S

SZABO MELINDA:

UTOIMMWNITAS
NTITESTEK

-l ‘

2017.03.02.




Mirdl lesz szd?e
S

Réviden: az immunrendszer felépitése

Az autoimmunitds kialakuldsa, tolerancia

megszunése
Autoimmun betegségek patogenetikdija

Terdpids ellenanyagok a reumatolégidban
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Mi az immunrendszer?

A szervezet egészére kiterjedd, sejtes és molekuldaris
elemekbdl alls, komplex HALOZAT.

Legfébb funkcidja az egyedi dllandésdg és integritds
folyamatos fenntartdsa, azaz mind a kilsé behatoldk
(kérokozdk), mind a sajdt strukturdk megvdaltozdsa
(virusfertézések, mutdcidk, rosszindulatd daganatok)
elleni védekezés.

A tdmadd és a tolerdléd immunvdlasz egyensulya
alakitja ki azt a hdlézatot, amely folyamatosan és
nagyon hatékonyan képes a szervezet védelmére.



Az immunrendszer részeij
S

Fehérvérsejtek

Bekebelezik a kérokozdkat

Feldolgozzdk

Antitesteket termelnek
Antitestek

Beburkoljdk, blokkoljdk a kérokozékat

Aktivalijdk a védekezésért felelds sejteket és a gyulladdsos valaszt
simmunfehérijék”

Természetes védekezd anyagok
Komplement

Kozvetitenek a sejtek kozotti kommunikdcidban
TNF-a, I1L-6 ()






Az immunrendszer felépitése
-

Veleszuletett Szerzett

Nem antigén specifikus * Antigén specifikus

. , . * Immunoldgiai memoéria
Nincs immunoldégiai

, . * |atencia utdn aktivdalodik
memoaria ) ]
e Az immunvdlasz

Gyors reaktivitas exponencidlis erdsitése
Az immunvdlasz linedris

erositése
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A centrdlis és periférids
tolerancia kialakuldsa

Central Peptide
Thymocyte TCR antigen MHC

Bone marfow  ee——3p Thymus

Positive
selection

l
\ J
Effector T cells
1(,04 cD8%)
Peripheral
expression
Regulatory T cells
(CD4', CD25",
CTLA4",. FOXP3")

T-cell proliferation .
and differentiation /£

Antibodies cTL /——— |
o

/@O , B-cell help
Humoral

immunity | P
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Tolerancia megszinése
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Az autoimmunitas kialakulasanak

Fertézés, gyulladas, trauma fO mechanizmusai
Elzart antigén szabadon kerulése i S T
(sz(‘jveti destrukcié) Fel‘tOZGS, kOIOnIZBCIO
Kriptikus epitop expresszalédasa i e Keresztreagal6 mikrobialis
(molekularis destrukcio) * Antigénprezentacio antigén
Antigén expresszit fokozodasa l
Saiatot fell 5 Gatlo citokinkornyezet
. . ajatot relismer felflggesztddése
Fehérjék, szénhidratok médosulasa : : g i :
(riegualtozolt sala) T-sejtek aktivalasa Anergia v'ssczsfgﬁ:gﬁf::/ regulacio
'

) Fert6zés, gyulladas, trauma
Target felismerés és

pusztitas a periférian

I

Még tobb
autoantigen
szabadul fel

|

Abra: Prohdszka Zoltén



Az autoimmunitds definicidja, posztuldtumai
e

Definidlt autoantigén
Kimutathaté autoantitest vagy autoreaktiv T-sejt
Allatmodell igazolia a betegséget

Passziv transzferrel igazolni lehessen az autoantitestek vagy
autoreaktiv T-sejtek patogén szerepét

A diagnosztika fejlédésével, a patogenezis jobb megértésével
és az autoimmun betegségek csokrdnak szinesedésével a fenti
posztuldtumok nem minden esetben igazolhaték (3., 4. pont)



Pick an organ, any organ. ..

Autoimmunity can affect ANY organ/organ system in the human body

Rheumatic Fever Goodpasture’s Syndrome

Autoimmune Hepatitis Diabetes

Addison’s Disease

Autoimmune Oophoritis Ulcerative Colitis

Rheumatoid Arthritis Autoimmune hemolytic Anemia

17

http://www.slideshare.net/doctorrao /autoimmunity-11655922 (2017.02.03.)
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Szisztémds autoimmun betegségek
-

Szisztémds lupus erythematosus
Sjogren kor

Kevert kétdszoveti betegségek
Gyulladdsos izombetegségek
Szisztémds sclerosis
ANCA-asszocidlt vasculitisek
Nagyérvasculitisek
Antifoszfolipid szindréma
Rheumatoid arthritis
Spondylitis ankylopoetica



1. Szisztémds lupus erythematosus

Pleural
effusions

Butterfly rash

Heart
problems

Lupus
nephritis

Symptoms of
systemic lupus
erythematosus

may vary widely
with the individual

_Arthritis

Raynaud’s
../ phenomenon

#ADAM.

A veleszuletett IR védd hatdsa
lupusban:




SLE patogenezis




Oxidativ stressz SLE-ben

mitochondrial
ROI production

Increased

mitochondrial
biogenesis + A¥Ym
Increased 4

Glutathione Lack of

depletion NADPH

v '

}

Reduced
mitophagy

Rapamycin *

Deficient - Catalase
neutralization deficiency
of ROI

mToR activation

'

Altered Ca?* storage

A

'

DNMT-mediated
activation of FOXP3

Rab4-mediated
recycling of CD3(

'

CREM-mediated activation of
IL17 and suppression of IL2

/

T-cell lineage changes

'
;‘I SLE pathology :

RN cevuroer
REVIEWS RHEUMATOLOGY

Perl, A. (201 3) Oxidative stress in the pathology
and treatment of systemic lupus erythematosus
Nat. Rev. Rheumatol.
doi:10.1038/nrrheum.2013.147



2. Sjogen koér

Ways Sjogren’s syndrome may affect the body

Venus Williams Brings Attention to Sjogren’s Syndrome
By TARA PARKER-POPE SEPTEMBER 2. 2011 12:44 PM N 53

SIS Before this week, many people had

probably never heard of Sjogren’s
bronchitis, syndrome, one of the most prevalent
autoimmune disorders. But the recent

agitis

announcement by tennis star Venus
Williams that she was suffering from
fatigue and other symptoms related to
Sjogren’s has brought needed attention
to a troubling condition.

The disease often starts out as an
uncomfortable feeling in the eyes and \
Peripheral neuropathy ain te 2 mouth, writes medical reporter Gina zy Allman for The Ne

nd ting Kolata. TimesVenus Williams was for:

n the extremities)

http:/ /www.diseasesweb.org/syndromes/sjogrens-syndrome, emedicine.medscape.com
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A Sjogren kér patogenezise
—

Other activator
A\ of innate immunity?

Virus?

Epithelial cell

NK-cell
activation

IFN-
Nocturne, G. & Mariette, X. (2013) Advances in understanding the ICs ( % v

pathogenesisof primary Sjégren’s syndrome ‘E{ E{

Nat. Rev. Rheumatol. doi:10.1038 /nrrheum.2013.110

REVIEWS L
NIV 1AV RHEUMATOLOGY
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3. Gyulladdsos izombetegségek




Myositisek patogenezise
_

ER-strass and
MHC class | loading complex

Activation of NFKB

ABPP folding
0 0 0 /
Chemokines 0 ¢
° o
Cytokines o o e U 7

B

o (¢}
nature Dalakas MC (2006) Mechanisms of Disease: signaling pathways
CLINICAL and immunobiology of inflammatory
PRACTICE myopathies Nat Clin Pract Rheumatol 2: 219-227 doi:10.1038/ncprheum0140



4. Antifoszfolipid szindréma

aPL -anti-R2 GP1 ENDOTHELIAL
WCANM-1 CELL
Coagulation - Fibnolysis ENM‘ E-veiyoin 11, 6 ILE
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APS kezelése

S8Y |ounwiwy 1

Sey [ounwiw

ROS i—| N-acetylcysteine, coenzyme Qy, l

Free thiol
o i N

SHSH
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Journal of Immunology Research

Home Editorial Board Author Guidelines  Aims and Scope  Submit a Manuscript

J Immunol Res. 2015; 2015: 951424, PMCID: PMC443651€
Published onine 2015 May 5. doi: 10.1155/2015/951424

Treatment of Thrombotic Antiphospholipid Syndrome: The Rationale of Current
Management—An Insight into Future Approaches

P 0 4

Cetilia Beztrice Chighizolz,
Author information » Article no:es » Copyright and Licensz information »

Tania Ubiali, 2+ 3and Pier Luigi Meroni 123"

Mechanisms of action of potential future therapeutic tools in APS. ROS: reactive oxygen species: 82GPI: 52 glvcoprotein I: a32GPIL:
antibodies against S2GPI: PDI: protem disulfide isomerase: ACEi: angiotensin-converting enzyme inhibitors: TLR: Toll-like receptor: TF:

tissue factor: eNOS: endothelial nitric oxide synthase: GP: glycoprotein: IL: interleukin: TNF: tumour necrosis factor: PI3K:

phosphatidylinositol 3-kinase: mTOR: mammalian target of rapamycin.



5. Szisztémds sclerosis




Szisztémdas sclerosis
]

Complications of systemic sclerosis

Severn [aamans
M Qangrine



Szisztémds sclerosis patogenezise
_

W »
(% @4 -Z. Adhesion ‘

Migration  VCAM, ICAM, E-Selectin
Macrophages Activation /J d W

Monocytes

.:
Neutrophils (\\ IanamI:'natory "~
(% cells ;
\ 16 LymphocytesT

A
ET-1 IL-4
TGF-B
‘ ‘ Throﬁn /
11-8, MIP-1a 9

' MCP-1 Autoinduction
RANTES
o Flbroblast Myoﬁbroblast
\ TGF-B
TNO ﬁ PDGF

CTGF



6. Szisztémds vasculitisek




/. Rheumatoid arthritis




RA patogenezise

Immune

.‘ compiexes Osteoclast ¢ e

Tcell help
Co-stimulation )’

k‘
Plasma cell

\o Complement ﬂ:ozs & Fc ?ruz P rank QO RANKL = (Auto)antibody,
receptor BCR

nature fecapnor
© Complement © (Auto)antigen / g%g VTCR i CD40 CD40 []MHC

REVIEWS RHEUMATOLOGY i

Smolen, J. S. et al. (2012) The pathogenesis of rheumatoid arthritis: new insights from old clinical data?
Nat. Rev. Rheumatol. doi:10.1038 /nrrheum.2012.23



8. Spondylitis ankylopoetica

Normal anatomy Ankylosing spondylitis

Normal L.oss of
S-curve normal
of spine curvature

|



SPA patogenezise

Osteoproliferation

Cartilage
destruction

Bone erosion

Enthesitis

Synovitis

Cutaneous lesions




Antitestek

Framework Antigen b Antagonism | Signalling | cc ? ADCC

regions binding 18G4 ’ 18G4 : 1gGl | 1gGl

18G3 f { 1gG3 } IgG3
‘ : IgM :

Complement

Fe binding
Types of mAbs
Murine Entirely murine amino acids 0’ = mouse
e.g. muromonab
Chimeric Human constant (C) ‘xi' = chimeric

+ murine variable (V) regions  e.g. rituximab

Humanized ~Murine complementarity ‘zu’ = humanized infiiximab
determining regions (CDRs)  e.g. alemtuzumab Orraliziraah | : :
Human Entirely human amino acids ‘v’ = human Natalizumab ; ; Alemtuzumab : Alemtuzumab
e.g. adalimumab Daclizumab ' TGNMIZ | | Rituximab Rituximab

Nature Reviews | Drug Discovery



Antitestek
]

'8G Chimeric Antibody Antibody Structure
(cAb)
Heavy Chain
Fab-
antigen
binding
mouse rabbit/mouse cAb region
Light Chain
Fc-
Effector
binding
region
human rabbit/human cAb mouse/human cAb

. Mouse sequences
‘ Human sequences
‘ Rabbit sequences

rabbit mouse/rabbit cAb




Antitestek, monoklondlis ellenanyagok

-
Antitestek:

lgG fehérjecsaldd tagjai
Specifikusan az antigénhez kapcsolédnak = hatastalanitas
Epitop: az Ag fellletén a kapcsolodasi rész

Monoklonalis ellenanyagok:

Egyetlen B ly klén termékei
Homogének (antigén specificitas, affinitas, izotipus)
Nagy mennyiségben és azonos mindségben allithatok el6



Monoklondlis ellenanyag
]

e

Antigen

Antibody-  Tumorcells
Immunization Isolate farming cells

immune cells ; 3
Q\\ F

Hybridomas % o

- Yo
Clunai

kA Hybridomas screened
- * -7 for production of desired
Mnnuclunal expansion  AY AT antibody
antibodies Antibody-producing

hybridomas cloned



1984. Nobel-dij - Milstein, Kdhler, Jerne

,,for theories concerning the specificity in development and control of the immune system
and the discovery of the principle for production of monoclonal antibodies"™.



Immunogenitds
]

Murine Chimeric Humanized Fully Human
(0% human) (65% human) (> 90% human) (100% human)

N7 N7 \/ \

.

Generic suffix -omab -ximab -zumab -umab

Potential for immunogenicity




Autoimmun gyulladasos betegségek (RA, IBD, psoriasis, SM, stb.) —
terapias antitestek

» gyulladasos citokinek elleni antitestek

TNFa—gatlok

infliximab (Remicade, Remsima, Inflectra,

adalimumab (Humira),
certolizumab pegol (Cimzia),
golimumab (Simponi),
etanercept (Enbrel)
IL-6 gatlo
tocilizumab (RoActemra)
IL-12/23 gatlé
ustekinumab (Stelara)

» adhézios molekula blokkolo
natalizumab (Tysabri, ad-integrin)

#» ko-stimulacio gatlé
abatacept (Orencia, CD 80/86)

THF Enhihitars
- [Eramercaat
InFizimal l =
I @ Certolizumab pegol
fee= ]
““‘*}s %g &

Golimumat

Other blologic agents

% Q_. L2 sigraiing | % J TT;E_TWBE

Artigen
Feitudrmaly
Tcell recopior
ﬁ £na0

ch2e

MHC

CDBD
ar COBRE

noatorest W ——y [ Co-stimutatory signal | Bosll depletian




~

Tregallzumab 3

rodaluma—
 Ixekizumab
'cukmum%i

------ SAPRIL

Effector
T cell

pt

vy
QLLAtamce

Adalimumal ~ Sarilumab
’ ertolizumab Slrukumab

Etanercept
Golimumab
| Jnﬂuxnma}g‘

Bone marrow Preosteoclast - ’
stromal cell Osteoclast

Nature Reviews | Gastroenterology & Hepatology



TNF-O

l'gourc_e} [:I'arget‘:e'iﬂ [ Effector mechanism ] - Consequence ]
S - . | Angiogenesisand |
@ hypervascularization !
Activation, pro-inflammatory
IL-1.IL-6 cytokine production and
f > LM " land INF | T | suppression of regulatory
DC Macrophage SR macrophages
e J IEC  |IEC:MLCK IEC: cell death and
> | TNF — a A et "J' » | impaired barrier function
= =) G \ ' Paneth cell: I _
Tcell Paneth cell LRIPK1 and RIPK3 | Paneth cell: necroptosis
MMP-induced tissue

— — ’ %[fIMPiJ » | destruction and

Myofibroblast impaired migration
Adipocyte
o . f = 'l(poptosis resistance, cell
Q > | TRAF2 and NF-xB|— survival and IL-6 synthesis
ibroblast

Effector T cell

Nature Reviews | Immunoclogy
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TNF-a gatlas




Autoimmun gyulladasos betegségek (RA, IBD, psoriasis, SM, stb.) —
terapias antitestek

# gyulladasos citokinek elleni antitestek

TNFa—gatlok

infliximab (Remicade, Remsima, Inflectra,

adalimumab (Humira),
certolizumab pegol (Cimzia),
golimumab (Simponi),
etanercept (Enbrel)
IL-6 gatlo
tocilizumab (RoActemra)
IL-12/23 gatlé
ustekinumab (Stelara)

#» adhézios molekula blokkold
natalizumab (Tysabri, ad-integrin)

» ko-stimulacio gatlo
abatacept (Orencia, CD 80/86)

THF ihabitors
Etanercept
It Imah
® Certalizumab pegol

Adalimumaty
Golimumat

Other biologic agents

% $—| IL-1 signaiing | % J TTE:?*WE

Antigen
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Specific cell
responses

IL-6 blockers

¢ Sirukumab  * ALX-0061
* Olokizumab * EBI-029
* Clazakizumab

. Trans-signaling blockers
— g g

* FE999301

IL-6R blockers

* Tocilizumab *ALD518
e Sarilumab  * NI-1201
* Siltuximab

R —

Signaling blockers
* Tofacitinib
* Ruxolitinib
* CpG-stat3 siRNA

&C terminus

Interleukin-6

FE999301

|—| Olokizumab |

Sirukumab
Clazakizumab
MEDI 5517

Tocilizumab
Sarilumab
ALX-0061

FE999301

EBI-029




Immune

\1 r complex
Plasma cells o

O
Q

Autoantibodies

a Autoantibody production J

~ Kidney deposition
Effector mechanisms
FcR, complement,

1 inflammation

Killing or removal
. of self

Antigen-positive
target cell

b Autoantigen presentation to T cells Activated
autoreactive

::l:\ot;ne = T cells
1 cells O, Cytokine
production
_—
Activated More help for

Tcells B cells

Auto-
antigen



¢ Cytokine production
© o)
(o} Effects on
© ® © @ leukocytes and
(+] © (o) o stromal cells

—_—
' ®© O o
- e ° (@] Inflammation
Activated B cells 8

d Induction of ectopic architecture

Surface
lymphotoxin

Organized lymphoid
tissue in chronic
inflammation

Increased efhciency

Copyright © 2006 Nature Publishing Group
Nature Reviews | Drug Discovery



Antibody-dependent cellular cytotoxicity mechanism

Macrophage
Natural killer cell
L\
Dead B cell

—_—

Anti-CD20 / @

Complement-dependent cytotoxicity mechanism
CD20
\N Membrane
B —

) attack
— complex
B cell 3 7
Complement D D

binding and
activation

Direct apoptosis

Apoptotic
B cell

—_ !
.
<

cD720
translocation
to lipid rafts?

Copyright © 2006 Nature Publishing Group
Nature Reviews | Diug Discovery






Autoimmun gyulladasos betegségek (RA, IBD, psoriasis, SM, stb.) —
terapias antitestek

# gyulladasos citokinek elleni antitestek

TNFa—gatlok

infliximab (Remicade, Remsima, Inflectra,

adalimumab (Humira),
certolizumab pegol (Cimzia),
golimumab (Simponi),
etanercept (Enbrel)
IL-6 gatlo
tocilizumab (RoActemra)
IL-12/23 gatlé
ustekinumab (Stelara)

#» adhézios molekula blokkold
natalizumab (Tysabri, ad-integrin)

» ko-stimulacio gatlo
abatacept (Orencia, CD 80/86)

THF ihabitors
Etanercept
It Imah
® Certalizumab pegol

Adalimumaty
Golimumat

Other biologic agents

% $—| IL-1 signaiing | % J TTE:?*WE

Antigen
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'ﬁi ch20
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/ Adaptive immunity

Innate immunity

Innate immunity

9 icoratinosyl
eratinocyte
‘ IL-1p IL-12 Ty 1 cell TNF-o
IL-6 IFN-y Antimicrobial
i peptides
TNF-a TNF-a. ‘ IL-1p
IFN-y g IL-6
Natural killer ; Activation TNF-o.
T cell S100
* o CXCL8
CXCL9
Myg[ond Keratinocyte CXCL10
dendritic cell CXCL11

? IL-23 CCL20
W IL-17A
IL-17F
IL-22
Plasmacytoid TNF-o

dendritic cell
O &

Macrophage

T,17 cell




Autoimmun gyulladasos betegségek (RA, IBD, psoriasis, SM, stb.) -
terapias antitestek

» gyulladasos citokinek elleni antitestek RN A
TNFa—gatlok \: ’( _Conotzuman pegol
infliximab (Remicade, Remsima, Inflectra, —— ®
adalimumab (Humira), \(w.m
certolizumab pegol (Cimzia),

Other biologic agents

golimumab (Simponi), po—— % A
etanercept (Enbrel) — L1 spaing] V4 S Lkl
IL-6 gatlo Y"’
tocilizumab (RoActemra)
IL-12/23 gétlé srtgen

ustekinumab (Stelara)

» adhéziés molekula blokkold

natalizumab (Tysabri, ad-integrin)

N

+ ko-stimulacio gatlo
abatacept (Orencia, CD 80/86)
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_C:

abb célzott terdpidk

Naive CD4+ cell

Ustekinumab
Briakinumab

SMI OOOO IL-21 }—l in development ]

|

IL-6, TGFB, IL-23

Secukinumab
Ixekizumab

Th17 cell ‘

' | Mavrilimumab I

IL-17A % IL-17F
@ 0

| Brodalumab |— i IL-17R i IL-17R 1 Brodalumab |

TRENDS in Pharmacological Sciences




Apremilast: PDE4 inhibitor — hatékony PsA-ben

€ w;
Prostagandin’  PDES inhibitor
&W (e.g. apremiast) 5 70 # Apremilast 20 mg BID
m’.——; W g 8 Apremitast 30 mg BID il
&
g
cmvwmcmumn g
CAMP.GEFSEPACS g
N .gigluéli% L’" x\ L10 ? -
o v T v T J
\!R D 0 16 24 40 52
Figure 1. Mechanism of action of PDE4 inhibition in monocytes. Mw.*

1. Schett et al. Ther Adv Musc Dis. 2010;2:271-278;
2. Kavanaugh et al. ] Rheumatol. 2015;23:479-488.



SYK PI3K
MAPK Lipid |
' N messengers
g PISK /
‘ SYK PI3K l
X N
Kinases Second
messengers
N
Kinases

/ SR ERK

L

——Gene transcnptlon . Cytoplasm

ANANX

Nucleus

Source: Int J Clin Rheum © 2012 Future Medicine Ltd




MAPK pathway Syk-Btk pathway JAK-STAT pathway

5 % : 1 1 &
Stimuli Proinflammatory e Anti Type | cytokines
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