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ΕΙΣΑΓΩΓΗ -ΠΕΡΙΓΡΑΜΜΑ 

 

 Η αναστολή της IL-1 σε ένα ευρύ φάσμα νοσημάτων…… 

  

 Rόλος IL-1 παραγωγή –σηματοδότηση 

  

 Νοσήματα που έχει επίσημη ένδειξη  

 Νοσήματα που έχει χρησιμοποιηθεί με αποτελέσματα 

 Νοσήματα που δυνητικά μπορεί να χρησιμοποιηθεί 



ΕΙΣΑΓΩΓΗ-ΠΕΡΙΓΡΑΜΜΑ 

 Η ιντερλευκίνη (IL)-1, περιγράφηκε για πρώτη φορά πριν από περίπου 35 χρόνια ως εκκρινόμενο προϊόν των 
μονοκυττάρων και των ουδετερόφιλων 

 Αφορά κυρίως στις IL-1α και IL-1β, δύο βασικές κυτταροκίνες στην ενεργοποίηση της μη-ειδικής ή  εγγενούς 
ανοσίας.  

 Αυτές οι κυτταροκίνες ήταν από τις πρώτες πρωτεΐνες που ταυτοποιήθηκαν ως ενορχηστρωτές της 
επικοινωνίας των λευκοκυττάρων, δημιουργώντας την κατηγορία των εκκρινόμενων προϊόντων που σήμερα 
είναι γνωστές ως ιντερλευκίνες      

 Τα μονοκύτταρα, τα μακροφάγα και τα δενδριτικά κύτταρα, καθώς και τα ουδετερόφιλα, συγκαταλέγονται στα 
κύτταρα του ανοσοποιητικού συστήματος που είναι ικανά να παράγουν μεγάλες ποσότητες IL-1β. 

 Η βιολογικά ενεργή μορφή της IL-1β είναι ένα μόριο μεγέθους 17 kD που προκύπτει από την ενδοκυττάρια 
επεξεργασία μιας βιολογικά ανενεργής πρόδρομης ουσίας μεγέθους 31 kD (pro-IL-1β)  

 H IL-1 α βρίσκεται στα επιθηλιακά και ενδοθηλιακά κύτταρα 

 Η ενεργοποίηση της IL-1β επιτελείται συνήθως ως μια διαδικασία δύο σταδίων. Αρχικά, επάγεται η μεταγραφή 
του mRNA της IL-1β και μεταφράζεται ως η πρόδρομη πρωτεΐνη IL-1β (pro- IL-1β). Το δεύτερο βήμα βασίζεται 
στη δράση ενδοκυτταρικών ενζύμων (κασπάση μονοκυττάρων-μακροφάγων, πρωτεϊνάσες ουδετεροφίλων), τα 
οποία διασπούν την pro-IL-1β στο βιολογικά ενεργό μόριο των 17kD. Η ώριμη IL-1β εκκρίνεται στη συνέχεια, 
προσδένεται στον υποδοχέα της IL-1 και ασκεί τη βιολογική της δράση. 

  
Schett, G. et al.(2015) Nat. Rev. Rheumatol. 



IL-1 ΠΑΡΑΓΩΓΗ ΚΑΙ ΣΗΜΑΤΟΔΟΤΗΣΗ 

 

Schett, G. et al.(2015) Nat. Rev. Rheumatol. 
Cavalli G and Dinarello CA (2018) Front. Pharmacol. 9:1157 

IL-1a is constitutively present in endothelial and epithelial cells, 
whereas IL-1b is inducible in myeloid cells and released 
following cleavage by caspase-1 



Η ΑΝΑΣΤΟΛΗ ΤΗΣ ΔΡΑΣΗΣ ΤΗΣ IL-1 

 

Cavalli G and Dinarello CA (2018) Anakinra Therapy for Non-cancer Inflammatory Diseases.Front. Pharmacol. 9:1157 

Bait receptor 

ΔΡΑΣΤΙΚΟΣ 
ΥΠΟΔΟΧΕΑΣ 

ΥΠΟΔΟΧΕΑΣ ΜΕ 
ΑΝΑΣΤΟΛΕΑ 

ΜΗ ΔΡΑΣΤΙΚΟΣ 
ΥΠΟΔΟΧΕΑΣ 



ΠΛΕΙΟΤΡΟΠΙΚΕΣ ΔΡΑΣΕΙΣ IL-1 

 

Schett, G. et al.(2015) Nat. Rev. Rheumatol. 



ΣΥΜΠΡΑΞΗ ΚΑΙ ΑΝΑΣΤΟΛΗ 

 

Chung, Juyeon, "Reducing Mortality from Septic Shock Using an Interleukin-1 Receptor Antagonist" (2017). Yale School of 
Medicine Physician Associate Program Theses. 41. 

anakinra, the recombinant form of the naturally occurring IL-1 
receptor antagonist (IL-1Ra);  
IL-1Ra prevents the binding of IL-1a as well as IL-1b to IL-1R1 

Cavalli G and Dinarello CA (2018) Front. Pharmacol. 9:1157 

Immune-modulatory and systemic effects of IL-1 
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ΦΛΕΓΜΟΝΩΔΕΙΣ ΔΙΕΡΓΑΣΙΕΣ ΜΕ ΔΙΑΜΕΣΟΛΑΒΗΣΗ IL-1 

 

Cavalli G and Dinarello CA (2018) Anakinra Therapy for Non-cancer Inflammatory Diseases.Front. Pharmacol. 9:1157 



IL-1-blocking agents in various disease states 

 

Dinarello, Nat Rev Drug Discov. 2012 August ; 11(8): 633–652 



 



ΠΑΡΑΓΟΝΤΕΣ ΠΟΥ ΣΤΟΧΕΥΟΥΝ ΤΟ ΔΡΟΜΟ ΤΗΣ IL-1 

 

Schett, G. et al.(2015) Nat. Rev. Rheumatol. 



ΧΡΗΣΗ ΤΟΥ ΑΝΑΚΙΝRA 

 

Cavalli G and Dinarello CA (2018) Front. Pharmacol. 9:1157 



ANAKINRA 

 

ΑΝΑΚΙΝRA :ΠΧΠ 



Il-1 &  SEPSIS 



HYPERFERRITINEMIA  & SEPSIS 

 

Kyriazopoulou et al. BMC Medicine (2017) 15:172 

FERRITIN >4.420 ng/ml 



Classification of the currently available strategies of immunointervention 
in sepsis. 

 

Expert Opinion on Pharmacotherapy, 2019 



ANAKINRA IN SEPSIS 

 

Shakoory, Crit Care Med. 2016 February ; 44(2): 275–281 

ΣΗΜΑΝΤΙΚΗ Η ΑΝΑΓΝΩΡΙΣΗ ΤΟΥ 
ΦΑΙΝΟΤΥΠΟΥ ΤΗΣ ΣΗΨΗΣ 



IMMUNOMODULATION IN SEPSIS-PROVIDE 

 

Hellenic Institute for the Study of Sepsis 



IMMUNOMODULATION IN SEPSIS--IMMUNOSEP 

 

Hellenic Institute for the Study of Sepsis 



Il-1 &  COVID-19 



Both viral and host pathophysiological factors drive COVID-19 severity 

 



Host factors driving COVID-19 severity: 
1. Inflammation-driven local lung tissue injury 

 



Host factors driving COVID-19 severity:  
2. Systemic hyperinflammation 

 



Host factors driving COVID-19 severity:  
3. Pulmonary intravascular coagulopathy 

 

26 
COVID-19, coronavirus disease 2019. 
1. McGonagle D, et al. Lancet Rheumatol 2020; 19: 102537. Figure reproduced with permission from McGonagle D, et al. Lancet Rheumatol 2020; 19: 102537. 

• Key features: 

• Elevated levels of fibrin degradation products (D-dimers; 
reflects pulmonary vascular bed thrombosis with fibrinolysis)1 

• Lower platelet counts1 

• Coagulation abnormalities1 

• Pulmonary microvascular thrombosis and haemorrhage1 

• This inflammation-driven microthrombotic 
immunopathology leads to right ventricular stress and 
contributes to mortality1 

• Risk factors for cardiovascular disease might increase risk of 
death in severe COVID-19 inflammation1 

• Role of anticoagulation in the treatment of COVID-19 is 
being explored1 

 

Pulmonary intravascular coagulopathy 
in COVID-19 pneumonia1 



ANAKINRA WINDOW 

 

Infection with SARS-CoV-2 (COVID-19) can be classified into three clinical stages of increasing severity:1  
1. Early infection 
2. Pulmonary phase 
3. Hyperinflammation phase  

1. Siddiqi HK, Mehra MR. J Heart Lung Transplant 2020;39:405‐407. 2. Kyriazopoulou et al. Nat Med 2021. 

ANAKINRA 
WINDOW2 
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ANAKINRA & COVID-19:  SAVE 

 

Kyriazopoulou et al. eLife 2021;10:e66125 

ΔΙΑΣΩΛΗΝΩΣΗ ΘΑΝΑΤΟΣ 



ANAKINRA & COVID-19:  SAVE-ΜΟRE 

 

Kyriazopoulou, Nature Medicine VOL 27 , 2021  1752–1760 



su-PAR 

 

Velissaris, Infect Dis Ther (2020) 9:407–416 



IL-1 & COVID-19 SCOPE SCORE 

 

Giamarellos-Bourboulis et al., 2022, Cell Reports Medicine 3, 100560 



 

Ntalekos, European Journal of Internal Medicine 88 (2021) 52–62 



Il-1 &  CYTOKINE STORM 



 CYTOKINE STORM- HLH/MAS 

 

Rosee Blood 2019;133(23):2465 



NHS DEFINITIONS 

 



HLH/MAS 

Ramos- Casal Lancet 2014; 383 



CYTOKINE STORM 

 

Fajgenbaum N Engl J Med 2020;383:2255-73 

ΚΛΙΝΙΚΕΣ ΕΚΔΗΛΩΣΕΙΣ 



 HLH/MAS 

 
The term cytokine storm syndromes describes conditions characterised by a life-threatening, 
fulminant hypercytokinaemia with high mortality.  

Cytokine storm syndromes can be genetic or a secondary complication of autoimmune or 
autoinflammatory disorders, infections, and haematological malignancies. These syndromes 
represent a key area of interface between rheumatology and general medicine.  

Rheumatologists often lead in management, in view of their experience using intensive 
immunosuppressive regimens and managing cytokine storm syndromes in the context of 
rheumatic disorders or infection (known as secondary haemophagocytic 
lymphohistiocytosis or macrophage activation syndrome [sHLH/MAS]).  

Interleukin (IL)-1 is pivotal in hyperinflammation. 

Anakinra, a recombinant humanised IL-1 receptor antagonist, is licenced at a dose of 100 mg 
once daily by subcutaneous injection for rheumatoid arthritis, systemic juvenile idiopathic 
arthritis, adult-onset Still’s disease, and cryopyrin-associated periodic syndromes.  

In cytokine storm syndromes, where there is a need for higher doses (from 1-2mg/kg/day – 
8 mg/kg/day), the subcutaneous route is often problematic, as absorption can be unreliable in 
patients with critical illness, and multiple injections are needed to achieve the high doses 
required. As a result, intravenous anakinra is used in clinical practice for sHLH/MAS, despite 
this being an off-licence indication and route of administration. 

Mehta, Lancet Rheumatol 2020; 2: 358–67 



CYTOKINE STORM 

 

Fajgenbaum N Engl J Med 2020;383:2255-73 IL-1 mediates fever, hyperferritimia, coagulopathy, and production of IL-18; 
IL-18 likely mediates hypersplenism, hypertriglyceridemia,hypotension, and elevated IFNg 



MANAGMEMENT OF CYTOKINE STORM SYNDROMES 

 

Mehta, Lancet Rheumatol 2020; 2: 358–67 



ANAKINRA & HLH 

 

Naymagon, International Journal of Hematology, 2022 



NHS GUIDANCE 

 



ANAKINRA & ΜIS-A 

 

Cattaneo, Microorganisms 2021, 9, 1393 



Il-1 & CAR-T-CELL TOXICITY 



 
 Despite unprecedented efficacy,1 the use of axicabtagene ciloleucel (axi-cel) for the treatment of patients with 
relapsed or refractory large B-cell lymphoma (LBCL) remains associated with acute toxicity, such as grade $3 
cytokine release syndrome (CRS) and immune effector cell–associated neurotoxicity syndrome (ICANS), 
occurring in 11% and 32% of patients, respectively 

Strati, Blood Advances, 14 JULY 2020 x VOLUME 4, NUMBER 13 



IL-1 IN METABOLIC  & CV DISEASE  

 



ΑΝΟΣΟΠΑΡΕΜΒΑΣΗ ΚΑΙ ΠΑΧΥΣΑΡΚΙΑ 

 

AlZaim I, Front. Cardiovasc. Med. 2020, 7:602088 

 Adipokine Profile Dysregulation 

 Adiponectin 

 C1q/TNF-related proteins (CTRPs) 

 Omentin 

 SFRP5 

 Leptin 

 Resistin 

 Visfatin 

 Visfatin OR pre-B cell colony-enhancing factor 

 (PBEF) 

 LCN2 and RBP4 

 METABOLIC REGULATION AND 

 ADAPTATION OF TISSUE RESIDENT AND INFILTRATING 
MYELOID CELLS 
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 Mast Cells 

 METABOLIC REGULATION AND ADAPTATION OF TISSUE 
RESIDENT AND INFILTRATING LYMPHOID CELLS 

 T Cells 
 abT Cells 

 Regulatory T Cells 

 gdT Cells 

 iNKT Cells 

 Innate Lymphoid Cells 

 Adipose Tissue ILC1s and NK Cells 

 Adipose Tissue ILC2s 

 B Cells 



Al Zaim I, Front.Cardiovasc.Med.2020,7 

 NEW AVENUES FOR ADIPOSE TISSUE 
IMMUNOMODULATION IN METABOLIC 

DISORDERS AND CARDIOVASCULAR 
DISEASES 

The antagonism of IL-1R improved IR in T1D patients and DIO mice and in patients with impaired glucose 
tolerance . One study however highlighted the importance of combining IL-1R antagonism treatment 
with proper dieting for the treatment of obesity . 

Osborn O, Cytokine. (2008) 44:141–8 
Van Asseldonk EJP, Clin Immunol. (2015) 160:155–62 
Van Poppel PCDiabetes Obes Metab. (2014) 16:1269–73 



ANAKINRA  and DIABETES 

 

Van Popel ,Diabetes, Obesity and Metabolism 16: 1269–1273, 2014 

The main finding of this study is that 
4weeks of anakinra treatment improves 
the insulinogenic index and augments the 
first-phase insulin secretion.  
These observations suggest that 
anakinra can improve 𝛽-cell function. 
However, second-phase insulin secretion, 
insulin response after arginine and the 
maximal insulin concentration were not 
influenced by anakinra 



ANAKINRA  and DIABETES 

 

In conclusion, one week of treatment with anakinra improves insulin sensitivity in patients with 
34 type 1 diabetes 
 
 
         
 
 
 
 
 
 
 
        Clinical Immunology 2015 



 

Larsen, N Engl J Med 2007;356:1517-26 



 

J Neurol Neurosurg Psychiatry 2005;76:1366–1372 

Conclusions: These data suggest that rhIL-1ra is safe and well tolerated in acute stroke. In addition, rhIL- 
1ra exhibited biological activity that is relevant to the pathophysiology and clinical outcome of ischaemic 
stroke. Our findings identify rhIL-1ra as a potential new therapeutic agent for acute stroke 

STROKE 



Ο ΡΟΛΟΣ ΤΗΣ IL-1 ΣΤΗΝ ΑΘΗΡΟΘΡΟΜΒΩΣΗ ΚΑΙ ΤΗΝ ΙΣΧΑΙΜΙΚΗ 
ΚΑΡΔΙΟΠΑΘΕΙΑ 

 



ATHEROSCLEROSIS 

 
Beyond the roles of lipid-lowering therapy with statins, ezetimibe, and PCSK-9 inhibitor, the effective inhibition of 
chronic inflammation may be an important component of anti-atherosclerosis treatment. 
 
Interleukin (IL)-1β is an important mediator of inflammatory responses, driving the expression of mediators such 
as COX-2, IL-1, IL-6, IL-12, intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1, and the 
(TNF-α) signaling pathway, which all contribute to the development of vascular remodeling and atherosclerosis . 
 
The inflammasome is an intracellular multiprotein complex that activates a pro-inflammatory cascade in 
response to signals from microbe-derived pathogen-associated molecular patterns and host cell-generated 
danger-associated molecular patterns. Notably, intracellular protein NACHT, LRR, and PYD domain-containing 
protein 3 (NLRP3) forms the NLRP3 inflammasome, which mediates the effects of IL-1β related to atherosclerosis 

Conclusion IL-1 blockade with anakinra significantly reduced atherosclerotic plaque formation in ApoE−/− mice. Also,anakinra 
reduced expression of inflammatory genes in endothelial cells, smooth muscle cells, and adipocytes and ameliorated 
processes involved in vascular remodeling.  
Anakinra could be a useful component of complementary treatment with standard regimen to reduce the residual CV risk. 

Ku et al DOI: https://doi.org/10.21203/rs.3.rs-482370/v1 



IL-1 and HEART 

 Persistent Expression of Cytokine in the Chronic Stage of Viral 
Myocarditis in Mice  Shioi, Circulation. 1996;94:2930 

Effect of IL-1 Blockade with Anakinra on Heart Failure Outcomes in Patients with Anterior versus 
Non-Anterior STEMI 

Journal of Cardiovascular Pharmacology Publish Ahead of Print(February 2022) 
DOI:10.1097/FJC.0000000000001240 

Interleukin-1 blockade with anakinra and heart failure following ST-segment elevation 
myocardial infarction: results from a pooled analysis of the VCUART clinical trials  
 
…IL-1 blockade with anakinra for 14 days in patients with STEMI reduces the incidence of 

new-onset HF or hospitalization for HF at 1 year following STEMI 
Abbate , European Heart Journal - Cardiovascular Pharmacotherapy, 2022, 8; 5: 503–510 

Van Tassell, Circ Heart Fail. 2018 August ; 11(8): 

CONCLUSIONS: Treatment with anakinra for 12 weeks failed to improve peak Vo2 and 
VE/Vco2 slope in a group of obese heart failure with preserved ejection fraction patients. 



 
CONCLUSIONS Anti-inflammatory 
therapy with canakinumab significantly 
reduced the total number of 
cardiovascular events in patients with 
prior MI and evidence of residual 
inflammatory risk.  

(Cardiovascular Risk ReductionStudy 
[Reduction in Recurrent Major CV 
Disease Events] (CANTOS); 
NCT01327846 

Everett, J Am Coll Cardiol 2020;76 



ARAMIS 

 



ANAKINRA & HEART 

 

Cavalli G and Dinarello CA (2018) Front. Pharmacol. 9:1157 



ANAKINRA IN CANCER 

Safety and immunologic activity of anakinra in HER2-negative metastatic breast cancer (MBC). 
Meeting Abstract | 2016 ASCO Annual Meeting I 
DOI: 10.1200/JCO.2016.34.15_suppl.e14565 Journal of Clinical Oncology - published online before print May 20, 2016 
 

Huyen Trang Ha Thi, J Cancer Prev 2017;22:62-73) Isambert, OncoImmunology, 2018, 7:9, e1474319 



AFFECT-1 Phase IIA trial in Transplanted Myeloma Patients 

 

Wardill, Nature Scientific Reports ,(2022) 12:6803 



ANAKINRA IN CGD 

 

Caroline To, Journal of Clinical Immunology,2021 

F.L. van de Veerdonk, M.G. Netea, C.A. Dinarello,J.W.M. van der Meer  2011 

de Luca et al. PNAS  March 4, 2014  vol. 111  no. 9 



SARCOIDOSIS 

 

Kron et al. J Transl Med (2021) 19:460 



SECONDARY AMYLOIDOSIS 
Causes of secondary, AA, amyloidosis 

Conditions Predisposing to Chronic 

Infections 

Cystic fibrosis 

Bronchiectasis 

Kartagener syndrome 

Epidermolysis bullosa 

Injected drug abuse 

Jejuno-ileal bypass 

Paraplegia 

Sickle cell anemia 

Immunodeficiency 

Common variable immunodeficiency 

Cyclic neutropenia 

Hyperimmunoglobulin M syndrome 

Hypogammaglobulinemia 

Sex-linked agammaglobulinemia 

Human immunodeficiency virus/AIDS 

Chronic Infections 

Tuberculosis 

Leprosy 

Whipple Disease 

Osteomyelitis 

Chronic pyelonephritis 

Subacute bacterial 

endocarditis 

Chronic cutaneous ulcers 

Neoplasia 

Adenocarcinoma 

Basal cell carcinoma 

Carcinoid tumor 

Castleman disease 

Gastrointestinal stromal 

tumor 

Hairy cell leukemia 

Hepatic adenoma 

Hodgkin disease 

Mesothelioma 

Renal cell carcinoma 

Sarcoma 
 

Inflammatory Arthritis 
Adult-onset Still disease 

Ankylosing spondylitis 

Juvenile idiopathic arthritis 

Psoriatic arthropathy 

Reiter syndrome 

Rheumatoid arthritis 

Gout 

 

Systemic Vasculitis 

ANCA associated vasculitis 

Behcet disease 

Giant cell arteritis 

Polyarteritis nodosa 

Polymyalgia rheumatica 

Systemic lupus erythematosus 

Takayasu arteritis 

Periodic Fevers 

Cryopyrin-associated periodic fever 

syndrome 

Familial Mediterranean fever 

Mevalonate kinase deficiency 

Tumor necrosis factor receptor 

associated periodic syndrome 

Inflammatory Bowel Disease 
Others 

Atrial myxoma, Inflammatory abdominal aortic aneurism, Retroperitoneal fibrosis 

SAPHO (synovitis, acne, pustulosis, hyperostosis, and osteitis) syndrome, Sarcoidosis 

Sinus histiocytosis with massive lymphadenopathy 
Papa, Rheum Dis Clin North Am . 2018 Nov;44(4):585-603 



SECONDARY AMYLOIDOSIS 

 

Lane et al. Pediatric Rheumatology 2015, 13(Suppl 1):O70 

Conclusion 
 
……AA amyloidosis is a potentially reversible cause of renal failure.  
A therapeutic trial of anakinra is worth trying as it is potentially completely 
effective and has a better safety profile than high dose corticosteroids, other 
anticytokine or immunosuppressive drugs. 



ΑΣΦΑΛΕΙΑ 

 
As with all biologic agents, an increase in infection frequency has been reported for anakinra. 
Nevertheless, in comparison to other biologic agents, anakinra has an unparalleled safety 
benefit deriving from short half-life and effect duration, and has demonstrated a remarkable 
record of safety  
Fleischmann et al., 2006; Mertens and Singh, 2009) 

In humans, anakinra has been administered to patients with active infections (Hennig et al., 
2010; van de Veerdonk et al., 2011), and in over 2000 patients in trials of sepsis and septic 
shock without any increase in mortality despite exceedingly high dosing (30-fold higher than 
the current approved dose of 100 mg/day;   Dinarello et al., 2012 

Subcutaneous administrations of anakinra often cause 
injection site reactions 
 
neutrophil levels occasionally fall below the normal 

range, only to rise rapidly upon cessation of treatment 

(Cavalli and Dinarello, 2015) 



  Unlike anti-TNFa treatment, IL-1 inhibition has shown a good safety profile regarding 
the risk of severe infections, particularly in relation to tuberculosis (TB) reactivation. 

Emmi, International Journal of Dermatology 2016 

Thomas MG, et al. BMJ Open 2019;9:e023765 



ΣΥΜΠΕΡΑΣΜΑΤΑ 

 H IL-1 έχει κυρίαρχο ρόλο στην ενεργοποίηση και διατήρηση της φλςγμονής 

Με τη  δράση της σε πολλούς ιστούς και όργανα συμμετέχει στην 
παθοφυσιολογία πλείστων παθήσεων  

 

Η αναστολή της τεκμηριωμένα συμβάλλει στην αντιμετώπιση πολλών 
φλεγμονοδών νοσημάτων  

 

Η πρόσφατη αδειοδότησή του ανασυνδυασμένου αναστολέα  της IL-1  στην 
αντιμετώπιση της COVID-19 απέδειξε ότι η χρήση αυτών των αγωγών 
μπορεί να συμβάλλει  στο μέλλον στην αντιμετώπιση νοσημάτων που η IL-1 
διαδραματίζει σημαντικό ρόλο. 



ΣΑΣ ΕΥΧΑΡΙΣΤΩ 


