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SLE: Unmet needs and opportunities

ACR images



Cumulative mortality significantly higher in

African Americans than Whites with SLE
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Lupus can involve all organs and tissues
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The disease manifests differently in every patient 
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Female predisposition to autoimmunity

▪ Up to 3/4 of autoimmune disease patients are women

▪ The female predominance varies among autoimmune 

conditions, ranging from extreme female predominance in 

systemic lupus erythematosus, Sjögren’s syndrome, and 

primary biliary cholangitis, to extreme male predominance in 

ankylosing spondylitis

6 Olferiev M.





Rare and common genetic variants provide a

window into SLE: 
� Can potentially provide risk assessment 

� Can identify molecular pathways that contribute

to pathogenesis of SLE and candidate targets for

therapy



� Study using Taiwan National Health Insurance Research Database

� 23,658,577 participants; 18,283 had SLE

� Accountability for phenotypic variance:

• 43.9% for heritability

• 25.8% for shared environmental factors

• 30.3% for non-shared environmental factors

� Relative Risk of developing SLE:

• Twins – 316

• Siblings – 24

• Parents – 11.4

• Offspring – 14.4

• Spouses – 4.4



Analysis of 27,574 SLE cases and controls

Genome-wide associations in SLE

Langefeld KD, et al. Nature Communications, 8:16021, 2016 



The non-additive effect of risk-allele genetic load on 

SLE risk  

Langefeld KD, et al. Nature Communications, 8:16021, 2016 

The risk allele count 

(genetic load) exhibits an 

accelerating

pattern of SLE risk, 

suggesting a cumulative hit 

hypothesis

for autoimmune disease



Liu Z, Davidson A ., Nature Medicine 18:871, 2012 

Genetic variants identify molecular pathways

contributing to disease pathogenesis



Genetic variants identify molecular pathways

contributing to disease pathogenesis
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Genetic variants contribute to impaired

regulation or clearance of self-nucleic acid



Hereditary deficiencies of classical complement pathway 

components are strongly associated with risk of SLE

� Complement required for identification, opsonization and disposal 

of apoptotic cells and immune complexes

� C1q deficiency associated with exuberant CD8 T cell response to

virus infection leading to immunopathology

Lintner KE, et al. Front Immunol. 2016; 7:36.

Ling GS, et al. Science  2018; 360:558-563.



SLE patients with homozygous deficiency of

early complement pathway components have severe disease

Lintner KE, et al. Front Immunol. 2016; 7:36.



• Whole genome sequencing on 71 Swedish SLE parents and

their families

• Enrichment in ultra-rare mutations in 22 genes known to cause

monogenic SLE

• Seven examples of coding heterozygous mutations in 5 genes:

C1S, DNASE1L3, DNASE1, IFIH1, and RNASEH2A

• Common risk variants typically derived from one parent and

the heterozygous rare variant from the other parent

Heterozygous rare variants in genes impacting

nucleic acid regulation or clearance identified in SLE



Innate Adaptive

immune system products         + immune system products

Interferons Autoantibodies

Proposed key requirements for

clinical manifestations of SLE

Genetic risk in the setting of sufficient antigen promotes:



Neonatal lupus

� Transplacental transfer of maternal anti-Ro antibodies

� Cutaneous manifestations

� Risk of complete congenital heart block

Jill Buyon

Virtually all 

mothers of 

neonatal lupus 

babies have high-

titer anti-Ro 

autoantibodies



Niewold TB et al., Arthritis Rheum. 2008; 

58: 541–546

Only mothers with BOTH high titer anti-Ro antibodies

and high type I interferon activity have clinical disease

Tim Niewold



Yusof M, et al. Ann Rheum Dis,  77:1432, 2018

ANA+ individuals with a positive type I IFN score

are more likely to progress to SLE or SS

in 12 months than those IFN score negative 



Lu R, et al. J  Autoimmun. 2016;  74:182-193.

Only patients with soluble mediators

AND autoantibodies manifest clinical SLE



Neonatal lupus mothers

Military personnel
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Innate Adaptive

immune system products         + immune system products

Interferons Autoantibodies

Proposed key requirements for

clinical manifestations of SLE

Genetic risk in the setting of sufficient antigen promotes:



Induction of type I interferon



Type I interferon comprises a complex family

of cytokines with diverse effects on immune function

Anti-viral

Immunomodulatory
Activates APCs

Induces BAFF

Promotes IFN-γ production

Promotes Ig class switch

Induces chemokinesIFN-α



Fensterl V, et al. Annual Rev Virol. 2015

Type I interferon signals through IFNAR and induces 

100’s of interferon-stimulated genes:

the “Interferon Signature”



Type I interferon-induced gene transcripts are 

increased in

lupus blood and tissue (the “Interferon Signature”)

Toukap AN et al. Arthritis Rheum 

56:1569, 2007
Bennett et al, JEM, 2003

Lupus Blood Lupus Synovial TissueJaccoud’s

Arthritis



In lupus patients, type I interferon 

production and response are sustained
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Interferon signature can parallel or precede a 

severe flare 

Crow MK, Olferiev M, Kirou KA, Ann Rev Pathol, 2019



The immunologic effects of type I interferon can 

contribute to 

clinical manifestations of SLE

Crow  MK,  Olferiev M, Kirou KA, Annual Rev Pathol, 2019 



What drives production of type I interferon?

Can the innate immune system mistake self-nucleic acid

for the presence of infection?



Endosomal Toll-like receptor-mediated induction

of type I interferon

Crow  MK,  Olferiev M, Kirou KA, Annual Rev Pathol, 2019 



Type I IFN production can be induced by

RNA-containing immune complexes

Crow MK, Olferiev M, Kirou KA, Ann Rev Pathol, 2019



Neutrophil extracellular traps (NETs) containing DNA

can activate an innate immune response and induce IFN



Alterations in intrinsic cellular regulation of nucleic 

acid integrity or degradation can generate innate 

immune stimuli that drive type I interferon 

production – IFNβ, as well as IFNα



Cytosolic sensor-mediated induction of type I interferon

Crow  MK,  Olferiev M, Kirou KA, Annual Rev Pathol, 2019 



What is the nature of the nucleic acids that induce 

type I IFN?

Extracellular
• Nucleic acid-containing immune complexes

• Nucleic acid-containing microparticles

• Neutrophil extracellular traps (NETs)

• Oxidized mitochondrial DNA

• Virus

Intracellular
• Cytoplasmic RNA

• Cytoplasmic DNA

• Retroelement-derived nucleic acid

• Oxidized mitochondrial DNA

• Virus



Mavragani C, Sagalovskiy I, et al. Arthritis Rheum, 68:2686, 2016 

LINE-1 protein is expressed in Sjögren’s salivary glands

and its nucleic acid induces type I interferon



Therapeutic targets for type I IFN pathway inhibition

� Afferent Target: Plasmacytoid Dendritic Cell – the major 

producer of IFN-α

• BDCA2

• TLR7/8

• IRAK4

� Primary target: IFNs or their receptor, IFNAR

� Efferent Target: Jak1/Tyk2 inhibition – kinase mediating  

IFNAR signaling



Chaichian Y, Wallace DJ, Weisman MH. J Clin Invest., 2019

Therapeutic targets for type I IFN pathway inhibition



JCI 129:1359, 2019





O’Shea JJ, et al. Ann Rev Med. 66:318-28, 2015 

Jak inhibitors target kinases downstream

from type I IFN receptor

e.g., baricitinib and ruxolitinib inhibit Jak1 and Jak2



Genetic variants contribute to Ag presentation 

by MHC and can alter threshold for

T and B cell activation/signaling



David Wofsy



Crotty S., Immunity 50:1132, 2019 

The microenvironment shapes the impact

of antigen presentation on T follicular helper

and T helper 1 cell differentiation



• Of 76 identified SLE-associated genes, 82% of SLE patients and

72% of healthy controls carried rare variants in SLE-associated genes

• BLK, LYST, TYK2, UHRF1BP1 and IKBKE were most common rare

variants in SLE patients

• SLE-associated BLK alleles have diminished IRF5-mediated suppression

of type I interferon 



Therapeutic targets to reduce autoantibody 

production

� Afferent Target: T cells
a) T cell activation – driver cytokines

• IL-12

• IL-23

b) T cell regulation – inducer cytokine

• Low dose IL-2

c) T cell trafficking

� Primary Target: T-B interaction 
• CD40 ligand-CD40 interaction

• IL-21

• IFNγ

� Efferent Target: Autoantibody producing B cells
• BLyS

• BTK

• CD20



IL-12 and IL-23 contribute to T helper 1 and Th17 cell 

development
Phase 2 data on ustekinumab promising

Teng MWL, et al., Nature Med. 21:719, 2015



Effector T cells and Regulatory T cells show differential use

of signaling pathways and differential sensitivity to IL-2

Klatzmann D and Abbas AK. Nat Rev Immunol, 2015. 



IL-2 therapy can potentially promote both

effector T cells and regulatory T cells

Klatzmann D and Abbas AK. Nat Rev Immunol, 2015. 







Pal Singh S, et al. Molecular Cancer 17:57:2018

BTK is an important focal point for signaling

downstream of the B cell antigen receptor



BTK also acts downstream of

chemokine receptors, TLRs and Fc receptors

Pal Singh S, et al. Molecular Cancer 17:57:2018



Suggest combination therapies for more effective

targeting of pathogenic mechanisms

Innate Adaptive

immune system products         + immune system products

Interferons Autoantibodies
Drug A + Drug B



Tissue response to injury



Flores-Mendoza G, et al. Trends Mol Med, 24:364, 2018 

Intrinsic renal mechanisms contribute to lupus nephritis

Complement activation

Myeloid cell activation

thru FcRs

Adaptive immune 

activation

Intrinsic renal mechanisms

• Podocyte injury

• Parietal cell proliferation

• Extracellular matrix

deposition



Summary

� Analysis of genetic variants conferring increased risk of SLE can 

identify key molecular pathways that contribute to disease 

pathogenesis

� Rare genetic variants provide clues to relevant mechanisms of 

nucleic acid regulation or clearance

� Activation of the innate immune response  - with type I interferon a 

key mediator – and the adaptive immune system  - resulting in 

autoantibody production – are core mechanisms and suggest many 

therapeutic targets 

� Combination therapies targeting the interferon pathway and 

autoantibody production may provide superior therapeutic efficacy 

compared to current options
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