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Rheumatoid arthritis (RA) and other autoimmune inflammatory diseases are examples of imbalances within the
immune system (disrupted homeostasis) that arise from the effects of an accumulation of environmental and
habitual insults over a lifetime, combined with genetic predispositions. The Ligand Epitope Antigen Presentation
System (LEAPS) therapies are capable of inhibiting ongoing disease progression in animal models. Whereas
DMARDSs ablate or inhibit specific proinflammatory cytokines or cells and JAK inhibitors (jakinibs) inhibit the
receptor activation cascade for expression of proinflammatory cytokines, the LEAPS therapeutic vaccines
specifically modulate the ongoing antigen-specific, disease-driving, proinflammatory T memory cell responses. This
decreases disease presentation and changes the cytokine conversation to decrease the expression of

inflammatory cytokines while increasing the expression of regulatory cytokines.

immunotherapy inflammatory anti-inflammatory cytokines rheumatoid arthritis

| 1. From Homeostasis to Autoimmunity

Rheumatoid arthritis (RA) and other autoimmune inflammatory diseases are examples of imbalances within the
immune system (disrupted homeostasis) that arise from the effects of an accumulation of environmental and
habitual insults over a lifetime, combined with genetic predispositions. The initial insults that lead to RA are thought
to often originate in the lung and are connected with smoking. Lungs are constantly exposed to insults due to
infections, injury, and inhalants, dust, silica, asbestos, and especially tobacco smoke Wi2El 1n addition, bacterial
infections in the oropharynx, leading to gingivitis or periodontal disease, are considered a possible key early factor
(see reviews) LHAIBIEIT, The inflammatory responses that drive RA usually originate with autoimmune responses
against normal, modified or immuno-mimetics of self-proteins that are often found within skeletal joints. Individuals
may be genetically prone to or acquire an enhanced systemic inflammatory state due to infectious, metabolic, or
other challenges, which are often related to the immunological maintenance of the gut microbiome. The

accumulation of inflammatory insults over a lifetime generates such a state, which has been termed "inflammaging”
8]

2. Post-Translational Modification and Its Role in
Autoimmunity
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Tobacco smoking and other challenges promote the activation of the enzyme peptidyl arginine deiminase (PADI,
especially PADI-2 and PADI-4) in the lung and elsewhere. This enzyme converts arginine residues in proteins to
citrulline in situ in a process called citrullination. Such post-translational modifications (PTM) can alter the
immunogenicity of any protein containing that residue and create neo-epitopes, leading to the development of
autoimmunity. Citrullinated vimentin, proteoglycan (PG), fibrin, and collagen are commonly found in the skeletal
joints of RA patients [2. Another PTM seen in RA involves lysine residues. Other in situ PTMs, such as on serine
and threonine, alter the immunogenicity of other self-proteins and are being observed in a growing number of
autoimmune diseases WERBIRILNMILILZ  On an important note, PTM can affect cellular function and enhance the
activation of neutrophils and macrophages, leading to the release of destructive enzymes from the recruited cells,
such as matrix metalloproteinases (MMP, especially MMP-1, MMP-13), which are collagenases that can cause

bone and cartilage destruction (231,

3. Role of Cytokines, Cells, and Their Interplay in Disrupting
Immune Homeostasis

In the presence of systemic inflammation, potentially exacerbated by trauma, infection or other inflammatory
trigger, autoimmune responses can be initiated against PTM proteins to alter the normal balance of immunity.
Figure 1A represents the normal balance in immune pro-inflammatory and anti-inflammatory responses that
promote immune homeostasis. The various actors include cells (T and B cells, macrophages, dendritic cells (DC),
other blood cells) and pro-inflammatory and anti-inflammatory cytokines that affect the regulation of responses

to self (auto)antigen.
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Figure 1. Disruption of the homeostasis of the immune system promoting arthritis. (1A) Homeostasis: Antigen-
presenting cells present peptides and cytokines to activate antigen-specific T cells influenced by environmental
signals and cytokines. A balance of pro-inflammatory to humoral and regulatory responses promote immune
homeostasis. Red symbols within dotted circles represent pro-inflammatory cytokines and blue symbols represent
anti-inflammatory cytokines. (1B) Autoimmunity: Environmental factors (e.g., smoking), trauma (repetitive bone or
cartilage injury), infections (microbial antigen mimicry), and genetic predisposition (e.g., MHC: HLA-DR4) can
promote an inflammatory environment that promotes a self-sustaining disruption of immune balance that can result
in rheumatoid arthritis (RA). Arthritogenic self-antigens are presented by DCs, macrophages, and B cells to T cells
to generate auto-antibodies and self-reactive T cells, respectively, which promote inflammatory cytokine production

that activates other cells and induces tissue remodeling and disruption.

As shown in Figure 1B, the disruption of immune homeostasis resulting in autoimmunity and RA can occur in an
individual at risk of RA due to environmental, systemic, or genetic factors. The activation of inflammatory responses
by exposure to the pathogen-associated molecular pattern molecules (PAMPSs) of microbes or damage-associated

molecular pattern molecules (DAMPS) released by tissue damage or trauma can activate processes that can
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initiate inflammatory responses to the PTM or other self-(auto)antigens that drive RA. These processes are driven

by T helper (Th)1 and/or Th17 pro-inflammatory responses.

DCs process phagocytosed proteins, including citrullinated proteins if present, into peptides that then occupy major
histocompatibility class (MHC | or MHC II) molecules and then activate the naive T cells that can recognize those
peptide antigens. Depending on the cytokines produced by the DC, antigen-specific Thl or Th17 pro-inflammatory
T cells are activated Ell24], These cell types are defined by different transcription factors (TFs) and the cytokines

that they produce, setting up cytokine conversations.

Normally, the B cells and T cells that elicit autoimmune responses are either eliminated in the bone marrow and
thymus, respectively (central tolerance), or controlled by regulatory responses (peripheral tolerance). Peripheral
tolerance is mediated by regulatory T cells (Tregs) and induced T regs (iTregs), whose cytokine conversations
involve IL-10 and/or tumor growth factor (TGF)-3. The iTregs are generated primarily from peripheral Th17 or other
Th cells in the presence of high levels of IL-10 or TGF-B. Other cells, including macrophages and myeloid
suppressor cells, can also produce these regulatory cytokines to control inappropriate or inflammatory responses.
The tolerance that these cells impose can be overridden by infections and other challenges that disrupt the
homeostatic balance and lead to the production of large amounts of acute phase cytokines (IL-1, IL-6, TNF-a),

allowing responses to the microbial or modified antigens that mimic human antigens to initiate autoimmune
responses [2IL3I[16],

| 4. Current and Older Therapeutic Approaches for RA

The current therapy for RA consists of either the treatment of symptomatology or the inhibition or ablation of the
components of the inflammatory immune response (Table 1). Neither of these approaches address the imbalance
of the antigen-specific immune response that is the root cause of the disease. Non-steroidal anti-inflammatory
drugs (NSAIDs) are the first line of treatment used to alleviate pain and inflammation. Older ablative treatments
with corticosteroid, methotrexate, and similar drugs can inhibit inflammation and are effective for many patients.
The newer therapies, as shown in Table 1, are more selective in their inhibition of specific mediators of

inflammation and can be organized into three main therapeutic approaches, as shown in Table 1 and Figure 2.

Table 1. Approaches to targeting inflammatory cytokines in RA and RA animal models with regard to targets,

cytokines, and therapies.

Generic and
h Regulated Immune Component, If Product name,
Type LELEL Modulation Known [References] Regulatory i
Status
Therapeutic ! IL-1, IL-17, IFN-y, TNF-o BIL7ILE] -
Vaccines Thi CEL-4000 [17]
Treg (FOXP3+), IL-4, IL-10, TGF-B & (preclinical) 18]

t [17][18]
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Type Target

Th17

TNF-a

TNF-a

IL-1Ra

IL-6R msR

IL-17

CD20

DMARDs
Anti-CD6

Agonistic
Anti-
CD137

Anti-
CTLA4

Anti-CD40

CDh24

Jakinibs JAK3 >
JAK1,
JAK2 >

TYk2 42

vh
Modulation

!

Regulated Immune Component, If Product name,

Known [References]

TNF-a, IL-17, IL-6, MCP-1, IL-12p40
[19]

IL-12p70, IL-10 19

TNF-o (20
TNF-o 22
IL-1 28]
MCP-1 21 |_-6 [24]

MCP-1 211 |L-17A [23]

B cells as APCs: CD4+IFN-y+,
CD4+IL-17+ 28

IL-17 [28] |FN-y [28129 || -6, TNF-o 22

IFN-y BLE2 po 2

IL-17, IFN-y 23
IL-35, IFN-p 2]

IL-6, RANKL B8 TNF-a, NF-k, IL-6,
ICAM-1, VCAM-1, VEGF E1

TNF-a, IL-6, MCP-1(CCL2), IL-1p E8
NF-kB 22

Transcription: IL-2, IL-4, IL-7, IL-9,
IL-15, IL-21, IL-6, IL-11, IL-13, IL-25,
IL-27, IL-31, IFN-a, IFN-B, IL-10, IL-
22, IFN-y, > EPO, TPO, GH, G-CSF,
GM-CSF, Leptin, IL-3, IL-5 > IL-12, IL-
23, Type Il IFNs 42

Generic and

Regulatory i
Status
CEL-2000 [19]
(preclinical)
Adalimumab 1201
(Humira®) (21]
Etanercept 22]
(Enbrel®)
Anakinra 23]
(Kineret®)
Tocilizumab (2l
(Actemra®) [24]
Secukinumab 23]
(Cosentyx®) [25]
Rituximab [26]
(Rituxan®) [27]
[28]
Itolizumab [29]
(Alzumab®) [30]
31
Utomilumab 32]
[33]
Abatacept [34]
(Orencia®) [35]
[36]
Bi 655064 37]
[38]
[40]
[41]
Tofacitinib (21]
(Xeljanz®)FDA 142l
approved (2012) 43]
M
[4_5'|
[4_6]
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Generic and
h Regulated Immune Component, If Product name,

Type LI Modulation Known [References] Regulatory i
Status
in vitro: IL-6 by B cells, 44! |L-2, IL-4, 47]
IL-7, IL-15, IL-21, IL-6, and IFN-y in 48]
CD4+ T cells. IL-17 in Th17 cells (s
polarized via IL-23. IL-21 and IL-22 in =0
Th17 8 |FN-q, IL-6, IFN-y, IL-2, IL-
15, IL-4, GM-CSF 48 mcp-1 24 .17
in CD4+T cells from AS, PSA, RA,
and HC 48]
in vivo: IL-6 in human 24
in vitro: IL-2 in Thl. IL-17, IL-2 in
1 Th17 cells (polarized via TGF-31, IL-
6) 431
Transcription: IFN-a, IFN-3, IL-10,
IL-22, IL-2, IL-4, IL-7, IL-9, IL-15, IL-2,
IFN-y > IL-6, IL-11, IL-13, IL-25, IL-27,
JAK3 > IL-31, IL-12, IL-23, Type Il IFNS, Peficitinib ,
JAK1, ) EPO, TPO, GH, G-CSF, GM-CSF, (Smyraf®) Japan 42]
TYK2, Leptin, IL-3, IL-5 (51]
JAK2 42 in vitro: IL-4, IL-13, IFN-y, TNF-ain /\PProved (2019)
PBMC after TCR stimulation, IL-4, IL-
13, IFN-y, TNF-q, IL-17A, GM-CSF in
PBMC after IL-2 stimulation B2l
Transcription: IL-6, IL-11, IL-13, IL-
25, IL-27, IL-31, IFN-a, IFN-B, IL-10, [21]
IL-22, IFN-y > IL-2, IL-4, IL-7, IL-9, IL- 42]
JAK2, 15, IL-21 > IL-12, IL-23, Type IIl IFNSs, T (43]
JAK1 > EPO, TPO, GH, G-CSF, GM-CSF, _ (44]
TYK2 > ! Leptin, IL-3, IL-5 43 (Olumiant®) FDA -
JAK3 42 in vitro: IL-6 in MoDCs, IFN-a approved (2018) -~
secreted pDCs ¥4 Mcp-1 2 |-17 in [49]
CD4+ T cells (AS, PSA, RA, and HC)
[46]
JAK2, Transcription: IFN-y, EPO, TPO, GH, Ruxolitinib 42]
JAK1 > G-CSF, GM-CSF, Leptin, IL-3, IL-5 > (Jakafi®) FDA (48]
TYK2 > IL-6, IL-11, IL-13, IL-25, IL-27, IL-31, approved (2011) 18I
JAK3 42 IFN-a, IFN-(, IL-10, IL-22, IL-12, IL- (myelofibrosis) (52]
23, Type Il IFNs > IL-2, IL-4, IL-7, IL- B
! 9, IL-15, IL-21

in vitro: IL-10, IFN-y, IL-6, TNF-q, IL-
13 B2 |L-17 in CD4+ (AS, PSA, RA,
and HC) [46]
in vivo: IFN-y, IL-12p70, IL-6, G-CSF,
IL-10, TNF-a 52

https://encyclopedia.pub/entry/17684 6/13



Balancing Immune System to Treat Rheumatoid Arthritis | Encyclopedia.pub

Generic and

i Regulated Imnmune Component, If Product name,
Type LI Modulation Known [References] Regulatory i
Status
1 in vitro: IL-2 58I
Transcription: IL-6, IL-11, IL-13, IL-
25, IL-27, IL-31 > IFN-q, IFN-B, IL-10,
IL-22 > IFN-y, > IL-2, IL-4, IL-7, IL-9,
IL-15, IL-21 > EPO, TPO, GH, G-CSF,
GM-CSF, Leptin, IL-3, IL-5, IL-12, IL-
23, Type Il IFNs 2]
in vitro: IL-2, IL-4, IFN-0B2, IFN-y 9
IFN-a, IL-6, IFN-y, IL-2, IL-15, IL-4 2] o (2]
AL = ex vivo: ILY6, GM-CSF 48 Filgotinib (431
JAK2 > L (Jyseleca®) EMA 48]
TYK2 > ! in vivo: IFN-y, IL-6, IL-13, RANKL, & Japan -
JAK3 1421 MMP-3, MMP-13, IP10, XCL1, MCP- approved (2020) g
1, MIP-1b, MCP-3, MCP-5, M-CSF1,
MDC, SCF, KC/GRO, IL-1a BY SAA,
IL-6, IL-1B, GM-CSF, TNF-RI,
Resistin, TNF-a, MMP-3, YKL40, 365,
VEGF, MMP-1, IL-12, IL-2, IFN-y, IL-
13, IL-5, IL-21, IL-23, IL-17A, IL-7, IL-
10, CXCL10, CXCL13,[2/|_4]CP-1, agh, A.;
VCAM-1, MIP-1a 018, 4,
Transcription: IL-6, IL-11, IL-13, IL-
25, IL-27, IL-31, IFN-q, IFN-B, IL-10,
JAK1 > IL-22, IFN-y EPO, TPO, GH, G-CSF, o
JAK2 > GM-CSF, Leptin, IL-3, IL-5 IL-2, IL-4, Upadacitinib ﬁ s and
JAK3 > ' IL-7, IL-9, IL-15, IL-21 > IL-12, IL-23, ~ (RIMVOA®)FDA 0 > an
TYK2 1421 Type Il IFNs [43) clisEe () of
in vitro: IFN-q, IL-6, IFN-y, IL-2, IL-4,
IL-15, G-CSF 13
uzy Kand
JAK2 > See main text o [53]
JAKL > ' in vitro: VCAM-1, IL-6 (53 Fedratinib -
VKo - (Inrebic®) (2019) ;
JAK3 B3 1 in vitro: IL-2 53] e B8] | ..
J. naiiiianai, nritis.

Immunology 2021, 164, 689—700.

6. Mdller, B.; Kollert, F.; Sculean, A.; Villiger, P.M. Infectious Triggers in Periodontitis and the Gut in

Rheumatoid Arthritis (RA): A Complex Story About Association and Causality. Front. Immunol.
Focﬁ@%ﬁs:lfeﬂ_ogap colors: Red: proinflammatory; Blue: anti-inflammatory; Gray: either possibility. For

abbreviations used above, see abbreviation section before the author contribution section For jakinibs:

xtfalfERIEH FpecidiFiaNg® hEsdnaMnARaiifoRReSISoS BhRe YMAIRITARRILR: ] P W A drar Qata.

CarticaPOAK signaling pathways: JAK1/JAK3: IL-2, IL-4, IL-7, IL-9, IL-15, IL-21; JAK1/JAK2: IFN-y;
A S FINFIAIEN; (Ede K- ACKIAKA/IAMGRKDWSki ILEHT V1. lkmkauhol8 gl BT ARG INE2BIMKZHfL-12,
IL-23fEvRerH NS ShK2RAK2ARBRT RRmEHo S &3 GM-CSF, Leptin, IL-3, IL-5 AL,
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b BoGroupingeftheiPherapeuticeApproachesnodiications in autoimmune
disease. Curr. Opin. Immunol. 2012, 24, 112-118.

The three groups of theraf)ies shown in Table 1 are presented with the immunological target of the treatment, the
10. l\ﬁast(r ngelo, A.; Colasantj, 'L Iﬁarbatl, C.; Pecani, A.; Sabatinelli, D.; Pendolino, M.; rugllaf\, S.;
cytokine s?t at are affected and whether their amount is increased or decreased and examples of specific drugs
IY]Iassaro, L.; Mancini, R.; eranda,_F.' eg al. The Role of Posj;}]ranslatlgnal Protein Moqulcatlo sin
for }Qﬁt type of ltreqtmclerg._ he In orrlr:1at|on in Ta rI]e lis pre_%eRteﬂ as a ] elat map tlo I%ssstzlr(w):rLe5ve§16nl trngszlgr(})d
I | : n matoid Arthritis. J. Immunol. . .
patternesl.JmaHﬁg e%am re%egrseetﬁe fi?/gupsroqinme%%Jato?}ocytokiF\est(?L-l(a omﬂ, I?-G, I?§17, IFN-y, and TNF-a), in
181uS ree livd-&tj- Réaaniakry Gotukjies Medckrid RL; Ke ssdnidrigiGy; Mealesinj, ssePosktans|atipigl a key
regntaxdificadlonsiml riteuppatyidvaithrifisoarnttathiexog cltespsises oausobn @trubagironndlachmatory or  anti-

infl@arbatonylation. J. Int. Med. Res. 2016, 44, 81-84.

12H Bgrska, .N.; Hunt, L.; Boissinot, M.; Strollo, R.; Bgan, B.ﬂ.; Vitaﬁlg E.; Nissim, A.;_Wingard.,.P.G.;
The Group 1 therapies, I.e., LEAPS therapeutic vaccines, focus on thé cytokine-secreting, antigen-specific T cells,

Eme_rr¥ P. PPnch |, F. Autoantibodies to I[%osttranslational mg_?lificatio s in rheukmatoid arthritis.
but not i leldua cyto iInes per se. These treatments promote a modification of the cyto Ine conversation that

Mediators Inflamm. 2014, 2014, 492873. . , ,
affects both anti-inflammatory cytokines and pro-inflammatory cytokines, focusing upstream on the source of the
1@sp@rsd/emsoogmdyJT, defiuijn, G.J.M. How citrullination invaded rheumatoid arthritis research. Arthritis

Res. Ther. 2014, 16, 1-5.

LEAPS vaccines are peptides that can be designed to elicit an antigen-directed Thl or Th2/Treg cytokine

bneretion depending tpcn The LEAPS e Gel BRI Iand peptds Tas i Sached 15 Atlsthse-related

ant|rgr]eer1l|'lcrr|]oaetpqc|i eﬁﬁfﬁ@@ %@j-llglgll_uarc]:%lia%gsllgtg'%v ’ic]h ar%gijce IL-12 to promote IFN-y and Th1 cytokine
InnSakagochiars. ;rexpunissshyiRerssothel DR GAIdRE-astakiiskiDg imealsn adogicabse fiolaranTe g cytokine
cormateatiumsineddisgasaed Ay techoB0d el 8ybdpiide antigen-specific cytokine conversations, immunization
8 GRS SRS RS B R L LSRRI T se Tt AR BRI O BesibE 117
res r%rﬁ%ﬁ%eTpoﬁe[lggﬁ%_eleéglf K)?SEiTr%SmeL'}ﬁié Iarét@fg}/ fﬁ?%%ggg%@ and have the potential to modulate Thl
responses.

17. Zimmerman, D.H.; Mikecz, K.; Markovics, A.; Carambula, R.E.; Ciemielewski, J.C.; Toth, D.M.;

Grdapant thefapiro Senibaln KalBatidmscoiationithyalwndRieeCakbioA Ry Genjatiatesthecoymbdating Distkieg its
recépyoie ogiyiealizi(ig G ohggrecha) iboidses Pecaice santagramsoyr &ifareet Antiorunkifdetha st iphase
cytddimaseNBdel lIof IR hearoatoediAmdhyritis TWAC caspsr2e21s@mMd481L-23 or IL-17. Alternatively, antibodies to
1 R R AR T R ROV RS, A Rt S M RB e TSR AR R e toRss & nEPody to
e sr s I iR an B A St pe SRt B E P g T A &V A SR mo GiatBe 1Pl

roducts, monoclonal antibodies, soluble receptor .antagqnists onjsts, or modified spluble receptprs are
P respénses and SUppresses arﬁm IS progression | %WO r’ef?ﬂe?i murine moée% oPr%eumaQ[o'?

colE el AR T0P5 38 My dgrneumatic rugs (OMARDS)

TeheZimsmdaveiped g Tagreinre.oBestde| eheAgy diardmbytiakine-fdauzemthtahiosvareVihéObidaiticSl Fespatce
modifieRo&ERINalsUC!IS aE€ heuBaRN A\ tiherapenti canabaiies fasorhigiliraat cadeprthsit(sRrrasisnhsd@siesoluble
receigvedopmRrNi@nd altdtsZervR-ty@kine/cloancidtnlegpitiedias, ithtye de\hiyhlg alfagéic typehke iadigendt
epimbsitigcdsetheob B macisanviedakd 46 oo eeh asxmnaeill 204 Hddsve1, 2t-4Rduld be noted that some

R O AR s A S R A DS R S K A NG LT 2 E  VARAR VR AGhfirflinan or fiegtig =°

thatr frlnelﬁltriﬁ!ft 6‘. Og}ﬂ‘?rslt%r.]d\]:dﬁﬁ é:lﬁ)rr}]saeﬂ)tﬁegcbe(%r,ngg’bfoaifge_ci%[%]@. Similarly, monoclonal antibodies directed
towards cell surface markers (e.g., CD20) (other than cytokine receptors), may affect several different types of cells
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2dxpNisssenthivt. AarkarZHEHE, SheMedgmkiapenss. pnaensadmMidterBiiskieipcihDaskaragstaug ous\(V) bolus
or ikesiposestiadldckine dhthbitarscAssoeiatzditly Catolal S0dkDpdsitoonotibiadl etsioddiesune-
Mediated Inflammatory Arthritis. ACR Open Rheumatol. 2020, 2, 3—10.

Group 1l theraples focus on JAK inhibitors (abbreviated to jakinhib-1, -2 or -3, etc? which target the JAK/STAT
22. CEadwmk L.; Zhao, S sI r, E Moots, R.J. Review of B|o imilar Tria nd Data on
transduction” of réceptor’ SI na ich “activates the transcription an ro uctlon one or more cytokines,

nercept i eum t id Arthntls Curr. Rheum toI
inclu ?ng notpon %e pro-zljlnﬁammatory cytoﬁnes but a so poteﬁtlaﬁ] erapeutlc ‘anti-inflammatory cytokines,

23otaayallp, @.:4Dinace kmoT oF Aieidp BT hon-cancer inflammatory diseases. Front.
Pharmacol. 2018, 9, 1-21.

6.Lomparisons of LEARS Moneablative;oand Jakinib.

-Erle er, P l?velewtch D.; Menter, A. Secukinumab: A review of the anti-IL-17A biologic for the

LEA@@%ﬁM@I@?%@ﬁ@VI%EQ‘QYe g&@ﬂ&?&%ﬂ% ﬁnrﬁﬁg&nodulatory effect on the T cells driving the

28s¢qamdls Klughaiedds, B9wadAvB. WasRy d¥indy reindent) I Pentdes RiferidheyeMIR . CRafiigscEversation,
InCIERRIRG G, SXPRSHIIRERlSROM B PPFEIE AN I P K Re e By A mTIRb A Tse) WEifehon amingyn
a siotpeviekg RTEGIEh in autoantibodies and CD4+ T cell reactivity. J. Immunol. 2008, 180,

4994-5003.
The monoablative therapies (shown in Figure 2C,D) use a neutralizing monoclonal antibody or receptor-antagonist

246 spBEbally SRR I -adRIR SN MofnE GEYANLERRY I NEHRAU A AR DR & FIREMRR {AREsis. The
targ%@%gp 1%8@rﬁ?&ﬁﬁr@%ﬁ%uﬁ&'@%%F?L%?R%A‘?%L%T?@lz, and TNF-a and, under certain circumstances,
28NB(JihaRe, monganation. therprike s8lyAndieeHy RfeshefashRrarfaRIBoYepkakiIenh N, R npatalegilate
antpisHEMSIRIY Y AkITe VIR FRBREINES; tPAEYIPRINe crareTsaiMiNactivation and differentiation is modulated

by a CD6 domain 1 antibody Itolizumab. PLoS ONE 2017, 12, e0180088.

29. Aira, L.E.; Hernandez, P.; Prada, D.; Chico, A.; Gomez, J.A.; Gonzalez, Z.; Fuentes, K.; Viada, C.;
Mazorra, Z. Immunological evaluation of rheumatoid arthritis patients treated with itolizumab.
MADbs 2016, 8, 187-195.

30. Rodriguez, P.C.; Prada, D.M.; Moreno, E.; Aira, L.E.; Molinero, C.; Lépez, A.M.; Gomez, J.A,;
Hernandez, 1.M.; Martinez, J.P.; Reyes, Y.; et al. The anti-CD6 antibody itolizumab provides
clinical benefit without lymphopenia in rheumatoid arthritis patients: Results from a 6-month,
open-label Phase I clinical trial. Clin. Exp. Immunol. 2018, 191, 229-239.

31. Shuford, W.W.; Klussman, K.; Tritchler, D.D.; Loo, D.T.; Chalupny, J.; Siadak, A.W.; Brown, T.J.;
Emswiler, J.; Raecho, H.; Larsen, C.P.; et al. 4-1BB costimulatory signals preferentially induce
CD8+ T cell proliferation and lead to the amplification in vivo of cytotoxic T cell responses. J. Exp.
Med. 1997, 186, 47-55.

32. Dharmadhikari, B.; Wu, M.; Abdullah, N.S.; Rajendran, S.; Ishak, N.D.; Nickles, E.; Harfuddin, Z.;
Schwarz, H. CD137 and CD137L signals are main drivers of type 1, cell-mediated immune
responses. Oncoimmunology 2016, 5, e1113367.

https://encyclopedia.pub/entry/17684 9/13



Balancing

Immune System to Treat Rheumatoid Arthritis | Encyclopedia.pub

33LEAPRIMUhotherapyoTcelkari, F.; Omair, M.A.; EI-Wetidy, M.S; Omalr M A Mltwalll

3Muhsen, S.; Al-Masri, A.; H@rnld Q.; H@L@nl R

CEL 2000

id arthritis patlents 'fo a level that asso

©

H.; Al-
lI'reg
?gﬁ%gtg(réepgt_enhances blood<;egulatory&c.e#ﬁ of

“ LA, “TFHy 10
11,1 .L.,‘ * L -’M .|L.12,m\l iL_‘ - 1} [ oo \
: i . ‘: -4 Terp)
Antigen \ IL-1 THFa ® A Antigen ‘\e® ™o
gt vy ,_/ by gi \ ) ra/ \o® "o

3 "y y . 3 .y . i
R CEEIE tEsIbnse to abatacept in patients
prospegclive,.ahsigbservational RA yﬁ_.f(a\sound C

ﬂ@ ki f )
2%-‘“2)2 cytokine y ** [‘”_._4 TG‘FBi
L6 IFNy

36. Visvanathan, S.; Dén_JuUl&Fuw?
Eleftheraki, A.G.: Vinig ' 1

......

iller-Ladner, U.; Raman\a]'am W

EANL

.[2016, 12 5.

*ND - Not Done

DerG-LEAPS VACCINE ACTION on CD4* Th2, Treg

A SHARIZE T S S AAR/OEH
n serum bone biomarker levels and

it Reitearthritis (RA): A multicenter,
ohort stygiqRiaRan. BMC MusculoskeLet,Jleord

on specific cytokine

—_—

ani,

Effect

L

o
."

ock, B.:

ner, H.; et al. Effects of %I‘ antagonistic

Aantt CNAN Aantihadh and hinmAarl, Ay Nriahlnc 1n natinnta wawiith At riarimataiA arvtheidic
ANt So=o Al luuuu_y, AU DTUTTTArKC T val TaAidTC S 1T PatCIitS Whhi—actverretdmatetaartArHts.
JAK Inhibition of .
3 -controlled, phase lla study f@n. Rheum. Dis. 2019, 78,

Jakinib : Systemic inhibition

39. Chen, G.-Y,; Tang, J.; Zhen([;;
Figure 2.'Comparison of cytokine-far

Induced Immune ReSponses.
therapy: (3A) CEL-2000 J-

P. tL|u Y.CD24 a
N
gSeuencez 09, 32

Systemic inhibition

'CMO-CDlSA:,S{igr.]a i

g therapies to treat autoimmune conditions. L

[ ]
Jakinib B s
S [} Systemic inhibition

ayTD'PI' reatment gf;..

' 7]

—

T J

- » oy
| -29-:&11 ot Available

nd Siglec-10 Selectively Repress Tissue Damage-
APS immunomodulating
3,1722-1725.

EAPS vaccine: Immunization of diseased animals activates dendritic cells to promote

4éhtigen.speciivenglivedpohdergand i -Malenasdiale Brui@seabs GRademrichmentiateationhitgtikine

resi25S 48 ARASRSVEUS BRNEPYIt3BY jorenigoohaitdre
dis@4sb@, ahin292ctivates antigen-specific CD4 Th2 and

Bfas beradsArianarates. AHhAsRescila@bn of
Treg cells to modulate the disease driving Thl, Th17 and

Ao CEORERITRARSES: NRSEICH. [Rais A 2% HPAnEed Bhllylickrdh V& PrealaigRe! ek for

VIRHRRRELT L EPERER BT, E8RnMONPAR' AR

tBBI3RK£95 7 A AIAAHPERIRERJRMARRY: (30)

Ney NG AL B8P 28 18 e o BIBRY RE< 8 ARt PRI L R R R SERRIRIS IREAG ORY, 1y bifiopy ob gytokine

action: Neutralization or blocking of cytokine receptor

by antibody can prevent systemic action of a specific

AanMHAET HidkiddalpiineReds Rahidlbna Y SHWPINGHR RGEHVE JRAKIRER REOSPERR BN anti-
inflAAIASSRALORARL AHEATHION? IHRER6SiR RIS AL u&33E2 38 Inhibitors of of different JAKS:

43nqligvelecple infibitess, 4 JATEMPASiHdAKS Calieesire :inasry 2A T i &tk Iha iRl Seestnasjoariepm
assERAIAThRAALIBAL TER R CBDIAPKIRTGM BRI AN CORN AR EENRIRR e 9GRRNRE URPHiGBHMil(S) that are
'nhl@b%é@ﬁﬁ?dﬂt@%@ﬁ%ﬁmvamﬂ%mmwmh@ﬂ HIPagHar Mese 2yking@egesayisted in Table 1.

44, Kubo, S.; Nakayamada, S.; Sakata, K.; Kitanag

a, Y.; Ma, X.; Lee, S.; Ishii, A.; Yamagata, K.;

Nakano, K.; Tanaka, Y. Janus kinase inhibitor baricitinib modulates human innate and adaptive

https://encyclopedia.pub/entry/17684

10/13



Balancing Immune System to Treat Rheumatoid Arthritis | Encyclopedia.pub

Thertiindigensy Steof Fremapids (Maiviel 120ik8ir® 2E580).are the jakinibs, which act by inhibiting specific receptor-
BRI RSSO X DB ARa e & ARSI PRI E] SR SHak R

abigjve, therapy), hak . astvpied By 0P SRR PAK, SRS LSnIRANRS IS RAlimelBLl (530005
innipiers et e g Jasiug iages JAKY, Jaiga JAKS gRYKA 3 have the major advantage of being taken

orally 42 The JAK enzymes most often work in pairs as homo- or heterocomplexes activating STAT molecules to
4G e HamEREEHHbA BB arfEpiifot: thd-BApRSaMh M flouBidiey kineS IR other3YBHREEI Ak aBXRikion
or iKhibRISARESY Riifen BRWRE 83pBs SUHRITIBG LY N Tt EGSRERBRS ARG @5HAg SRSSNAEEDIRE on T,
B dAIISHBE AU HiRRseasskiaRBRMARR. Rspofses 44, The expression of some JAK enzymes is more

APSHEI8g40 SRR SRHReS, HeR OlSEhFHSIaPTAE3 ©IAPRNYNS SYRAR £eSEUB AR, 1 aad MEssHS: Shis
is & thRRAREUIE 2VANIBAS S. The mechanism of action of tofacitinib—An oral Janus kinase inhibitor for

the treatment of rheumatoid arthritis. Clin. Exp. Rheumatol. 2016, 34, 318—-328.
As can be seen in Table 1, there are at least five different jakinibs approved for RA treatment in the USA, Europe,

4§ fApahemdbdveAPlanes SMinRipdbstigilio \EscRH UEARS MR Ui th JRENKRASSIRIE PeYeRMde for
its FAREBANoENL JaANBAIRRIBsFo&edBoiddfe. Different manifestations of treatment occur depending on

492 RlFYA SRICCYIM @4 P8 d5g aRAWHYPETET ANE S KBS ITBRETS ISR hBRIFRRIBRE HAYEHE RS GtR e own
as (RIGMCNRBREES R ATARSAP 855 88600NE ENRAS A STONTE RdR: BPAIPRAYAERES BIrlasyHe 30!

dovg@gg@g@_@mmatory and anti-inflammatory cytokines. Jakinib A (Figure 2E red hexagon) has activity which
is JAK 3>1 and downregulates the expression of IL-6, IL-17, IFN-y, TNF-qa, IL-4, and IL-10. Jakinib B (Figure 2F
Y HLRYTRAY b APl Rito 0@ . SRR IR NRl'RS16: 03 Brigure 26
orangBISAYON e’ KIS RSt AR g Sran NP SIS G Yy Y, RiGEl Rk ChRAC 62 RURB.0
be Torbd RS A aRinE SEER IO RIRY PARS K G LLGamE e AR S ARG ATES L s SUHA i
lethA Saty n T FRTEP 7
51. Kitanaga, Y.; Imamura, E.; Nakahara, Y.; Fukahori, H.; Fujii, Y.; Kubo, S.; Nakayamada, S.;
AltheyigBKENR Anlvitr PR Arh ACHTOBIRIAT &3EEIS BOF RARGARIBIEH ()RR dRY AivatiBierpatisntrs by the
JakigBg trhiaMENS" s R TIRYs B DL I G haHRKEH HiKitORs ITRIMEHAM RO RIEYSSH90, FooHes FYPgS that are

supposedly not involved in the JAK signaling pathway; for example, IL-17 is affected indirectly by several of these
SakihBartekiad el Ml Verish K EaeBdr i BATSE TR, ARETIN: 2 MENQIS: Keben MW RA N

inndnQLSI Ry AR 2HE BRI A IRERIES CHiRing IOt iRm0 aL Made!sah EPIRD Gax

inhl‘%m)%?%%r)} oy Qﬁlergtwg,' aﬁtrr%&tghptﬂ%r@g't(ﬁ%elzn%za'éb]a%éqfs 29£R8u clinical studies will be needed IZUIZ2Z3]
53. Singer, J.W.; Al-Fayoumi, S.; Taylor, J.; Velichko, S.; O’'Mahony, A. Comparative phenotypic
profiling of the JAK2 inhibitors ruxolitinib, fedratinib, momelotinib, and pacritinib reveals distinct
mechanistic signatures. PLoS ONE 2019, 14, e0222944.

54. Tarrant, J.M.; Galien, R.; Li, W.; Goyal, L.; Pan, Y.; Hawtin, R.; Zhang, W.; Van der Aa, A.; Taylor,
P.C. Filgotinib, a JAK1 Inhibitor, Modulates Disease-Related Biomarkers in Rheumatoid Arthritis:
Results from Two Randomized, Controlled Phase 2b Trials. Rheumatol. Ther. 2020, 7, 173-190.

55. Zhou, T.; Georgeon, S.; Moser, R.; Moore, D.J.; Caflisch, A.; Hantschel, O. Specificity and
mechanism-of-action of the JAK2 tyrosine kinase inhibitors ruxolitinib and SAR302503
(TG101348). Leukemia 2014, 28, 404—-407.

https://encyclopedia.pub/entry/17684 11/13



Balancing Immune System to Treat Rheumatoid Arthritis | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Lin, C.M.; Cooles, F.A.; Isaacs, J.D. Basic Mechanisms of JAK Inhibition. Mediterr. J. Rheumatol.
2020, 31, 100.

Pardanani, A.; Harrison, C.; Cortes, J.E.; Cervantes, F.; Mesa, R.A.; Milligan, D.; Masszi, T.;
Mishchenko, E.; Jourdan, E.; Vannucchi, A.M.; et al. Safety and Efficacy of Fedratinib in Patients
With Primary or Secondary Myelofibrosis. JAMA Oncol. 2015, 1, 643.

Blair, H.A. Fedratinib: First Approval. Drugs 2019, 79, 1719-1725.

Zarrin, A.A.; Bao, K.; Lupardus, P.; Vucic, D. Kinase inhibition in autoimmunity and inflammation.
Nat. Rev. Drug Discov. 2021, 20, 39-63.

Morris, R.; Kershaw, N.J.; Babon, J.J. The molecular details of cytokine signaling via the
JAK/STAT pathway. Protein Sci. 2018, 27, 1984—-20009.

Moura, R.A.; Fonseca, J.E. JAK Inhibitors and Modulation of B Cell Immune Responses in
Rheumatoid Arthritis. Front. Med. 2021, 7, 1105.

Markovics, A.; Zimmerman, D.H.; Mikecz, K.; Rosenthal, K.S. Suppression of Arthritis by
Immunomodulatory LEAPS Peptide Vaccines in Animal Models of Rheumatoid Arthritis. Int. J.
Drug Dev. Res. 2021, 13, 9502.

Ken S. Rosenthal; Daniel H. Zimmerman; J-LEAPS vaccines elicit antigen specific Thl responses
by promoting maturation of type 1 dendritic cells (DC1). AIMS Allergy and Immunology 2016, 1,
89-100, 10.3934/allergy.2017.2.89.

Burmester, G.R.; Feist, E.; Dorner, T. Emerging cell and cytokine targets in rheumatoid arthritis.
Nat. Rev. Rheumatol. 2013, 10, 77-88.

Lipman, N.S.; Jackson, L.R.; Trudel, L.J.; Weis-Garcia, F. Monoclonal versus polyclonal
antibodies: Distinguishing characteristics, applications, and information resources. ILAR J. 2005,
46, 258-267.

Leonard, W.J.; Lin, J.X.; O’'Shea, J.J. The y ¢ Family of Cytokines: Basic Biology to Therapeutic
Ramifications. Immunity 2019, 50, 832—850.

O’Shea, J.J.; Plenge, R. JAK and STAT Signaling Molecules in Immunoregulation and Immune-
Mediated Disease. Immunity 2012, 36, 542-550.

O’shea, J.J.; Kontzias, A.; Yamaoka, K.; Tanaka, Y.; Laurence, A. Janus kinase Inhibitors in
autoimmune diseases. Ann. Rheum. Dis. 2013, 72, ii111-ii115.

Schwartz, D.M.; Bonelli, M.; Gadina, M.; O’shea, J.J. Type | Il cytokines, JAKs, and new
strategies for treating autoimmune diseases. Nat. Rev. Rheumatol. 2016, 12, 25-36.

Schwartz, D.M.; Kanno, Y.; Villarino, A.; Ward, M.; Gadina, M.; O’Shea, J.J. Jak inhibition as a
therapetuic strategy for immune and inflammatory diseases. Nat. Rev. Drug Discov. 2017, 17,

https://encyclopedia.pub/entry/17684 12/13



Balancing Immune System to Treat Rheumatoid Arthritis | Encyclopedia.pub

71.

72.

73.

74.

843-862.

Smolen, J.S.; Landewe, R.B.M.; Bijlsma, J.W.J.; Burmester, G.R.; Dougados, M.; Kerschbaumer,
A.; Mclnnes, 1.B.; Sepriano, A.; Van Vollenhoven, R.F.; De Wit, M.; et al. EULAR
recommendations for the management of rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2019 update. Ann. Rheum. Dis. 2020, 79, S685-S699.

Chatzidionysiou, K. Beyond Methotrexate and Biologics in RA—Efficacy of JAK Inhibitors and
their Place in the Current Treatment Armamentarium. Mediterr. J. Rheumatol. 2020, 31, 120-128.

Kotyla, P.J. Are Janus Kinase Inhibitors Superior over Classic Biologic Agents in RA Patients?
Biomed Res. Int. 2018, 2018, 7492904.

Adrienn Markovics; Ken S. Rosenthal; Katalin Mikecz; Roy E. Carambula; Jason C. Ciemielewski;
Daniel H. Zimmerman; Restoring the Balance between Pro-Inflammatory and Anti-Inflammatory
Cytokines in the Treatment of Rheumatoid Arthritis: New Insights from Animal Models.
Biomedicines 2021, 10, 44, 10.3390/biomedicines10010044.

Retrieved from https://encyclopedia.pub/entry/history/show/54748

https://encyclopedia.pub/entry/17684 13/13



