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Thank you, SOLVE ME/CFS



Diseases

1. Acute: heart attack, stroke…

2. Chronic: diabetes, cancer, hypertension…

Illnesses

3. Acute: food poisoning, flu…

4. Chronic: Normal tests, imaging studies..



infection

Illness

1. Pain

2. Post-exertional malaise (crash)

3. Fatigue

4. Brain fog

5. Insomnia

6. Dizziness/POTS

recover

relapse

ME/CFS (myalgic encephalomyelitis/chronic fatigue syndrome)

Long COVID



Silva et al. 2022

Infection-immune theories of ME/CFS and long COVID



Anti-virals are not effective ME/CFS or long COVID



Is Gulf War Syndrome ME/CFS?

(250,000 out of 750,000 soldiers, primarily army)

Exposure in 1990: It is unlikely that there is a toxin reservoir after >35 years





ME/CFS likely extends beyond a purely post-infectious phenomenon.

ME/CFS may reflect an underlying vulnerability to cellular stress in susceptible individuals.

There are diverse triggers unrelated to infection (20%): surgery, psychological trauma, ICU.. 

Our goal is to define the biological basis of this vulnerability and leverage that 

understanding to develop effective therapies.



 Immune therapies
Rituximab • IVIG • anti-inflammatory drugs

 Blood flow & autonomic therapies
Pyridostigmine • beta blockers • fluids and 
salt

 Energy & mitochondrial approaches
CoQ10 • metabolic therapies • supplements

 Antiviral therapies
Paxlovid and other antiviral approaches

 Symptom-directed treatments
Low-dose naltrexone • antihistamines • 
rehabilitation • pacing

Many Treatments Have Been Tried—But None Has Yet Solved ME/CFS or 
Long COVID

Treatments that have been tested:



Metabolic therapies that have been tried

Low dose rapamycin



different perspective on chronic illnesses



Key question: Regardless of how the “fire” was initially started, what keeps 

the fire going?

                         

                             Positive feedback loop (vicious cycle)



inflammationType-I IFN

cGAMP

STING

IRF3

cGAS

IFNa/IFNb
anti-viral response)

TLR9
(anti-bacterial response)

Released mtDNA promotes inflammation-How do we prevent this?

ROS

Byproduct of cellular damage

                    ?

Stressor 
(e.g. infection, physical or psychological trauma…)

Inflammation: fuel to the fire

Will not be detectable in a blood test-

Too diluted by the time it gets to your arm



Could there be an enemy within?

1979



Mitochondria convert food into energy



Dysfunctional mitochondria = broken metabolic engine

That mitochondrial dysfunction causes fatigue is obvious,

but how does it cause inflammation?



Mitochondrion is derived from proteobacteria (endosymbiosis)

Rickettsia prowazekii

Mitochondrial DNA (mtDNA) is different from our chromosomal DNA and 

our immune system recognizes it as foreign if it is released from mitochondria
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Mitochondria has bacteria-like DNA

Recognized as “foreign”

Immune

response/

inflammation



Mitochondrial membrane protein VDAC links stress to inflammation

VDAC (voltage-dependent anion channel)

  

mtDNA release

mtRNA release

Mitochondrial opening

Stress
oxidative stress

infection 

trauma VDAC

  becomes sticky

macropore
disorganized

Anti-viral response

Anti-bacterial response        

IL-1, IL-6

Pain

Brain fog

Fatigue…

(Kim et al. Science 2019)

IVO-21 (novel, oral)
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IVO-21 inhibits COVID-19 spike protein-induced ROS and mtDNA release

Covid 19





IVO-21 protects against thromboinflammation in mice without bleeding risk

Electrolysis-induced thrombus

               (Kanthi lab)

ROS

vehicle

IVO-21



Does the inflammation cycle explain post-exertional malaise (crash)?

Physical or mental exertion



IL-6 is elevated after both sepsis and exercise 

Inflammatory cytokine IL-6 is elevated in Long Covid in the resting state

                      (could IL-6 explain post-exertional malaise?)



IVO-21 mitigates the inflammation cycle
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mice

LPS=bacterial cell wall lipid
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Human cells

mtDNA:

inflammation/cell damageType-I IFN

cGAMP

STING

IRF3

cGAS

IFNa/IFNb
anti-viral response)

TLR9
(anti-bacterial response)

Released mtDNA promotes inflammation-How do we prevent this?

ROS

mtDNA



Post-exertional IL-6 drives malaise in a vicious cycle?

ROS

Type-I IFN

cGAMP

STING

IRF3

cGAS

IFNa/IFNb
anti-viral response)

TLR9
(anti-bacterial response)

Released mtDNA promotes inflammation-How do we prevent this?

ROS

IL-6, IL-1 microclots

mtDNA release

Covid 19

stress

inflammation

Inflammation

cycle



Different ways of making energy: marathon runner vs sprinter

Slow-twitch fiber

  (mitochondria)

Fast-twitch fiber

   (glycolysis)

2 ATP

Glycolysis

(no mitochondria)
Mitochondria

(oxidative phosphorylation)

∼32 ATP



Lactic acid is inflammatory
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IVO-21 restores mitochondrial “charge”

Oligo = mtDNA



mTOR

rapamycin

autophagy

Lysosomal removal of damaged mitochondria
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IVO-21 increases lysosomal activity
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VDAC1

healthy ME/CFS

healthy ME/CFS

NIH (Avindra Nath)

Maureen Hanson (Cornell)
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VDAC1 is elevated in ME/CFS



inflammation

cell damageType-I IFN

cGAMP

STING

IRF3

cGAS

IFNa/IFNb
anti-viral response)

TLR9
(anti-bacterial response)

Released mtDNA promotes inflammation-How do we prevent this?

ROS

mtDNA

Clinical manifestations may depend on the organ in which the inflammatory cycle is established

IVO-21 may not be effective if there is

a hidden microbial reservoir



Verification Toxicity testing Phase I

1-2 year

Phase II
Human safety ME/CFS



Why do we need animal models?

Cannot recreate the complex long-term cell-cell interaction in a petri dish.
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