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Autoimmune disease: 
When the immune system mistakes self for threat

No current therapies restore immune tolerance



Tolerizing vaccines can restore immune tolerance
Traditional Vaccine Tolerizing Vaccine
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Good for infectious disease!
Bad for autoimmunity
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mRNA-LNP vaccines are highly effective for 
generating antigen-specific immune responses



SCCM

Challenges for tolerizing vaccines

1. Systemic delivery to immune cells 
in relevant tissues

2. LNPs are highly inflammatory

mRNA-LNP vaccines are highly effective for 
generating antigen-specific immune responses



How can we engineer immune-tropic LNPs with 
reduced adjuvant activity?



The delivery and adjuvanticity of LNPs are 
determined by their components
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Charged helper lipids can re-route liver-tropic 
LNPs to other organs



mRNA-LNPs containing anionic helper lipids 
transfect primarily splenic DCs

…but what is the impact on adjuvant activity?

GFP mRNA-LNPs 
injected IV to BL/6 mice

Spleens processed for 
flow cytometry

24 h



3 signals are needed to mediate adjuvant activity

Signal 1

Signal 2

Signal 3



The absence of inflammatory cues (signals 2 + 3) 
promotes immune tolerance

Signal 1 only



Evaluating mRNA-LNP delivery to immune cells 
and resultant adjuvant activity

Ionizable 
lipids Anionic 

lipids

Lipid 
ratios

(Signal 2)

(Signal 3)



Anionic helper lipids reduce DC costimulation 
(Signal 2)
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Anionic helper lipids reduce inflammatory 
cytokine production (Signal 3)
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Anionic helper lipids reduce inflammatory 
cytokine production (Signal 3)
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Is this sufficient to elicit tolerogenic immune 
responses in autoimmune disease?

Multiple Sclerosis Rheumatoid Arthritis
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Multiple Sclerosis Rheumatoid Arthritis
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Can non-inflammatory LNPs delivering MOG mRNA 
reduce severity in a mouse model of MS?



EAE mice show progressive paralysis and recovery

Scoring is performed 

by blinded observers
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EAE mice show progressive paralysis and recovery

Scoring is performed 

by blinded observers

Limp tail
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phase Recovery



Tolerogenic MOG-LNPs reduce EAE severity



Multiple Sclerosis

• Tolerogenic mRNA-LNPs show 

protective effects in EAE

• Simple, single antigen model

Can tolerogenic mRNA-LNPs induce protection 
against autoimmune disease?



Multiple Sclerosis Rheumatoid Arthritis

• Tolerogenic mRNA-LNPs show 
protective effects in EAE

• Simple, single antigen model

Can tolerogenic mRNA-LNPs induce protection 
against autoimmune disease?
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Can non-inflammatory LNPs delivering mB29a mRNA 
reduce severity in a mouse model of RA?

mB29a = HSP70-derived peptide



PGIA severity is scored based on paw appearance

Ankylosed 

paw

Score: 0 1 2 3 4

Scores for all 4 paws are added
Max score = 16

Hooke Labs



Tolerogenic mB29a-LNPs reduce PGIA severity
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Anionic SORT LNPs can reduce disease severity in 
models of autoimmune disease

• Depends on lipid composition
• Ionizable lipid
• Anionic lipid

• Additional considerations and 
lessons learned: everything matters!
• LNP formulation strategy, size
• Dose
• Injection route
• What works for one disease isn’t 

necessarily the best for others
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