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Disclosures
• None
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Disclaimer
The views and opinions expressed in this presentation are 
those of the authors and do not reflect the official policy or 
its agencies including the Biomedical Research and 
Development Authority and the Food and Drug 
Administration, as well as any agency of the U.S. 
government. Assumptions made within and 
interpretations from the analysis are not reflective of the 
position of any U.S. government entity.
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Safe in 5,000: <1% transfusion-associated reactions
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Is CCP therapeutic? 

And if so, by what mechanism?
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CCP =
1,000+ 
proteins

CCP
• SARS-CoV-2 

nAb
• Ab
• Cytokines
• Sugars/glycans
• EVs

-microRNAs 
(miRs)
-other??
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Protective effects of CCP 
• Anti-viral
• Anti-thrombotic
• Anti-inflammatory
Detrimental effects of CCP
• Pro-viral
• Pro-thrombotic
• Pro-inflammatory
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Protective effects of Extracellular Vesicles

• EVs composed of lipid bilayer with internal core

• Contain wide variety of lipids, carbohydrates, proteins, nucleic acids

• Exosomes 30-100 nm vs. microvesicles bud from cell 50-1K nm

• EVs shown in culture (RAW mac) and animal studies to suppress inflammation, oxidative and 
apoptotic pathways via microRNAs (miRs) 
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Anti-viral factors in CCP

• Anti-viral
• Neutralizing Ab

• From previous COVID infection
• From COVID vaccine
• From a different infection
• From a different vaccine

• ACE2+ EVs- act as decoy receptors
• Factor Xa (FXa)- blood clotting cascade
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Higher Ab levels reduce 
mortality
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High antibody level only protects if not ventilated

Joyner et al. 
2021 NEJM 
384:1015-1027



©2020 MFMER  |  slide-13

Pro-viral factors in CCP
• Pro-viral

• EVs expressing infectious virus or viral antigens
• Virus-infected cells release exosomes that are implicated in infection through transferring viral 

components such as viral-derived miRNAs and proteins. As well, exosomes contain receptors 
for viruses (i.e., ACE2, CD9) that make recipient cells susceptible to virus entry.

• EVs expressing tissue factor (TF)
• Autoantibodies i.e., ADAMTS13, aPL, β2G1, LAC, Annexin A2
• Anti-plasmin (α2AP)- serine protease inhibitor, fibrin clots
• Soluble urokase plasminogen activator receptor (sUPAR)

Sin J et al. J Virol 2017; 91(24): e01347-17
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Pro- vs. anti-thrombotic factors in CCP

• Anti-thrombotic
• Anti-thrombin III (ATIII)- decreases thrombosis

• Albumin- decreases hyper-coagulability

• Autoantibodies against Annexin A2- induces systemic thrombosis

• Pro-thrombotic
• EVs expressing tissue factor (TF)
• AutoAbs i.e., ADAMTS13, aPL, β2G1, LAC, Annexin A2
• Phosphatidylserine/prothrombin (aPS/PT) autoAbs associated with 

higher prevalence of thrombotic events

• Anti-plasmin (α2AP)- serine protease inhibitor, fibrin clots

• Soluble urokase plasminogen activator receptor (sUPAR)- measured 
at admission predicts risk of future complications and mortality in adults with COVID-19
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Pro- vs. anti-inflammatory factors in CCP
• Anti-inflammatory

• Dilution of proinflammatory cytokines
• Anti-inflammatory cytokines (i.e., IL-10, TGFβ)
• Non-specific Ig (IL-21 promotes B cells)
• Alpha1-anti-trypsin (α1AT)- inhibits neutrophil elastase/NETS
• Anti-inflammatory EVs (i.e., anti-inflammatory miRs that inhibit 

TLRs &/or reduce cytokines such as TNF, IL-1β and IL-6) 

• Pro-inflammatory
• Increased proinflammatory cytokines (i.e., IFNs, IL-6, TNF-

either protect against infection or amplify hyperimmune 
response)

• Autoantibodies i.e., anti-ADAMTS13, aPL, β2G1, LAC, 
Annexin A2 (induce systemic thrombosis)

• Antiplasmin (α2AP)- serine protease inhibitor, fibrin clots
• Soluble urokase plasminogen activator receptor (sUPAR)
• Proinflammatory EVs (i.e., proinflammatory miRs)
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Cytokines elevated with COVID, elevated by CCP
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Males > +ve
tested & admitted 
with elevated sera 
IL-6 & CRP levels
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Location, Location, Location!
• Plasma factors and EVs are communicating, but what are they 

saying?
• Interpreting immune response and gene signatures is all about 

‘context’
• Increased TNF and IL-6 early during infection by CCP may amplify 

protection, especially if other therapies inhibit this early protective 
response

• Or, elevated levels could contribute to the ‘cytokine storm’ of 
uncontrolled immune response that leads to COVID symptoms and 
secondary comorbidities of autoimmune diseases like myocarditis, 
antiphospholipid syndrome, and others…
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SARS-CoV-2:COVID-19 and autoimmune disease
• autoAbs: 

• anti-cardiolipin (aCL)
• lupus anti-coagulant (LAC)
• beta2 glycoprotein I (β2GPI)
• anti-phosphatidylserine/prothrombin (aPS/PT)- thrombi
• neutralizing autoAbs against type I interferons (IFNα/β)- severe pneumonia
• antinuclear antibodies (ANA) to β2GPI, aCL, p-ANCA, c-ANCA - vasculitis

• Autoimmune Diseases: 
• Myocarditis
• Antiphospholipid syndrome
• Guillain-Barré syndrome
• Kawasaki disease
• Vasculitis



Plasma EVs decrease viral myocarditis

Bruno, Beetler, Fairweather, unpublished



Global downregulation 
(qRT-PCR) of 
proinflammatory 
pathways by plasma EVs

Bruno, Beetler, Fairweather, unpublished
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Summary

• Proteins and other factors in CCP can be therapeutic or promote inflammation, viral 
infection and comorbidities like thrombosis and autoimmune diseases

• Transfusion of CCP is safe with less than 1% transfusion-associated reactions

• A major factor mediating anti-viral protection in CCP early during disease is 
neutralizing Ab against SARS-CoV-2

• Research suggests other factors in plasma may exert significant effects on the 
immune response like EVs that contain miRs, many are anti-inflammatory but they 
can also promote inflammation

• EVs have been demonstrated in culture, preclinical animal models and in patients to 
reduce inflammation and activate the body’s natural reparative mechanisms

• A better understanding of the components and how they interact/communicate is 
needed in order to identify key signaling pathways that mediate the best protection
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FAIRWEATHER.DELISA@MAYO.EDU
THANK YOU
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