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Non-Infectious Inflammatory Diseases (NIID)
Major causes of inflammation in Internal Medicine

v' Autoimmune diseases
v Autoinflammatory diseases
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Innate Immunity

Immunological
Disease
Auto- C i
inflammation ontinuum

autoinflammation and autoimmunity are the two
opposite poles of the same spectrum disorders
that are characterized by immune response
dysregulation and chronic inflammation

Autoinflammatory:
Diseases with
Immuno-

~
y
deficiency ~ arthritis
Ankylosing
\ Spondyitis

» * McGonagle D, McDermott MF. PLoS Med. 2006
Adaptive immunity * Peckham et al. J Pathol. 2016
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Common characteristics of
systemic autoinflammatory diseases (SAIDs)

* Systemic inflammation/recurrent fever/neutrophilia

* Dysregulation of innate immunity

* Absence of autoantibodies /autoreactive T-cells

* Absence of active infection

* Monogenic periodic fever syndromes

* Multifactorial diseases or common metabolic disorders

* If untreaded, progressive organ damage, morbidity & increased mortality

IL-1-mediated autoinflammatory diseases: most frequent

monogenic periodic fevers (HPFs)

* Characterized by recurrent attacks of fever; rash; serositis; lymphadenopathy; and
musculoskeletal involvement

* In HPFs, genetic mutations lead to dysregulation of the innate immune system and to
episodic manifestations of systemic inflammation

— Familial Mediterranean fever (FMF)
— Hyperimmunoglobulinemia D and periodic fever syndrome (HIDS)
— Tumor necrosis factor receptor—associated periodic syndrome (TRAPS)

— Cryopyrin-associated periodic syndromes (CAPS) "'.?:?;2?

RANGE OF SEVERITY OF CAPS INFLAMMATION g
‘ A

Overlap of Symptoms Can Exist Between The Syndrome Classifications

https://www.autoinflammatorydiseases.com/autoinflammatory-diseases Number of people worldwide
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CLINICAL classification criteria for hereditary recurrent fevers

CAPS FMF

Presence of at least two of five*: At least six out of nine:
> Urticarial rash. Presence
» Cold/Stress-triggered » Eastern Mediterranean

episodes. ethnicity.
» Sensorineural hearing loss. » Duration of episodes, 1-3
P Chronic aseptic meningitis. days.
» Skeletal abnormalities » Chest pain.

(epiphysial overgrowth/frontal ® Abdominal pain.

bossing). »  Arthritis.

Absence

» Aphthous stomatitis.
» Urticarial rash.

» Maculopapular rash.
» Painful lymph nodes.
Sensitivity: 0.91
Specificity: 0.92
Accuracy: 0.97

Sensitivity: 0.80
Specificity: 0.91
Accuracy: 0.85

TRAPS MVK

Score =5 points: Presence of at least three of six:
Presence P Age at onset <1 years.
> Fever =7 days (2 points). P Gastrointestinal symptoms.
> Fever 5-6 days (1 point). »  Painful lymph nodes.
» Migratory rash (1 point). » Aphthous stomatitis.
> Periorbital oedema (1 point).  ® Triggers.
» Myalgia (1 point). » Maculopapular rash.
> Positive family history (1

point).
Absence

» Aphthous stomatitis (1 point).
> Pharyngotonsillitis (1 point).

Sensitivity: 0.87
Specificity: 0.92
Accuracy: 0.96

Sensitivity: 0.91
Specificity: 0.82
Accuracy: 0.92

Gattorno M et al. Ann Rheum Dis. 2019
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Identification of the “inflammasome”:
a major breakthrough in the field
of innate immunity & autoinflammation

DAMPS 15t SIGNAL Two signals are required for
IL-1B production

The Inflammasome: A Molecular Platform
NLRP3 N, Triggering Activation of Inflammatory
ASC Caspases and Processing of prolL-3

Pro-Caspase -1

N k87 I>P><

Caspase -

Pro-IL-1B

\i-mprecursorLSl kDa) Martinon E Burns Kl TSChOpp J.
Figure modified by P. Skendros m:‘:“’:"“""{“‘iﬂ“"”“ Mol Cell. 2002
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New Eurofever/PRINTO classification criteria for HRFs

CAPS

FMF

TRAPS

MKD
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Presence of a confirmatory NLRP3

genotype* and at least one amang the

following:

» Urticarial rash.

» Red eye (conjunctivitis, episcleritis,
uveitis).

» Neurosensorial hearing loss.

OR

Presence of not confirmatory NLRP3

genotypet and at least two among the

following:

» Urticarial rash.

»  Red eye (conjunctivitis, episcleritis,
uveitis).

» Neurosensorial hearing loss.

Sensitivity: 1 Sensitivity: 0.94 Sensitivity: 0.95 Sensitivity: 0.98
Specificity: 1 Specificity: 0.95 Specificity: 0.99 Specificity: 1
Accuracy: 1 Accuracy: 0.98 Accuracy: 0.99 Accuracy: 1

Presence of confirmatory MEFV
genotype* and at least one among the
following:

» Duration of episodes 1-3 days.

»  Arthritis.

»  Chest pain.

» Abdominal pain.

OR

Presence of not confirmatory MEFV
genotypet and at least two among the
following:

» Duration of episodes 1-3 days.

»  Arthritis.

» Chest pain.

» Abdominal pain.

Presence of confirmatory TNFRSF1A genotype™

and at least one among the following:
» Duration of episodes >7 days.

» Myalgia.

» Migratory rash.

» Periorhital oedema.

P Relatives affected.

OR

Presence of a not confirmatory TNFRSFIA
genotypet and at least two among the
following:

» Duration of episodes =7 days.

» Myalgia.

» Migratory rash.

P Periorbital oedema.

> Relatives affected.

Presence of a confirmatory MVK
genotype* and at least one among the
following:
» Gastrointestinal symptoms.
» Cervical lymphadenitis.

» Aphthous stomatitis.

* confirmatory genetic test (pathogenic or likely pathogenic variant)
* not confirmatory genetic test (variants of unknown significance-VUS)

Timeline of monogenic autoinflammatory disorder discovery
and genetic sequencing technique used

Gattorno M et al. Ann Rheum Dis. 2019

IL10 OEF
(R10]

Moghaddas F, Masters SL. Clin Sci (Lond). 2018

TRAPSTY
(TNFRSF11A)

2017

2018
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Ztoxevpévn AAAnAouxnon Néag Meviag (targeted-NGS)

aAAnAoUxnon tou MARPoOUG TURaToC Twv e§oviwv (Whole exome seq) 16 yoviSiwv

Tovidlo Ixeti{opevn AaBévela (AkpwvipLo)

1. ADA2 Deficiency of adenosine deaminase 2 (DADA2)

2. CARD14 CARD14-mediated psoriasis (CAMPS/PSORS2)

3. ELANE ELANE-related neutropenia

4, IL36RN Deficiency of IL-36-receptor antageonist (DITRA)

5. LPIN2 LPIN2 deficiency/ Majeed syndrome

6. MEFV Familial Mediterranean fever (FMF)

7. MVK Mevalonate kinase deficiency/Hyper IgD syndrome (MVK/HIDS)

8. NLRC4 NLRC4 macrophage activation syndrome/ familial cold autoinflammatory syndrome 4 (MAS/FCAS4)

9. NLRP3 Cryopyrin-associated periodic syndromes (FCAS, MWS, NOMID/CINCA)

10. NLRP12 Familial cold autoinflammatory syndrome 2 (FCAS2)

11. NOD2 Blau syndrome/early-onset sarcoidosis (Blau syndrome)

12. PSMBS8 Proteasome-Associated Autoinflammatory Syndromes (PRAAS) ,Efrl;l,:iz g(\éﬁlnomzrpmko FANEMZTHIMIO
13. PSTPIP1 Pyogenic arthritis, pyoderma gangrenosum and acne syndrome (PAPA) Z;SACZJ%—?ZIC(JI.;’DATAZL%/I\\AOII}A?nEPIOAIKOY Jp—
14. TNFAIP3 Haploinsufficiency of A20 (HA20) AeuBuvtrig: Kadnyntrig ASavdotog I. T{obgag
15. TNFRSF1A  TNFR1-associated periodic syndrome (TRAPS)

16. TRNT1 Sideroblastic anaemia with immunodeficiency, fevers, and developmental delay (SIFD)

Acquired auto-inflammatory disorders (AAIDs)
Adult-onset autoinflammation

Somatic mutations in myeloid lineage as a cause of

later-onset auto-inflammatory disorders

* NLRP3-associated (somatic CAPS)

* VEXAS (Vacuoles, E1 ubiquitin ligase, X-linked, Auto-inflammatory, Somatic)

Poulter JA and Savic S. Semin Hematol 2021
de Koning HD et al. J Allergy Clin Immunol. 2015



18.5%
(10/54)

F304L
D305H x4
D305A
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ES69G*
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Somatic and germline
NLRP3 mutations

G757Rx2

699 1036
IEGSOKXZ G757R |VBGIC x3 |R9ZOQKZ
M661K x2 G757A Y861H
M664T
E629G x3
L634F x2
S597G x2
R605G
Y565N x4
FS68L .
rcev The phenotypic spectrum of NLRP3-
Cerites AIDs appears to be related to the
s germinal/mosaic status and localization
.. of the underlying mutations

Louvrier C et al. J Allergy Clin Immunol 2020

Spectrum of systemic autoinflammation today
v Over 40 autoinflammatory diseases
v’ Classification according to pathomechanism

Georgin-Lavialle S, et al. Best Pract Res Clin Rheumatol. 2020
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Autoinflammatory diseases
“the model of FMF”

FMF: The prototype
autoinfammatory disease

Timeline of the main contribution of
Inflammation Research Group DUTH, in the study of FMF

Canakinumab for

REDD1 emerges as a
novel regulator of IL-1B-
driven inflammation in

FMF
First systemic study of 5 for the first time (89) FMF and related diseases.
common pyrin mutations in A novel mechanism that
Greek FMF patients (28) linksstress with
Anakinra on-demand autoinflammation (17)
Increased frequency of fnrnFl:AF attack
MEFV mutations in .
Greek UC patients (33) for the first time (87) L‘
2003 2004 2006 2007 2008 2011 2016 2017 >
etics i Meta-analysis of B fiated
Introduction of NIRCA “g:e" F":m& IR Impaiced basal inﬂ:l-nmaﬁon in FMF.
. Mediterranean autophagy in =
assay as a first step Heterozygous classical i neutrophils of First evidence of
mutational screening MEFV mutations FMp;:‘::uum i FMF patients. NETosis mechanism in
method of the entire | | &homozygous R202Q il First association | | Autoinflammation (16)
coding sequence of were correlated with Sroposition R S
the MEFV gene (27) EME phenotype [9) of a MEFV-based with FMF (63)
phylogenetic tree B1) Skendros et al J Autoimmun 2019
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MEFV NM 0002432 (16p13.3)
DNA: 14600bp, mRNA: 3499bp, Protein: 781aa

$6
V726A (12.2%)

QUK
TX 125 63A AL9V  PRIP 761 7Gidup i D
QUTR 390_90lins 163D ISP  G222R 250V G632S  1692DEL N733§
99N NIION  AL6SA EL9S] 223D K266E S363N i M693 g
DIO2D i 3 250 = M694DI
D103 P36 456 64
03] 0K (6.1%) RS ASSTV o
S108] | e Zr Lanp 6
0P paip PR2771 373 L64
— DUV RSE K376R S630Y
N26K  RZMR P83l QK RES2C
606 621dup 241K P283R Lagap R6S2H
SASC SIS SasRY D39IN RESIR
S2098 S22RC>G A289F P303P R6S3H

5

1260 15C-G 7 7

2004 29C-T 1260:92G A g I

911-75T-C 1261-254°G {356 344-G #3587 33C-G

2UL22T-G LR6LUT-G 9SC-T [1540-69G A
\

* flanking

CDS joints

Positions 2771278 910/911 126011261 135611357  1587/1588 161001611 172671727 17591760  1792/1793

Codons 93 304 420421 4521453 520/530 537 576 587 598
This graph shows the variant usual name (i.¢. as first published). October 14,_201 4
Please refer to the variant detail by clicking on its name for possible edited nomenclature. N Sequence variants: 298

Giaglis S et al. Clin Genet 2007: 71: 458-467

FMF - Fevetwko «doptio» kat Qatvotumnog

Doauvotunog
p <0.048
100,0
MetaAAagelg | AoBeveig 800 -
oto MEFV (N=152)
v
'g' 60,0 - 36,4
@
1 40.8 1.4% o
< 40,0 |
x 4 41,9
2 42.8 0
20,0 - 40,9
16,3
0,0 T
“Genetic dose effect” 2 petodrdgels 1 petdAragn

 Hmog L Evéidpecog M ZoBapodg

Giaglis S et al. Clin Genet 2007: 71: 458—-467
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6/annrheumdis-2014-: 958
Basic and translational research

EXTENDED REPORT

Neutrophil extracellular traps regulate
IL-1B-mediated inflammation in familial
Mediterranean fever

; . Eirini Apostolidou, 2 Panagiotis Skendros,'? Konstantinos Kambas,'
loannis Mitroulis,® Theochar* = i Merge

ARD 2014 Konstantinos Nakos,* Victor

Konstantinos Ritis'+

"-'1 pOSitive " 2 e e pro-IL-1B P “ E/us * 7*_ :

Pa— IL-1p

neutrophils/NETs in
FMF episodes

N\
N pro-IL-1p

T e S s 1115

PBMCs

B

pro-IL-1p
i ———— GAPDH
- — — L

— . s——APDI

rhiL-1p

ongoing anti-inflammatory process occurring in both
phases. Surprisingly, serum concentrations of IL-1p,
the cytokine thought to contribute most to the patho-
genesis of FME are normal or even decreased in patients
with FMF during acute attacks or in remission periods

www.nhature.com/nrrheum

Ben-2vi |, Livheh A. Chronic inflammation in FMF: markers, risk factors,
outcomes and therapy. Nat Rev Rheumatol. 2011

11
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FMF & stress

v'Unpredictable, recurrent PHYSICAL
. . FMF EISTRESS %
and self limited 75
inflammatory attacks of Sty :
fever and serositis 65” .
v'Several factors ik e y
associated with : :

emotional and physical
stress are proposed to
trigger FMF attacks

. EMOTIONAL/PRACTICALBURDEN
Ben-2vi |, Livneh A. Nat Rev Rheumatol. 2011

Yenokyan G, Armenian HK. Am J Epidemiol 2012
Ozen S, et al. Ann Rheum Dis 2016

ZAAENIKE AEMOX2ATIR ; [ ] e ."l‘.‘f\‘.ﬁf.,1996,
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NG XEt oen®d

St
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&‘ %@Xxm)ev\ Ta)  V3GOV tm@e\l’m\h%\/\u& CTAV  KAIVIUM \Am;,
\\4 wé\4$ou\\/\qs'\q Al\ww‘\\/\& ~ov Do VP10 N Ha

“Cunoe frioueras ot gy B vohs vy

12
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FMF patient

Aramine® (metaraminol)
(stress analogue)

Metaraminol | -
Provocative o
Test &
s N
Body temperature ("C)
40
39
38
37
36
0 1 2 3
Days
FMF inflammatory attack
\ y,

Downloaded from httpz//ard.bmj.com/ en January 28, 2016 - Published by group.bmj.com
i ) hli 0 6 0 6 nnrhao mcli

Recommendation

EULAR recommendations for the management
of familial Mediterranean fever

Seza Ozen,' Erkan Demirkaya,? Burak Erer,® Avi Livneh,* Eldad Ben-Chetrit,
Gabriella Giancane,® Huri Ozdogan,” lllana Abu,® Marco Gattorno,”

Philip N Hawkins,'® Sezin Yuce,'" Tilmann Kallinich,'? Yelda Bilginer,
Daniel Kastner," Loreto Carmona'®

Recommendation 8

“Periods of physical or emotional stress can trigger FMF
attacks, and it may be appropriate to increase the dose of
colchicine temporarily”

13



8/4/2023

I'ranslational and clinical immunology

Regulated in development and DNA damage @wwm
responses 1 (REDD1) links stress with
IL-1B-mediated familial Mediterranean

fever attack through autophagy-driven J ALLERGY CLIN IMMUNOL
neutrophil extracellular traps NOVEMBER 2017
Femissiom Allack

Gene name
SNORATIB
COL4LT
SNCORDI?
The stress-related protein REDD1 emerges as a novel DDIT4REDDI

regulator of IL-1b—driven inflammation in neutrophils e

FMF1 | FMF2 | FMF3 | FMF1 | FME2 | FMF3 |

of patients with FMF by both activating autophagy |roecs
. . . |GADD5G
mediated NET release and affecting IL-18 maturation —

TGLFI-40
CXCL2
|CTB-$8E17,1

o I D 10
Mormalized Expression Levels

Skendros P et al. J Allergy Clin Immunol. 2017

FMF patient

Enviromental
inflammatory signals
and stressfull events

s ~
Body temperature ("C)
40
39
38
37
36;

1 2 3
Days

FMF inflammatory attack
N J

Skendros et al. J Allergy Clin Immunol 2017
Skendros et al J Autoimmun 2019

14
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protelns
Pyrin dephosphorylation
fand. l(l)s_s of 14-3-3 .
Sheranrgeranyl PAAND ~FMF '"h'b't"’"y 14-3-3 proteln
osphate
4 l ;: «“
i /\v ®] e’ ® the break of
@ @
Mevalonate ) : } H H H ”
et e ¢ e pyrin activation
E |
MKD PAPA '5)"
«— WAS
Colchicine ——| B
Dephosphorylation of pyrin and loss
of 14-3-3 inhibition Brabams
activates pyrin inflammasome @I ED
OCa»
I@ Loss of function ~ ® Gain of function | @/Q Savic S, Caseley EA, McDermott MF. Nat Rev Rheumatol. 2020

Pyrin acts as a receptor for the selective autophagic degradation of inflammasome
components, a function that is significantly impaired in mutated protein

FMF mutant of PYRIN

4PYD
Precision Precision ¢
autophagy T autophagy
Inﬂammasome¢ IanammasomeT

Kimura T et al J Cell Biol 2015

15



Without REDD1: With REDD1:

Autophagy inhibition Autophagy induction

Gordon BS et al. Am J Physiol Endocrinol Metab. 2016

FMF proposed model of autoinflammation

IL-1B

inflammasome

8/4/2023

16
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Translation Medicine

Targeting IL-1a & IL-1 in CAPS
NLRP3 E304K/0

et %NET release wm=NET-IL-18 enieCRP

160 8
140 7
P 120 6 =
S E T
L3 100 5 @
- E
ot
L ‘E'.\- 80 -4 %
x =
60 3
40 2
20 - 1
Hours since anakinra initiation
0 0

0 4 19 120

Papagoras C, Lampropoulou V, Mavraki E, Chrysanthopoulou A, Deftereos S, Ardstegui JI, Skendros P, Ritis K. Clin Immunol. 2021

17



*Only 60% of patients bear 2 mutations (30% have 1, and 10% have 0); frates of

FMF Is Divided Into 3 Phenotypes

it

Phenotype | Phenotype Il

Clinically overt disease

Manifested with
episodes of fever and
arthritis, or peritonitis,
pleuritis, or rash
(erysipelas-like
erythema); or

Combination of above
with AA amyloidosis

Genetic diagnosis is not
required*

Only manifestation is
AA amyloidosis

Diagnosis based on
family history of
phenotype | disease, or
presence of MEFV
mutations

Phenotype Il

Genetic positive (22
mutations)

Clinically silent disease*

phenotype Il in Israeli population are very high (1:50 vs 1:400 for phenotype 1).
Ben-Zvi I, Livneh A. Nat Rev Rheumatol. 2011;7:105-12.

35
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25-year-old woman with refractory FMF poochichne
rednisolone
and longstanding destructive arthritis Etanercept
Colchicine .
Prednisolone Colchicine PCc;IcI_uaIne
: rednisolone
Analgesics HcQ - — MTX (2 years) Prednisolone Et 5
5| e | ot | [ caciene Ofisbl draios | | S0
L \_‘ L‘ (high doses) Etanercept
r C
1988 1990 1997 1998 2000 2005 2008 2010
|7 Severe allergic
L oint reactions to
3yrs-old: Recurrent a:;gt: :::: Anakinra
episodes (24-48 h)

of high fever,
abdominal pain,
erysipelas-like
erythema,
arthralgia/arthritis
of the knees

Weekly episodes of
febrile abdominal
pain attack/arthritis

M694V h
SJIA?? FEz? | L i

(shoulders/knees)
Abdominal pain
attacks

FMF

Inflammatory attacks
(1-2/8 weeks)
Arthritis of knees
Onset of arthritis of the hips

Destructive arthritis

(hips/shoulders)

Replacement right hip
No physical activity
Depression/anxiety

18
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2010
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25-year-old woman with refractory FMF and
longstanding destructive arthritis
* 2010: Initiation of canakinumab 150 mg/8 weeks, step-up 150 mg/6 weeks

. . .
* Colchicine 2 mg/day, prednisolone 2.5-5 mg/day © Time {weeks)f | 100
@ 90 90 —~
< v
= 80 Lso S
= =
s 70, 70 g
T2 T3 T4 3 6] %3
|- 90 € Z
1 L 2 50 Fso T
L 80 E 40 40 §
@
S - s 4
i 70 S 20.] =i Stiffness Severity Score N “Lao &
b 8 =& Global Score £
L 60 © 104 10 &
H ol - e -0
— / Lso = 24 20 16 12 8 -4 4 122{1 20 24
5 | — C 10 Time {weeks) L 10
> Alao =
= £ s ¥ LI
o= \-\-30 £ 8% 813
S & g 714 b7 g
(@} 20 B g o] " §
10 g s e §
L < a4 ke %
c
& 12 16 240 53-+ —Q./\ g
Knee Pain
o 4’ % 29 @ HipPain S S g
14 -1
L e e S
Mitroulis I, Skendros P, Oikonomou A, et al. Ann Rheum Dis. 2011 TEmETRON S Tm::(w‘e‘eks)zo i

Baseline Follow-up 6 months Follow-up 42 months

MRI Coronal short tau inversion recovery (STIR) images of the left knee

Mitroulis I, Skendros P, Oikonomou A, et al. Ann Rheum Dis. 2011

Skendros P, Papagoras C, Oikonomou A, et al. Ann Rheum Dis. 2014 (suppl 2)

20



CRP
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Before IL-1B C:fs:f-tlcén
inhibition v tion
10 [ | [ 100
10,0 ——CRP (mg/dl) 0
——ESR (mm/h
9,0 ( ) .
8,0
' 70
7,0
60
6,0
50
5,0
40
4,0
3,0 30
2,0 ) \’/ 20
1,0 \/ 10
ESR
0,0 o
24 -12 0 12 24 36 48 60 72 84 96 108 120 132 144 oo

Arthritis in FMF

Up to 45% of FMF patients

Monoarticular/oligoarticular mainly involving lower limbs (hip, knee, ankle)
Sacraoiliitis up to 14%

Self-limited, non-erosive

Chronic destructive arthritis (mainly hips) 3-5%

Association with M694V mutation, erysipelas-like erythema, and protracted
febrile myalgia

Unresponsiveness to colchicine was found in 21% [EULAR 2022]

Garcia-Gonzalez A, Weisman MH. Semin Arthritis Rheum 1992 » Jarjour RA, Dodaki R. Mol Biol Rep. 2011
Uthman |, et al. Rheumatol Int 2001;20:145-8. * Avar-Aydin PO, et al. Clin Rheumatol. 2022
* Yalginkaya F, et al. Br J Rheumatol 1997;36:1228-30. * Yenigun S, et al Ann Rheum Dis 2022 (suppl 1).
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FMF and subclinical inflammation

CRP and ESR may remain high during the attack free periods

®ESR mCRP
100 . 100
X
T
£
<]
b4
o
>
o
e}
<<
a
c
2
©
o
During Attack Attack-Free Positive Healthy
(n =49) (n =49) (n=39) (n=19)
FMF Controls

Korkmaz C, et al. Ann Rheum Dis. 2002

‘Classic markers’ ‘Non-classic markers’
CRP, ESR, SAA, IL-8, IL10, IL12, 1117, IL18,
IL-6, TNF, IFN-y VEGFR-1, sICAM-1, LTB4

Box 2 | Clinical sequelae of chronic inflammation in FMF

= Growth retardation in children
= Decreased bone density

= Impaired quality of life

= Depression and anxiety

« Female infertility, preterm deliveries
» Increased risk of heart disease

The chronic inflammation associated with FMF has
3 important deleterious clinical consequences.
= Normocytic-normochromic anemia
N = Splenomegaly
[ I

‘ ' = Amyloid A amyloidosis
Normal  FMF FMF Normal FMF FMF
remission attack remission attack

Inflammation states Ben-Zvi |, Livneh A. Nat Rev Rheumatol. 2011
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Increased risk for stroke in patients with familial
Mediterranean fever: results from a large
population-based study
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FMF patients have higher stroke incidence and younger
stroke onset compared to the general population,
regardless of the presence of amyloidosis and renal failure

_ Controls
(n=9351)

. FMF
{n=0351)

p=0.023

0.95

Time in years

Kaplan-Meyer stroke free survival times for FMF patients
without disease-related comorbidities vs. controls

52-years-old male with newly diagnosed FMF-Renal Amyloidosis

HI #6 ISO HI #6 CitH3 CYT141S0
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5
98,39 % 154%

B o

0.00%

0.00%
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PR PR
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AlexaPhuordss

s
[79.46%

CYT14 CitH3

19.00%

1.43% 0,10%

R IR e
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(MEFV 694 +/-)

ANC: 7.570/pL
CRP< 0.5 mg/dL

T=36.6-C
Nephrotic syndrome

Peripheral blood
neutrophils

First Department of Internal Medicine
& Laboratory of Molecular Hematology,
Democritus University of Thrace
CYTONET project 2018-2022
(unpublished data)
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Family pedigree of the patient

Chronic
Kidney 2 2
Disease :

s4yrs JZF—/@/ 97 yrs 86 yrsJZF

62 yrs

O
[H
g}
3
o

M694V  M694V

KoAyxwkivn
(Colchicine)

Bdon 0Awv Twv Ogpaneutikwy npoosyyioswv tov FMF
ono 1o 1972

Goldfinger SE. Colchicine for familial Mediterranean fever. N Engl J Med. 1972

« Amotpomn tng Kpiong, peiwon g Baputntag tng Kpiong

+ Mn anoteAECHATLKY) 0TV SLAPKELA TNG KPLoNng

- Npootacia and ekdnAwon apvlosidwong

+ Artauteitan kaBnpepwvi xopynon 1-2 mg 24wpo/pos
+ ZNUOAVTLKA XOINAO KOOTOG

+ ZnUovTKA oo AAeLa - eykupoolVR/ONAaoog

Ao tpavoapvactapio, epLUPePIKn veupontadeia, puonadeia (XNN!)
statins, ketoconazole, ritonavir, clarithromycin, verapamil, diltiazem
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Xprion avaotoAéwv tn¢ IL-1
otn Oepaneia acOsvwv pe FMF
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AcBseveic pe FMF kot KOAXLKivn:

5% eival avBektikoi, 5% dev tnv avéxovtat, 30% LEPLKT QTOKPLON

FMF 8U0KOAEG MEPUTTWOELG: @

StaBpwtikn apBpitida, apulocidwon, ayysitida :'o%ﬁ’:

Anakinra (recombinant IL-RA) .
|

Canakinumab (humanized anti-IL-168)

Ben-Chetrit E, Aamar S. Clin Exp Rheumatol. 2009 .
Ben-Chetrit E, Levy M. Lancet. 1998 .
Ozturk MA, et al. Clin Exp Rheumatol. 2011 .
Mitroulis I, Skendros P, et al Ann Rheum Dis. 2011 .

Hentgen V, et al. Semin Arthritis Rheum. 2013

van der Hilst JCh et al. Biologics: Targets and Therapy 2016
Laskari K et al. Rheumatol. 2017

De Benedetti Fet al . N Eng J Med. 2018

1995 Identification of IL-1R3
|
1993 Identification of IL-1R2
| |
1992 Identification of caspase 1
| |
1990 Identification of IL-1Ra
| |
1989 Identification of IL-1R1
|

2002 First description of the inflammasome
2002 PSTPIP1 for PAPA
2001 NLRP3 for CAPS
1999 MVK for MKD/HIDS 2005 LPIN2 for Majeed syndrome
1999 TNFRSF1A for TRAPS 2009 ILIRN for DIRA
|

1984 Cloning of IL-1acand IL-1B 1997 MEFV for FMF

T TR T

NO SIGNAL
TRANSDUCTION

2015 Role of GSDMD in IL-1 release

2001 Anakinra approved for RA (FDA)

2008 Rilonacept approved for FCAS, MWS (FDA)

2009 Canakinumab approved for FCAS, MWS (FDA), CAPS (EMA)
2013 Canakinumab approved for sJIA (FDA, EMA)

2013 Anakinra approved for NOMID (FDA), CAPS (EMA)

2016 Canakinumab approved for FMF, MKD, TRAPS (FDA, EMA)
|
2016 Canakinumab approved for AOSD (EMA)
2018 Anakinra approved for s]IA, AOSD (EMA)

2018 Anakinra approved for Schnitzler’s Syn (UK)

2020 Anakinra and rilonacept approved for DIRA (FDA)

Broderick L, Hoffman HM. Nat Rev Rheumatol. 2022

2021 Rilonacept approved for recurrent pericarditis (FDA, EMA)
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Drug
CE-224535
AZD9056
BMS-986299
Dapansutrile
12D334
ZYIL1
1ZD174
AC-201

Drugs in e

development
targeting the
IL-1 pathway

Disulfiram
Bermekimab
Gevokizumab
LY2189102
CYT013-IL1bOb
Lutikizumab
MAS825
sc-rAAV2 5IL-1Ra
EBI-005

HL2351
MEDI8968
AMG108
EBI-005

KT-474

ATI-450

Target
P2X7
P2X7
NLRP3
NLRP3
NLRP3
NLRP3
NLRP3
NLRP3
Caspase 1
Caspase 1
GSDMD
IL-1a
IL-1p
IL-1p
IL-1p
IL-1a/IL-1B
IL-1AL-18
IL-1R1
IL-1R1
IL-1R1
IL-1R1
IL-1R1
IL-1R1
IRAK4
MK2

Mechanism

Selective P2X(7) receptor antagonist

Selective P2X(7) receptor antagonist

Agonist

Small molecular inhibitor

Small molecule inhibitor

Small molecule inhibitor

Small molecule inhibitor, CNS penetrant

Small molecule inhibitor

Small molecule inhibitor

Pan caspase inhibitor

Gasdermin Dinhibitor

Anti-IL-1a monoclonal antibody

Anti-IL-1p monoclonal antibody

Anti-IL-1p humanized monoclonal immunoglobulin G4
VaccinetoIL-1p

Dual affinity monoclonal antibody to IL-1a/IL-1p
Bispecific IL-1B and IL-18 monoclonal antibody
Self-complementing, recombinant AAV carrying IL-1RA cDNA
IL-1p and IL-1 receptor antagonist fusion protein
Human IL-1Ra-hyFc

Anti-IL-1R1 human monoclonal antibody

Anti-IL-1R1 monoclonalantibody

Chimeric IL-1RA- IL-1p

Oral heterobifunctional smallmolecule IRAK4 degrader
Oral small molecule MAPKAPK2 (MK2) inhibitor

Broderick L, Hoffman HM. Nat Rev Rheumatol. 2022

FMF: Mnvupata ano tnv KaOnuepvi KAWLKN TPOKTIKA

v KAWiKr 1kdvo/LloTopIkS, eTudnptoloyio - auénuévn kKAwvikr umodio

v H aduvapio yevetikol eAéyxou Sev Tipénel va kaBuoTeEPrOEL TNV EyKalpn £vapén

KOAXLKIVNG (Baokn Beparmeia) otnv avwtepn avektr 60on

v EKTOC oo v poAnn Twv oféwv mpooBoAwv, n Beparneia npémnel vo oTOXeVEL 0TN
pelwon g xpoviag UToKAWVIKAG GAEYUOVNG KAl TNV opeunodion tng emPAapolg

KAWLKAC €KBaoNC TNG

v H xpévia SaBpwtikr apBpitida Ssv sival ouyvr, Hmopel Opwg va oSnyRosL os

ONUAVTIKA avarmnpia

v OL avaotoleic tg IL-1 éxouv aMGEel to medio, WBiaitepa ot SUOKOAEC Ko
OVOEKTLKEC OTNV KOAXLKIVN TIEPUTTWOELG

v Tpornonoinon 86cswv (step-up/down) avdloya pe thv mopeia tng vdoou Kot tov

dAeypovwdn dawvotumno

Clinical Trial
NCT00628095
NCT00520572
NCT03444753
NCT03595371
NCT04086602
NCT04731324
NCT04338997
NCT02287818
NCT00205465
NCT04803227
NCT04485130
NCT03512275
NCT01211977
NCT00380744
NCT00924105
NCT01668511
NCT04641442
NCT02790723
NCT04121442
NCT02853084
NCT01838499
NCT00110942
NCT02082899
NCT04772885
NCT04524858

8/4/2023
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Autoinflammatory Disorders

Future perspectives

® New AIDs phenotypes and unclassified syndromes

® NGS as a research & diagnostic tool in AIDs

New diagnostic/prognostic assays to discriminate infectious from sterile
inflammation

Drug repositioning

New biologics against other members of IL-1 family

Selective small-molecule inhibitors against NLRP3 inflammasome
Regulatory mechanisms underlying autophagy/NETs/IL-1p axis

Autophagy & NETosis-related candidate biomarkers and theurapeutic targets

H ondvia padpn AsondpdaAn mou €xeL
ayarnnoet 60Ao¢ o mMAavATng

"OL ontavieg acBOevelec eival omavieg, aAAd KAOe
aoBevnc¢ eival povadikog"
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