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Bevezetés



Az igazi Bermuda-haromszog

Adhézié-migracio

chemokinek angiogenesis



RA patogenezise: j6 példa
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Smolen & Steiner, Nature Rev. Drug Disc.2003



Sejtadhézid, migracidé, homing



Jelzett monocytak a gyulladt iziletben

Thurlings et al. PLoS One 2009;4:e7865



Mikrocirkulacio

In vivo videomicroscop (fluorescence)(Mikecz et al)




Homing



Nyirokcsomo vs arthritises synovium

(lymphoid neogenesis, tercier strukturak)




Sejtadhézio
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Sejtadhéziéos molekula (CAM)
szupercsaladok

+ Integrinek

< Immunglobulin szupercsalad

« Szelektinek

« Cadherinek

«+ Egyebek (pl. CD44, VAP-1)



Integrinek

+ off heterodimerek

- kozos B (1-8) és specifikus o (1-11) alegység

+» sejt-ECM interakcidk
+ Szignaltranszdukcio

« o1-11)B1 VLA antigének, matrix ligand
+ ofL,M,X)B2 leukocyta integrinek, masik CAM
« o(V,lIIb)B3 matrix ligand (thr aggregatio)

+» o6p4 laminin

+ oVB5 VN, FN

+ oVB6 VN

» odp7 VCAM-1 (homing, Peyer plakk)

+ oVB8 VN



Immunglobulin szupercsalad

+» lg-domainek

+ integrin-ligandok
+ széles expresszio

+ ICAM-1

+ ICAM-2

+ ICAM-3

+ VCAM-1

+ CD31/PECAM
+ CD2

» LFA-3

LFA-1, Mac-1 sok sejt

LFA-1 nyugvo end.
LFA-1 szignal
a4B1/VLA-4 sok sejt
homolédg endothel
LFA-3 leukocyta
CD2 endothel



Szelektinek

+ Lektin-EGF domainek

+ L-szelektin (LEU) sialyl-Lewis-X

» E-szelektin (END) ESGL-1, sLx

+ P-szelektin (END) PSGL-1, sLx
Cadherinek

E-cadherin (endothel)
P-cadherin (platelet)

N-cadherin (neuralis)
Cadherin-11



CD44

CD44

CD44



Fiziologias leukocyta migracio

Manning et al, Front Cell Dev Biol 2021



Patoldgias (gyulladasos) leukocyta migracio

Manning et al, Front Cell Dev Biol 2021



A gyulladas példaja: RA



Madszerek

Manning et al, Front Cell Dev Biol 2021



Adhézios molekulak RA-ban

(immunhisztokémia)

Szekanecz, In: Klinikai immunolégia (szerkesztés alatt)



Adhézios receptorok RA-ben

ICAM-1 ICAM-1 ICAM-3

Szekanecz et al. Arthritis Rheum. 1994;37:221-31.



Patkany AIA - B2 integrinek




IBD: bél leukocytak — synovium

Az enteropathias arthritis modellje
Stamper-Woodruff assay

Salmi et al, 2001



Chemokinek



Chemokin és chemokin receptor csaladok

** CXC chemokinek CXCL - CXCR

** CC chemokinek CCL-CCR

** C chemokinek CL-CR
**CX3C chemokinek CX3CL — CX3CR

C = cystein, X = egyéb aminosav



Chemokin funkciok

**Leukocyta chemotaxis
**CXC: neutrophil
** CC: mononuclearis

‘*Angiogenesis
** ELR+ CXC: angiogén
** ELR- CXC: angiosztatikus

s*Adhéziés molekula capping



CXC, CX3C és C chemokinek

Miyabe et al, JMA Journal 2020



CC chemokinek

Miyabe et al, JMA Journal 2020



Chemokinek és receptoraik

Oda_vissza redundancia 111 Szekanecz & Koch. Nat Rev Rheumatol. 2016;12:5-13.



Chemokinek rheumatoid arthritisben

Szekanecz & Koch. Nat Rev Rheumatol. 2016;12:5-13.



Mean Count/2.1mm2 (sem)

Chemokinek RA-ban és GCA-ban
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Miyabe et al, JMA Journal 2020




CXCL13/CXCR5 —,,szuper”-chemokin

Pan et al, Front Immunol 2022



Chemokin-CAM szabalyozas

Sun et al, Front Immunol 2021



Angiogenesis



Az angiogenezis folyamata

Fearon, Szekanecz, Veale, In: Kelleys Textbook of Rheumatology, 2019



Az angiogenezis szereploi

Tas, Szekanecz et al, Nat Rev Rheumatol 2016



Angiogén mediatorok és gatldk - redundancia

Szekanecz, In: Klinikai immunolégia (szerkesztés alatt)



Angiogén mediatorok

Szekanecz, Koch Nature Clin Pract Rheumatol 2007



A VEGF csalad és receptorai



Gyulladasok, tumorok: hypoxia

Ng et al, ARD 2012



Hypoxia — VEGF - HIF

Szekanecz, Koch, Kelley’s Textbook of Rheumatology, 2016



VEGF szignalizacio

VEGF



VEGF funkcidok

Kwon et al, Int J Mol Sci 2021



Angiogenesis arthritisekben

PsA RA

Reece et al, Arthritis Rheum 1999
Fearon et al, Ann NY Acad Sci 1999



RA synovium



VEGF és Ang2 RA és PsA synoviumban

PsA RA

VEGF VEGF

PsA OA
Ang2 Ang2

Fearon et al; 2003



RA: betegségtartam és aktivitas

VEGF VALUES
g s § & 2

Ozgonenel et al, Clin Rheumatol 2010
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VEGF: aktivitas és destrukcio markere
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SpA — VEGF aktivitasi marker — anti-TNF

Drouart et al, Clin Exp Immunol 2013
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VEGF autoimmun betegségekben
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Angiogenezis és VEGF a csontban

Chin et al, Cytokine Growth Fact Rev 2013
Schipani et al, JBMR 2009
Saran et al, Arch Biochem Biophys 2014



VEGF — osteoclastogenesis RA-ban

Monocyta
osteoclastogenesis

Liu et al, Arch Immunol Ther Exp 2014
Kim et al, PLOS One 2015



RA: HIF expresszid

Giatromanolaki et al, ART 2003



RA: angiogén és angiosztatikus mediatorok

Szekanecz, Koch, Hochberg’s Rheumatology, 2014



Célzott terapias lehet6ségek (redundancial)



Terapia: adhézio gatlas

Anti-Adhesion Therapies

Leukocyte

Monoclonal antibodies
Soluble receptors

Small molecules, e.g.,
saccharides

R { Peptides

Endothelial Cell




o4B7 integrin — vedolizumab (Crohn)

+ a4B1 integrin — natalizumab (SM) Lin et al. Medicine 2015



ad4B7 integrin — vedolizumab (IBD-extraintestinalis)

Hanzel et bal, Drugs 2021



Anti-adhézios terapias lehetoségek

Baker & Isaacs, Ann Rheum Dis 2018



Anti-VCAM-1: transzplantacio, onkologia

Kong et al, Int J Mol Sci 2018



Gyogyszer-peptid konjugatumok — fokozott hatas?
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Chemokin gatlas a reumatologiaban:
indirekt és direkt

Elemam et al, ImmunoTargets Ther 2020



Chemokin gatlas a reumatologiaban
Redundancial

Miyabe et al, JMA Journal 2020



Angiogenezis gatlas

.




VEGF targeting — RA/OA

Hamilton et al, JBMR 2016



VEGF targeting — anti-VEGF-RI ab
(CIA)
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Choi et al, Clin Rheumatol 2009



VEGF targeting — iv bevacizumab -
porcdefektusok/OA

Safranin O festés

O

Osteophyte formation score

Nagai et al, ART 2010; 2014



HIF targeting (BP1) — arthritis modell
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Shankar et al, Biophys Biochem Res Commun 2009



Angiogenesis gatlas

Table 1| FDA-approved compounds that target angiogenesis pathways

Compound Pathway Indication Reference

Sunitinib Tyrosine Renal cell carcinoma, Furuya et al. (2014)%
kinase gastrointestinal stromal tumour

Pazopanib Tyrosine Renal cell carcinoma, soft tissue  Bukowski et al. (2010)%
kinase carcinoma

Bortezomib ~ NFkB Multiple myeloma Kwak et al. (2011)%®

Tacrolimus INK,;p38  Organ transplantation,eczema  Choe etal.(2011)"

Tofacitinib JAK3 Rheumatoid arthritis van Vollenhoven

(2013)'%
Dasatinib Srckinase  Chronic myeloid leukaemia, Ozanneetal. (2014)'5

acute lymphoblastic leukaemia

Még 22 molekula klinikai és 7 preklinikai vizsgalatban

Tas et al. Nat Rev Rheumatol. 2016;12:111-22.



A terapias kudarc magyarazatai

Redundancy of chemokines and chemokine receptors

* Multiple ligands can exist for one receptor, as well as multiple receptors for one
chemokine, so blocking a specific chemokine or receptor might not be effective;

however, the importance of redundancy has been challenged’#%108:199

Cross-species target prediction

* A chemokine-receptor inhibitor can have different affinity for the rodent and human
forms of the targeted receptor. For example, both CCR2 and CCR5 show considerable

species-specific variation®10%104105108,110

Structure modification

¢ Citrullination of chemokines can alter their receptor-binding characteristics,
rendering blocking agents ineffective®

Cleavage of chemokines by proteases

* Enzymes such as matrix metalloproteinases can cleave chemokines, potentially

altering receptor targeting!*!*2

Choice of dosage and timing
* Doses of agents and timing of delivery chosen for studies might not result in

therapeutically optimal levels in vivo®1%

Undesired inhibition of anti-inflammatory cells

* In addition to the blockade of inflammatory cells, chemokine-pathway targeting can
simultaneously affect anti-inflammatory cells, such as requlatory T cells!3*

Interference with homeostatic function

* In addition to inflammation, several chemokines (including CXCL12, CXCL13,
CXCL16, CCL19 and CCL21) affect homeostatic functions, such as lymphoid
development and physiological homing. Chemokine blockade might interfere with

these physiological processes!#1>11%116

Insufficiency of receptor occupancy
* Continuous, high levels of receptor occupancy might be required throughout the

period of treatment, to prevent chemokine signalling?®~®

Szekanecz & Koch. Nat Rev Rheumatol. 2016;12:5-13.



Osszefoglalas

Khodadust et al, Int J Mol Sci 2022



