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ɳɹʅɮɱʍɱɶ -ʃɳʄɹɱʄɮɾɾɮ 

 

 ɶ ʰ˄ʰˋˍˇ˂ʺ ˍʹˌ L[-м ˋʶ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ˄ˇˋʹ˃ʱˍ˖˄ΧΧ 

  

 R̍ ˂ˇˌ IL-1 ̄ ʰˊʰʴ˖ʴʺ ς̀ ʹ˃ʰˍˇʵˈˍʹˋʹ 

  

 ɿˇˋʺ˃ʰˍʰ ˉˇˎ ʷ˔ʶʽ ʶˉʾˋʹ˃ʹ ʷ˄ʵʶʽ˅ʹ  

 ɿˇˋʺ˃ʰˍʰ ˉˇˎ ʷ˔ʶʽ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ʶ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

 ɿˇˋʺ˃ʰˍʰ ˉˇˎ ʵˎ˄ʹˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 



ɳɹʅɮɱʍɱɶ-ʃɳʄɹɱʄɮɾɾɮ 

 ɶ ̔˄ ˍʶˊ˂ʶˎˁʾ˄ʹ (IL)-1, ̄ ʶˊʽʴˊʱ˒ʹˁʶ ɹ ʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˉˊʽ˄ ʰˉˈ ˉʶˊʾˉˇˎ ор ˔ˊˈ˄ʽʰ ˖ˌ ʶˁˁˊʽ˄ˈ˃ʶ˄ˇ ˉˊˇʿˈ˄ ˍ˖˄ 
˃ˇ˄ˇˁˎˍˍʱˊ˖˄ ˁʰʽ ˍ˖˄ ˇˎʵʶˍʶˊˈ˒ʽ˂˖˄ 

 ɮ˒ˇˊʱ ˁˎˊʾ˖ˌ ˋˍʽˌ IL-м hˁ ʰʽ IL-мΣ̡ ʵˏˇ ʲʰˋʽˁʷˌ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ̀ ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍʹˌ ˃-́ʶʽʵʽˁʺˌ ʺ  ʶʴʴʶ˄ˇˏˌ 
ʰ˄ˇˋʾʰˌΦ  

 ɮˎˍʷˌ ˇʽ ˁˎˍˍʰˊˇˁʾ˄ʶˌ ̋ ˍʰ˄ ʰˉˈ ˍʽˌ ˉˊ˗ˍʶˌ ˉˊ˖ˍʶˀ˄ʶˌ ˉˇˎ ˍʰˎˍˇˉˇʽʺʻʹˁʰ˄ ̟ ˌ ʶ˄ˇˊ˔ʹˋˍˊ˖ˍʷˌ ˍʹˌ 
ʶˉʽˁˇʽ˄˖˄ʾʰˌ ˍ˖˄ ˂ʶˎˁˇˁˎˍˍʱˊ˖˄Σ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ʶˁˁˊʽ˄ˈ˃ʶ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˉˇˎ ˋʺ˃ʶˊʰ 
ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˖ˌ ʽ˄ˍʶˊ˂ʶˎˁʾ˄ʶˌ      

 ʆʰ ˃̌ ˄ˇˁˏˍˍʰˊʰΣ ˍʰ ˃ʰˁˊˇ˒ʱʴʰ ˁ ʰʽ ˍʰ ʵʶ˄ʵˊʽˍʽˁʱ ˁ ˏˍˍʰˊʰΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ˇˎʵʶˍʶˊˈ˒ʽ˂ʰΣ ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ ˋˍʰ 
ˁˏˍˍʰˊʰ ˍˇˎ ʰ˄ˇˋˇˉˇʽʹˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ʶʾ˄ʰʽ ʽˁʰ˄ʱ ˄ʰ ˉʰˊʱʴˇˎ˄ ˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ L[-мʲΦ 

 ɶ ʲʽˇ˂ˇʴʽˁʱ ʶ˄ʶˊʴʺ ˃ˇˊ˒ʺ ˍʹˌ IL-м ̡ʁ ʾ˄ʰʽ ʷ˄ʰ ˃ˈˊʽˇ ˃ʶʴʷʻˇˎˌ мт kD ̄ ˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ʶ˄ʵˇˁˎˍˍʱˊʽʰ 
ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʽʰˌ ʲʽˇ˂ˇʴʽˁʱ ʰ˄ʶ˄ʶˊʴʺˌ ˉˊˈʵˊˇ˃ʹˌ ˇˎˋʾʰˌ ˃ʶʴʷʻˇˎˌ ом kD (pro-IL-м)̡  

 H IL-м ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʰ ʶˉʽʻʹ˂ʽʰˁʱ ˁʰʽ ʶ˄ʵˇʻʹ˂ʽʰˁʱ ˁˏˍˍʰˊʰ 

 ɶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍʹˌ L[-мʲ ʶˉʽˍʶ˂ʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˖ˌ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ʵˏˇ ˋˍʰʵʾ˖˄Φ ɮˊ˔ʽˁʱΣ ʶˉʱʴʶˍʰʽ ʹ ˃ʶˍʰʴˊʰ˒ʺ 
ˍˇˎ Ƴwb! ˍʹˌ L[-мʲ ˁʰʽ ˃ʶˍʰ˒ˊʱʸʶˍʰʽ ˖ˌ ʹ ˉˊˈʵˊˇ˃ʹ ˉˊ˖ˍʶˀ˄ʹ L[-мʲ όpro- IL-мʲύΦ ʆˇ ʵʶˏˍʶˊˇ ʲʺ˃ʰ ʲʰˋʾʸʶˍʰʽ 
ˋˍʹ ʵˊʱˋʹ ʶ˄ʵˇˁˎˍˍʰˊʽˁ˗˄ ʶ˄ʸˏ˃˖˄ όˁʰˋˉʱˋʹ ˃ ˇ˄ˇˁˎˍˍʱˊ˖˄-˃ʰˁˊˇ˒ʱʴ˖˄, ̄ ˊ˖ˍʶʿ˄ʱˋʶˌ ̌ ˎʵʶˍʶˊˇ˒ʾ˂˖˄ύΣ ˍʰ 
ˇˉˇʾʰ ʵʽʰˋˉˇˏ˄ ˍʹ˄ ǇǊƻ-IL-мʲ ˋˍˇ ʲʽˇ˂ˇʴʽˁʱ ʶ˄ʶˊʴˈ ˃ˈˊʽˇ ˍ˖˄ мтƪ5Φ ɶ ˗ˊʽ˃ʹ L[-мʲ ʶˁˁˊʾ˄ʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 
ˉˊˇˋʵʷ˄ʶˍʰʽ ˋˍˇ˄ ˎˉˇʵˇ˔ʷʰ ˍʹˌ L[-1 ˁ ʰʽ ʰˋˁʶʾ ˍʹ ʲʽˇ˂ˇʴʽˁʺ ˍʹˌ ʵˊʱˋʹΦ 

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



IL-1 ʃɮʄɮɱʍɱɶ ɼɮɹ ʅɶɾɮʆʁɲʁʆɶʅɶ 

 

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 



ɶ ɮɿɮʅʆʁɽɶ ʆɶʅ ɲʄɮʅɶʅ ʆɶʅ IL-1 

 

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

Bait receptor 

ɲʄɮʅʆɹɼʁʅ 
ʇʃʁɲʁʋɳɮʅ 

ʇʃʁɲʁʋɳɮʅ ɾɳ 
ɮɿɮʅʆʁɽɳɮ 

ɾɶ ɲʄɮʅʆɹɼʁʅ 
ʇʃʁɲʁʋɳɮʅ 



ʃɽɳɹʁʆʄʁʃɹɼɳʅ ɲʄɮʅɳɹʅ IL-1 

 

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



ʅʇɾʃʄɮʀɶ ɼɮɹ ɮɿɮʅʆʁɽɶ 

 

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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ʊɽɳɱɾʁɿʍɲɳɹʅ ɲɹɳʄɱɮʅɹɳʅ ɾɳ ɲɹɮɾɳʅʁɽɮɰɶʅɶ 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): 633ς652 



 



ʃɮʄɮɱʁɿʆɳʅ ʃʁʇ ʅʆʁʋɳʇʁʇɿ ʆʁ ɲʄʁɾʁ ʆɶʅ IL-1 

 

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



ʋʄɶʅɶ ʆʁʇ ɮɿɮɼɹɿRA 

 

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



ANAKINRA 

 

ɮɿɮɼɹɿRA Υʃʋʃ 



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): 275ς281 

ʅɶɾɮɿʆɹɼɶ ɶ ɮɿɮɱɿʍʄɹʅɶ ʆʁʇ 
ʊɮɹɿʁʆʇʃʁʇ ʆɶʅ ʅɶʌɶʅ 



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. 

Å Key features: 

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

ÅLower platelet counts1 

ÅCoagulation abnormalities1 

ÅPulmonary microvascular thrombosis and haemorrhage1 

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

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

ÅRole 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 нлнлΤофΥплрπплтΦ нΦ Kyriazopoulou et al. Nat Med 2021. 

ANAKINRA 
WINDOW2 
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mechanical ventilation 

 
Non-invasive 
ventilation 

Viral response phase 

Host inflammatory response phase 
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Time course 



ANAKINRA & COVID-19:  SAVE 

 

Kyriazopoulou et al. eLife 2021;10:e66125 

ɲɹɮʅʍɽɶɿʍʅɶ ɸɮɿɮʆʁʅ 



ANAKINRA & COVID-19:  SAVE-ɾʁRE 

 

Kyriazopoulou, Nature Medicine VOL 27 , 2021  1752ς1760 



su-PAR 

 

Velissaris, Infect Dis Ther (2020) 9:407ς416 



IL-1 & COVID-19 SCOPE SCORE 

 

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



 

Ntalekos, European Journal of Internal Medicine 88 (2021) 52ς62 



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 

ɼɽɹɿɹɼɳʅ ɳɼɲɶɽʍʅɳɹʅ 



 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 Stillôs disease, and cryopyrin-associated periodic syndromes.  

In cytokine storm syndromes, where there is a need for higher doses (from 1-2mg/kg/day ï 
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: 358ς67 



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: 358ς67 



ANAKINRA & HLH 

 

Naymagon, International Journal of Hematology, 2022 



NHS GUIDANCE 

 



ANAKINRA & ɾIS-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 cellïassociated 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  

 



ɮɿʁʅʁʃɮʄɳɾɰɮʅɶ ɼɮɹ ʃɮʋʇʅɮʄɼɹɮ 

 

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 

 Macrophages 

 Dendritic Cells 

 Neutrophils 

 Eosinophils 

 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) 44:141ς8 
Van Asseldonk EJP, Clin Immunol. (2015) 160:155ς62 
Van Poppel PCDiabetes Obes Metab. (2014) 16:1269ς73 


