.5% BSA/PBS were performed between all stainings. For visualization
of the nuclei DAPI (Sigma-Aldrich) was used. After staining, coverslips were
mounted with Mowiol and visualized using inverted confocal live cell imaging system
Leica SP8. Intensity/cell was calculated using the Leica software. Puncta/cell were
calculated using a macro developed in Fiji software.

Western blot analysis

2*10° magnetically isolated healthy monocytes were placed in 24-well plates and
treated with NETs overnight. The next day, culture medium was discarded and cells
were lysed with RIPA buffer after supplementation of protease and phosphatase
inhibitors), for 15 minutes on ice. The mixture was transferred to 1,5ml Eppendorf
tubes and centrifuged at 13.000g for 15 min at 4°C. Lysates were collected and
protein concentration was measured with Pierce BCA Protein Assay Kit — Thermo
Fischer Scientific. 40 pg protein/ sample were subjected to SDS-PAGE
electrophoresis on 12% gels and then transferred to a PVDF Immobilon-Psq
membrane (Millipore). Membranes were blocked with 5% BSA in TBST and then
incubated with anti-LC3 1:1000 (Novous Biologicals), anti-P62 (Abnova), and anti-
actin (1:2000). Detection was performed using HRP-linked Abs and Immobilon Forte
Western HRP substrate (Sigma Aldrich).
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CIA induction and scoring system

For the induction of Collagen-induced Arthritis (CIA), C57BL/6 mice were injected
intradermally at the base of the tail with 100 ul complete Freund’s adjuvant (Sigma-
Aldrich), containing 5mg/ml inactivated Mycobacterium tuberculosis (H37RA Difco)
and 2mg/ml type 1l chicken collagen diluted in 10mM acetic acid. The first day of
injections is counted as day O followed by a boost immunization on d21 with 100ul of
incomplete Freud’s adjuvant containing also type II chicken collagen. Animals were
sacrificed on d35-45 by anesthesia with isoflurane and cervical dislocation. Before
euthanasia, blood was collected by retro-orbital aspiration and the isolated plasma was
stored at —80°C.

The pointing system of CIA scores 0 points if no visible clinical symptoms, 1 point
per swollen toe, 5 points for involvement of knuckles (metatarsal/metacarpal), or 5
points for involvement of wrist (tarsal/carpal), giving a total score of 9 and 10 per paw
for front and hind paws, respectively.

Isolation of Bone Marrow PMNs from CIA mice

Femur and tibia bone marrow was flushed with PBS-EDTA buffer using a 25G 5/8
needle. A 20G needle was used afterwards to separate bone marrow clumps. Cells
were centrifuged for 10 min in 400g and the pellet was resuspended in 2 ml PBS-
EDTA. The suspension was gently overlayed on a percoll density gradient of three
layers, 75%, 67% and 52% percoll. The gradient was centrifuged for 30 min, 1000g,
RT and the 75% 67% interface were collected. After one wash with PBS-EDTA
+1%BSA, red blood cells were lysed with deionized water. Lysis was blocked with
1.8% NaCl and cells were washed again.

Generation of Neutrophil extracellular traps from CIA mice

Typically, 2*10° bone marrow derived neutrophils were seeded on a six-well plate in
1.2 ml 1640 RPMI without phenol, 2% BSA and 10mM HEPES. After 4h culture, 1
ml of medium was discarder and 600 ul of fresh medium was added. The plate was
shaked for 3 min, 800 rpm and total volume was centrifuged for 5min, 4°C, 50g. The
supernatant was collected and kept at -80°C. NETs were quantified with Sytox assay.
Bone marrow derived PMNSs from healthy mice were used as control.

Generation of BMDCs and DC-NETSs coculture experiments

Dendritic cells were generated from BM progenitors of C57BL/6 mice. Red blood
cells were lysed with NH4CI. On days 0, 3, 6, and 8, cultures were supplemented with
fresh complete DMEM containing 20% X63Ag8 supernatant (derived from a murine
granulocyte-macrophage colony-stimulating factor (GM-CSF) secreting cell line.
After 9 days of culture, nonadherent cells were harvested and purity was assessed
based on CD11c expression by flow cytometry. DCs were subsequently cultured in
the presence or absence of 10% of supernatants containing NETs derived from
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collagen injected or healthy mice. Culture supernatants and cells were collected 18 h
after stimulation cells were acquired after surface or intracellular staining on a FACS
Calibur (BD Bio sciences).
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RESULTS

Increased NET formation induced by RA 1gGs versus HS 1gGs.

In order to induce NET formation from healthy PMNs and study the mechanism of
NET mediated monocyte activation, we isolated 1gGs from RA patients and healthy
volunteers. More specifically, pooled sera samples from healthy volunteers and RA
active patients were processed with Melon gel 1gG isolation kit. The purity of the
immunoglobulins isolated by the Melon Gel 1gG spin purification was analyzed by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). After
electrophoresis, the gels were either stained with Coomassie Blue (Figure 1A) in
order to confirm successful isolation of the heavy and light chains. NET formation
was provoked by treatment of healthy volunteer isolated PMNs with 1gGs isolated
from RA and healthy (HS) sera. Using Sytox green, a nucleic acid stain that binds
DNA, we observed that IgGs isolated from RA active patients, induce higher number
of released NETs as compared with HS IgGs. As a positive control we used phorbol
myristate acetate (PMA) (Figure 1B).
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Figure 1 : A) increased NET formation upon RA IgG treatment

Staining with Coomassie Blue of immunoglobulins isolated by the Melon Gel IgG spin purification and
analyzed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) using a 4-5% stacking
and a 10% running gel. Twenty ug of the immunoglobulin preparations were applied to each lane. B) fold
change of DNA fluorescence quantified as NETs released by neutrophils upon treatment with RA IgG, HS IgG
and PMA. Healthy neutrophils were isolated and cultured for three hours with 100ug/ml I1gG isolated from RA
serum, 1gG isolated from healthy serum and PMA 50ng/ml as a positive control.
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NETSs activate monocytes

Recent evidence suggest that NETs participate in antigen specific immune responses
of T-cells through activation of DCs. Our basic aim was to delineate the molecular
mechanism of dendritic cell activation by NETs. DCs demand several days of
differentiation. For that reason, we utilized monocytes as a progenitor of DCs. To
address the above question, NETs derived from healthy PB PMNSs, activated with RA
IgGs and HS IgGs, were cultured with healthy monocytes for 18 hours.

Assessment of TNF-a protein levels in RA 1gG NETs-treated monocytes cultured
supernatants demonstrated markedly increased secretion of TNF-a compared to
supernatants collected from HS IgG NETs-treated monocytes. In addition, we
measured 1L-6 and IL-1 protein levels and we concluded that RA IgG NETSs seem to

increase IL-6 and 1l-1B, in cultured supernatants of monocytes.
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Figure 2: NETs stimulate the production of pro-inflammatory cytokines released by primary monocytes.

B HSIgGNETs
A RAIgGNETS

IL-6, IL-1b and TNF-a measured in culture supernatants of monocytes treated for 18 hours with 100ng/ml RA IgG or
HS IgG generated NETs. Results are expressed as fold change over the cytokines released by monocytes treated with

HS IgG generated NETs.***P=0.0006 ; ns=non-significant.
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Evidence for decreased autophagy after treatment of monocytes with NETs

Accumulating data underline an essential role of autophagy during antigen
presentation by APCs and priming of adaptive immune responses. In order to
investigate whether NETs formed by RA 1gG NETSs affect the autophagic machinery
of healthy monocytes, we assessed the expression of two autophagic markers, LC3
and p62. For this purpose, monocytes isolated from PB were cultured overnight with
NETs. Our confocal microscopy data, demonstrated decreased levels of LC3 and
increased levels of p62 suggest decreased autophagy and accumulation of p62 in these
cells (Figure 3).
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Figure 3 Treatment of monocytes with NETs results to decreased expression of LC3 and accumulation of p62 according
to confocal microscopy.

PB healthy monocytes were cultured overnight with 100ng/ml RA 1gG NETs or HS IgG NETs. Cells were stained for LC3
(red), p62 (green) and DAPI (blue). Immuofluorescence confocal microscopy images were analyzed with Fiji and the
numbers of LC3 puncta/cell and p62 puncta /cell were calculated using a macro developed in fiji software as described
[1]**P=0.0038, *P=0.019.
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In order to confirm the data that emerge from our confocal microscopy experiments,
we performed Western Blotting in monocytes treated with RA IgG NETs and HS IgG
NETs for 18 hours. We found increased levels of p62 expression in monocytes treated
with RA IgG NETs as compared to our HS control. However, we didn’t manage to
conclude any results for the LC3 —I and LC3-I1 protein levels.
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Figure 4 : NETs stimulate increased expression of p62.

Healthy monocytes were cultured overnight with 100ng/ml RA IgG NETs and HS IgG NETs. Cells were lysed with RIPA
buffer and western blot analysis for the expression of LC31/LC3Il and p62 in monocytes lysates of indicated conditions
was performed. One representative experiment of 3 is depicted. Relative intensity of p62 is depicted.
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Next, we sought to determine the intracellular signaling events mediate the NET-
dependent downregulation of monocyte autophagy. The kinase mTOR-dependent
pathway is the best characterized regulator of autophagy, and activation of the
PI3K/AKkt/ axis is an upstream modulator of mTOR activity (ref). To this end, in order
to assess the effect of NETs on this pathway, we treated monocytes with RA 1gG
NETs and HS IgG NETSs for four hours and performed intracellular staining for the

expression of phosphorylated levels of mMTOR and Akt using flow cytometry.

Our data claim that pmTOR and pAkt are upregulated in monocytes upon treatment
with RA 1gG NETs compared with HS IgG NETSs treated monocytes. Overall, we
suggest that RA 1gG generated NETSs affect the PI3BK/Akt/mTOR signaling pathway

of monocytes therefore decreasing their autophagic machinery.
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Figure 5 : NETs impair monocyte autophagy via modulation of the PI3K/ Akt/mTOR axis
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fold change expression of phosphorylated autophagy markers mTOR and Akt upon treatment with RA IgG
based on the levels of phosphorylated levels of monocytes treated withHS IgG generated NETs. Monocytes
were treated for 4 hours with RA IgG NETs and HS IgG NETs and stained intracellularly against the

corresponding antibodies using flow cytometry. **P=0.0022
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Moreover, activation of mTOR leads to phosphorylation of the ribosomal protein S6
and phosphorylation of the eukaryotic initiation factor 4E-binding protein (4EBP1).
Monocytes treated with RA IgG induced NETs, compared with HS I1gG induced
NETs, provide evidence for an increased phosphorylation of S6 and 4EBP1,
confirming the activation of the mTORC1 signaling pathway in NET exposed

monocytes.
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Figure 6 :NETs may affect the downstream molecules of mTOR pathway, pS6 and p4EBP1

fold change expression of phosphorylated S6 and 4EBP1 proteins upon treatment with RA 1gG or HS IgG
generated NETs. Monocytes were treated for 4 hours with RA IgG NETs and HS IgG NETs and stained

intracellularly against the corresponding proteins using flow cytometry.
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The effect of Neutrophil Extracellular Traps on Bone Marrow derived Dendritic
Cells

Recent findings suggest that NETosis also occurs in CIA mouse model. In order to
assess this, we isolated bone marrow PMNs from CIA diseased mice (d35-45 post
collagen injection) using Percoll gradient method. According to Sytox measurement
method, PMNs isolated from CIA diseased mice presented higher number of
spontaneously released NETs as compared with PMNs NETs isolated from naive
uninjected mice.
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Figure 7 : CIA mice present enhanced spontaneous NET formation.

PMNs isolated from BM of CIA mice were cultured for four hours without triggers.
NETs were collected and measured with Sytox. As a negative control we used NETs
isolated from naive mice.
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Next, we asked whether these DNA structures affect the immune responses of BM
derived DCs. To address this question, we isolated total BM cells from naive mice
and used the GM-CSF differentiation protocol in order to differentiate them into
Dendritic cells within 8 days. In order to understand the effect of CIA formed NETs
on naive BM DCs, we treated these cells with NETs for 18 hours and assessed the
expression of co-stimulatory molecules and activation markers.

We conclude that DCs (CD11c positive cells) treated with CIA NETs have a trend
for increased expression of CD80, CD86 and MHC II. Collectively, induction of
arthritis in CIA mouse model, leads to increased NET formation and these NETs have
the ability to activate BM DCs.
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Figure 8: BM DCs treated with CIA NETs show a trend for increased activation.

Fold change expression of phosphorylated expression of MHC II, CD80, CD86 and surface markers in BM
derived DCs upon 18hour treatment with CIA or control NETs *P=0.028.
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DISCUSSION

It is known that NETs have a significant impact on chronic autoimmune
inflammatory diseases such as lupus, psoriasis, atherosclerosis and arthritis [15, 16,
29, 30]. In support, previous work from our lab revealed collagen-induced arthritis
(CIA)-NETSs favors the induction of Thl immune responses through DC activation. In
human, there is increased NET formation in RA patients and the RA inflammatory
milieu favors the production of NETs. Moreover, RA-NETs also augments the
inflammatory properties of moDCs. Our previous findings provide new insights into
the pathogenic role of NETs in RA.[16] Herein we observed that RA autoAbs (RA
isolated IgGs) potently induce NETosis. In support, other autoAbs (ANCA for SVV
and anti RNP for SLE) have been reported to induce NETSs [15] [31, 32].

The intracellular cascade that operates in dendritic cells and leads to their activation
induced by NETSs is not known. Of interest, induction of autophagy facilitates the
delivery of antigenic peptides to the MHC class Il-loading compartment and
subsequent presentation to CD4+ T cells [23, 33-36]. In this study we focused on
monocytes as they consist the progenitor cells of monocyte derived dendritic cells
(moDCs) and exhibit similar properties with DCs. Therefore, we focused on the
autophagic machinery of monocytes. We provide evidence for decreased autophagy
of monocytes treated with RA IgG induced NETs as compared with HS 1gG induced
NETs (control). Following the updated guidelines for the assessment of autophagy we
examined with confocal microscopy the formation of functional autophagolysosomes
based on the expression of LC3 and p62. It was found decreased expression of LC3
and increased accumulation of p62 in RA IgG NETSs treated monocytes as compared
with HS IgG NETSs treated monocytes. In accordance, western blot analysis for the
expression of p62 in monocytes lysates revealed increased p62 levels in monocytes
treated with RA 1gG induced NETs as compared with control NETs. Due to technical
hardships, we didn’t manage to assess the expression of LC3II/LC3I in monocytes
lysates.

Next, we sought to determine the intracellular signaling events mediating the NET-
dependent downregulation of monocyte autophagic machinery. Given that, the
MTOR-dependent pathway is the best characterized regulator of autophagy, we
sought to determine the phosphorylation levels of mTOR as well as the
phosphorylation levels of Akt as an upstream modulator of mMTOR activity[37]
Autophagy is primarily mediated by signals that activate ULK1/2 and recruitment of
Atg and LC3-1l proteins on the autophagosomes. mTORCL1 activation suppresses
autophagy by blocking ULK1/2 and LC3-I1 recruitment. Thus, activation of Akt and
subsequent induction of mMTORCL results in inhibition of autophagy. Interestingly, we
found increased levels of phosphorylated mTOR and Akt in monocytes upon RA 1gG-
induced NET treatment versus control as well as a trend for increased phosphorylated
levels of S6 and 4EBP1 the downstream molecules of the mTOR, thus confirming the
activation of the mTORCL signaling pathway in RA 1IgG NETs exposed monocytes.
However, it is known that activation of the PI3K/AKkt pathway is critical in restricting
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proinflammatory and promoting anti-inflammatory responses in TLR-stimulated
macrophages [38], and has been considered as a negative regulator of TLR and NF-
kB signaling in macrophages [39] [40]. One explanation for this discrepancy in our
findings could be that in most studies, the PISK/Akt/mTOR pathway has been studied
as a single entity, and the effect of different isoforms of PI3K or Akt kinases has not
been defined. For example, activation of PI3Ky and PI3K3d has been implicated in
alveolar macrophage activation by immune complexes via Fcy receptor [41], thus
involved in proinflammatory signaling. Moreover, individual Akt isoforms could be
activated by specific PI3K members in macrophages. Nevertheless, isoform-specific
effects on macrophage function have been reported both for Akt and PI3K.

To extend our findings we used the collagen induced arthritis mouse model (CIA).
CIA bone marrow PMNSs exert increased spontaneous NET formation as compared
with control BM PMNs. Moreover, treatment of bone marrow derived dendritic cells
(BMDCs) with these NETs revealed increased antigen presenting capacity as
compared with the control. In the future we aim to characterize in depth the
autophagic machinery and the PI3K-Akt-mTOR signaling pathway of BMDCs and
perform functional experiments.

Overall, our data will provide novel insights into the mechanism of RA pathogenesis
and the mechanisms that provoke inflammation during autoimmune diseases with the
ultimate goal the development of more specific therapies in patients with RA.

32



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

REFERENCES

Alissafi, T., et al., Tregs restrain dendritic cell autophagy to ameliorate
autoimmunity. J Clin Invest, 2017. 127(7): p. 2789-2804.

Alamanos, Y. and A.A. Drosos, Epidemiology of adult rheumatoid arthritis.
Autoimmun Rev, 2005. 4(3): p. 130-6.

Tsokos, G.C., Autoimmunity and organ damage in systemic lupus erythematosus. Nat
Immunol, 2020. 21(6): p. 605-614.

van Delft, M.A.M. and T.W.J. Huizinga, An overview of autoantibodies in rheumatoid
arthritis. J Autoimmun, 2020. 110: p. 102392.

Okada, Y., et al., Genetics of rheumatoid arthritis contributes to biology and drug
discovery. Nature, 2014. 506(7488): p. 376-81.

Geiler, J., M. Buch, and M.F. McDermott, Anti-TNF treatment in rheumatoid arthritis.
Curr Pharm Des, 2011. 17(29): p. 3141-54.

Kohler, B.M., et al., Current Therapeutic Options in the Treatment of Rheumatoid
Arthritis. ) Clin Med, 2019. 8(7).

D'Amico, L. and I. Roato, Cross-talk between T cells and osteoclasts in bone
resorption. Bonekey Rep, 2012. 1: p. 82.

Muller-Ladner, U., et al., Mechanisms of disease: the molecular and cellular basis of
joint destruction in rheumatoid arthritis. Nat Clin Pract Rheumatol, 2005. 1(2): p.
102-10.

Wright, H.L., et al., Rheumatoid Arthritis Synovial Fluid Neutrophils Drive
Inflammation Through Production of Chemokines, Reactive Oxygen Species, and
Neutrophil Extracellular Traps. Front Immunol, 2020. 11: p. 584116.

Mclnnes, I.B. and G. Schett, The pathogenesis of rheumatoid arthritis. N Engl J Med,
2011. 365(23): p. 2205-19.

Edilova, M.I., A. Akram, and A.A. Abdul-Sater, Innate immunity drives pathogenesis
of rheumatoid arthritis. Biomed J, 2021. 44(2): p. 172-182.

Mclnnes, I.B., C.D. Buckley, and J.D. Isaacs, Cytokines in rheumatoid arthritis -
shaping the immunological landscape. Nat Rev Rheumatol, 2016. 12(1): p. 63-8.
Fousert, E., R. Toes, and J. Desai, Neutrophil Extracellular Traps (NETs) Take the
Central Stage in Driving Autoimmune Responses. Cells, 2020. 9(4).

Khandpur, R., et al., NETs are a source of citrullinated autoantigens and stimulate
inflammatory responses in rheumatoid arthritis. Sci Transl Med, 2013. 5(178): p.
178ra40.

Papadaki, G., et al., Neutrophil extracellular traps exacerbate Th1-mediated
autoimmune responses in rheumatoid arthritis by promoting DC maturation. Eur
Immunol, 2016. 46(11): p. 2542-2554.

Yu, M.B. and W.H.R. Langridge, The function of myeloid dendritic cells in rheumatoid
arthritis. Rheumatol Int, 2017. 37(7): p. 1043-1051.

Wei, S.T., et al., Serum Levels of IL-6 and TNF-alpha May Correlate with Activity and
Severity of Rheumatoid Arthritis. Med Sci Monit, 2015. 21: p. 4030-8.

Houssiau, F.A., et al., Interleukin-6 in synovial fluid and serum of patients with
rheumatoid arthritis and other inflammatory arthritides. Arthritis Rheum, 1988.
31(6): p. 784-8.

Vomero, M., et al., Autophagy and Rheumatoid Arthritis: Current Knowledges and
Future Perspectives. Front Immunol, 2018. 9: p. 1577.

Alissafi, T., et al., Autophagy orchestrates the regulatory program of tumor-
associated myeloid-derived suppressor cells. J Clin Invest, 2018. 128(9): p. 3840-
3852.

33



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Karlsson, E., et al., The mTOR effectors 4EBP1 and S6K2 are frequently coexpressed,
and associated with a poor prognosis and endocrine resistance in breast cancer: a
retrospective study including patients from the randomised Stockholm tamoxifen
trials. Breast Cancer Res, 2013. 15(5): p. R96.

Dengjel, J., et al., Autophagy promotes MHC class Il presentation of peptides from
intracellular source proteins. Proc Natl Acad Sci U S A, 2005. 102(22): p. 7922-7.
Kremer, J., et al., Tofacitinib in combination with nonbiologic disease-modifying
antirheumatic drugs in patients with active rheumatoid arthritis: a randomized trial.
Ann Intern Med, 2013. 159(4): p. 253-61.

Keystone, E.C.,, et al., Long-term use of adalimumab as monotherapy after
attainment of low disease activity with adalimumab plus methotrexate in patients
with rheumatoid arthritis. RMD Open, 2018. 4(1): p. e000637.

Guo, Q., et al., Rheumatoid arthritis: pathological mechanisms and modern
pharmacologic therapies. Bone Res, 2018. 6: p. 15.

Nandakumar, K.S., L. Svensson, and R. Holmdahl, Collagen type Il-specific
monoclonal antibody-induced arthritis in mice: description of the disease and the
influence of age, sex, and genes. Am J Pathol, 2003. 163(5): p. 1827-37.

Kambas, K., et al., C5a and TNF-alpha up-regulate the expression of tissue factor in
intra-alveolar neutrophils of patients with the acute respiratory distress syndrome. )
Immunol, 2008. 180(11): p. 7368-75.

Lim, M.B., et al., Rac2 is required for the formation of neutrophil extracellular traps. )
Leukoc Biol, 2011. 90(4): p. 771-6.

Lande, R., et al., Neutrophils activate plasmacytoid dendritic cells by releasing self-
DNA-peptide complexes in systemic lupus erythematosus. Sci Transl Med, 2011.
3(73): p. 73ral9.

Kessenbrock, K., et al., Netting neutrophils in autoimmune small-vessel vasculitis.
Nat Med, 2009. 15(6): p. 623-5.

Garcia-Romo, G.S., et al., Netting neutrophils are major inducers of type | IFN
production in pediatric systemic lupus erythematosus. Sci Transl Med, 2011. 3(73): p.
73ra20.

Paludan, C., et al., Endogenous MHC class Il processing of a viral nuclear antigen
after autophagy. Science, 2005. 307(5709): p. 593-6.

Schmid, D., M. Pypaert, and C. Munz, Antigen-loading compartments for major
histocompatibility complex class Il molecules continuously receive input from
autophagosomes. Immunity, 2007. 26(1): p. 79-92.

Lee, H.K., et al., In vivo requirement for Atg5 in antigen presentation by dendritic
cells. Immunity, 2010. 32(2): p. 227-39.

Aichinger, M., et al., Macroautophagy substrates are loaded onto MHC class Il of
medullary thymic epithelial cells for central tolerance. ) Exp Med, 2013. 210(2): p.
287-300.

Martina, J.A., et al., MTORCI functions as a transcriptional reqgulator of autophagy
by preventing nuclear transport of TFEB. Autophagy, 2012. 8(6): p. 903-14.
Lopez-Pelaez, M., et al., Cot/tpl2 activity is required for TLR-induced activation of the
Akt p70 S6k pathway in macrophages: Implications for NO synthase 2 expression. Eur
JImmunol, 2011. 41(6): p. 1733-41.

Troutman, T.D., J.F. Bazan, and C. Pasare, Toll-like receptors, signaling adapters and
regulation of the pro-inflammatory response by PI3K. Cell Cycle, 2012. 11(19): p.
3559-67.

Fukao, T. and S. Koyasu, PI3K and negative regulation of TLR signaling. Trends
Immunol, 2003. 24(7): p. 358-63.

34



41.

Konrad, S., et al., Phosphoinositide 3-kinases gamma and delta, linkers of coordinate
C5a receptor-Fcgamma receptor activation and immune complex-induced
inflammation. J Biol Chem, 2008. 283(48): p. 33296-303.

35



