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An assessment of NIH research activities on autoimmune diseases with an 
emphasis on risk factors, diagnostic tools, barriers to 
diagnoses, treatments, and prospects for cures. 
. 
The committee will identify barriers to NIH-sponsored research, research 
gaps, and promising areas for future NIH-sponsored research that would 
benefit the greatest need

Goals of the Committee



Searching for a single unifying mechanism for AI diseases has blinded us to 
their complexity.

How we think about autoimmunity matters

“When faced with two equally 
good hypotheses, always choose 
the simpler.”



Acknowledging common features while also embracing disease 
heterogeneity is vital to moving research forward.

How we think about autoimmunity matters
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disease
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Failure of Immune Homeostasis and Tolerance
Autoimmunity-

Genetic Factors
Genetic Risk Variants &
Epigenetic alterations influence-
• Immune function/fate; 
• Tissue specific features

Health Immune 
Dysregulation

Tissue 
Inflammation

Disease 
Perpetuation

Time
Growth, Maturation, Aging, Comorbidities

Environmental Factors
Exposure to infection, tissue injury
Diet, exercise, stress, chemicals



Autoimmunity- Our Challenge and Opportunities
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Leo Tolstoy, Anna Karenina

“Happy families are all alike; every unhappy family is unhappy in its own way.“

To induce tolerance in the setting of autoimmunity- we need to know why 
tolerance was broken

Heathy immune systems 
are not all alike- when we 
look at individuals 
components.

But they achieve the same 
purpose

Autoimmune Diseases share 
common mechanisms.

But the complex interact between 
these mechanisms and tissue 
result in many different forms and 
presentation of disease.



What are the road blocks to tolerance in autoimmunity

Good News
Mechanisms of failed tolerance are shared across autoimmune diseases

Genetic risk
Immunologic Functional features
Response to therapies

Bad News
The immune system is built to be redundant and complex

Multiple Mechanisms are involved in retaining tolerance
Modest alterations to several pathways in combination are the norm

complex multigenic diseases
Autoimmunity diseases arise over time, and the mechanisms that lead to failed tolerance by differ based 

on stage of disease; initiation, progression and perpetuation may be different



• Focused too frequently on individual diseases or disease models
• Yet alterations in target tissue that may drive disease are ignored

• We fail to embrace and tackle complexity
• Simple or novel hypothesis are favored

• New approaches, models and analytical tools need to be established to tackle complexity

• We fail to include the aspect of time in our studies
• Cross-sectional studies focused on established disease

• Natural History studies yield novel insights into the mechanisms that drive each step of disease
• Initiation through perpetuation

• We lack an understanding of what immune health looks like
• Response to immune perturbation in health may uncover causes for failed tolerance

Where have we fallen short in research?

Health Immune 
Dysregulation

Tissue 
Inflammation

Disease 
Perpetuation



I will discuss
• Genetic Association to altered immune function to disease heterogeneity to therapy
• Mechanistic Studies of samples from clinical trials enlighten our understanding of 

response
• Studies in health and their implications for understanding autoimmunity

I won’t be talking about:
• Advances in understanding fundamentals of Immune system through models 
• Application of new tools to study the immune system
• Expanding understanding of microbiome

What can these teach us about how to move forward
Successful Research Strategies



Genetic Risk is presumed to initiate and environmental trigger to propagate 
Autoimmunity 

Environment Triggers

Autoimmunity                    DiseaseGenetic  Risk



Genetic Risk are shared across autoimmune diseases
Genetics has given us a window into autoimmunity

• Typically >100 genes 
associated with disease risk.

• Each gene confers only a 
modest increase in risk

• The genetics of 
autoimmune disease 
indicates complexity.

• Traits conferred by genetics 
are fixed

Good News Bad News

• Genes are predominantly but not exclusively involved in immune function



Rare genetic mutations have helped define pathways important in autoimmunity

Genetics has given us a window into autoimmunity

APECED patients played a central role in the 
recognition that T1D was an autoimmune disease.

IPEX patients demonstrate the powerful role of 
Treg in restraining autoimmunity

Schmidt et al.  2018
Nature Reviews Rheumatology

Bottazzo, G. F et al. 1974. Islet-cell antibodies in diabetes mellitus with autoimmune polyendocrine deficiencies. Lancet 
MacCuish, A. C. et al,. 1974. Antibodies to pancreatic islet cells in insulin-dependent diabetics with coexistent autoimmune disease. Lancet.



Autoantibodies specific for islet antigens predate disease and predict disease 
development

Natural History Studies have established the role of B cells in T1D

Ziegler A et al JAMA. 2013 

1 Ab

2 Ab

0 Ab

https://www.ncbi.nlm.nih.gov/pubmed?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23780460


• Insulin requirement remains but c-
peptide loss is slowed

• Protection is not maintained
• Autoreactive B cells return after 

therapy
• Response is not uniform
• Response is better in the youngest 

subjects

In new onset disease B cell depletion delays beta cell loss
B cell depletions in T1D

Pescovitz et al, NEJM 2009 



Role of B cells in T1D progression in the young
Natural History Studies Reveal Heterogeneity in T1D

• Rate of c-peptide loss is faster in young. 
• B cell signatures are higher in young individuals.
• Rate of loss of C-peptide is associated with B cell signature in the young.

C-peptide loss in T1D patients shows wide variation 
among and within subjects over time. 
Answer: linear regression models of C-peptide AUC

Whole blood RNAseq profiles differ 
betweenT1D subjects with fast and 
slow progression

Dufort Met al. 2019 JCI Insight



Common genetic variants associated with T1D promote B cell autoimmunity
Genetics of T1D expands our understanding of this process

 PTPN22 1858T SNP is associated with multiple autoimmune diseases 

 TYK2 Pro1104Ala variant (rs34536443) is associated with protection for 
autoimmune disease 

 IL2RA  and PTPN2(rs1893217) , IL-2 related SNPs are associated with 
multiple autoimmune diseases 

CD20

Ig

CD28

TCR MHC
CD40L

IL-6, IL-2, GM-CSF, 
TNFα, CXCL13

PTPN22 1858T
IL-2 related snp TYK2



The PTPN221858T variant is associated with alterations in B cell development in the 
periphery that is also present in T1D.

PTPN22 risk and T1D naïve B cells are enriched for 
autoreactive B cells

Menard et al JCI 2011



Common genetic variants associated with T1D promote B cell 
autoimmunity- IL-2 signaling linked to Tfh
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CD4 T cells of risk snps and  T1D subjects 
have impaired IL-2 response

CD4 T cells of  T1D subjects 
have impaired IL-2 response

Cerosaletti et al. PLOS ONE 2013 
Long Diabetes 2010

Kenefeck R. et al JCI 2014



Common genetic variants associated with T1D promote B cell autoimmunity-
TYK2 variants influence Tfh

TYK2 protective variant is associated with a decrease in Tfh and decreased 
switched memory B cells. 

Activation

B cell help

Tfh

?

Dendrou et al., Sci Transl Med 2016 

Gorman, Hundhausen et al Frontiers 2018 



Abatacept responders have low Tfh at baseline
Predictive Biomarker Identified in T1D

CTLA4 Ig (Abatacept)
• IV monthly x 2 yrs

Orban et al, Lancet 2011 

NR         R

Edner N et al Nature Medicine 2020



Teplizumab (Anti-CD3 mAb) Preserves beta cell function in Patients With T1D

Mechanistic Studies identify a new cell involved in maintenance of tolerance

Herold KC et al Diabetes 62:3766–3774, 2013 S. Alice Long et al. Sci. Immunol. 2016;1:eaai7793



Prediction could lead to prevention

Ziegler A et al JAMA. 2013 J

https://www.ncbi.nlm.nih.gov/pubmed?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23780460


Mechanistic studies confirm exhaustion profile is protective
Prediction and possibly prevention
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• T1D was diagnosed in 19 (43%) in teplizumab and 23 
(72%) in placebo groups.  

• The median time to diabetes increased in teplizumab as 
compared with placebo groups  from 24 to 48 mos. 



To attain a cure we need to understand the target- healthy immune system
Autoimmunity- Our Challenge and Opportunities
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Heterogeneity of individuals parameters is found in Healthy AI subjects

Broad Immune Heterogeneity is Seen in Health

• There is overlap between what is seen in healthy subjects and 
immune diseases.
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Example of Intra and Inter- individual variation over time
An Individual’s Immune Profile is Unique and Stable

Speak et al Frontiers Immunol 2019



Age and CMV contribute to variations across individuals
Immune Experience is a Source of Immune Heterogeneity

Kaczorowski KJ et al PNAS 2017



Seasonal Variation as a Source of Immune Heterogeneity



Diurnal Variation as a Source of Immune Heterogeneity

Sleep after Vaccination Boosts Immunological Memory

Tanja Lange et al J Immunol, 2011,  
Nocturnal sleep uniformly reduces numbers of different T-cell subsets 
in the blood of healthy men.

Am J Physiol Regul Integr Comp Physiol. 2016

Sleep

Wake



Smoking a lifestyle choice that influences the immune system

Environment and Lifestyle are Sources of Immune 
Heterogeneity



Twin studies control for environment in context of genetics
Teasing apart the influence of genes and environment



Figure 1 

Cell 2018 1751701-1715.e16DOI: (10.1016/j.cell.2018.10.022) 

Genetic and epigenetic factors contribute to immune 
heterogeneity



Maturation and microbial exposures promote immune maturation
Murine Models begin to imitate human biology

L K Beura et al. Nature 1–5 (2016) doi:10.1038/nature17655



A Diversified Research Portfolio that Promotes Integration

Well-orchestrated Deep Dive



• Projects that require development and maintenance of infrastructures 
over time. (longitudinal studies or natural history studies).

• Large consortia- can be excellent, but can become ungainly and hard to 
administer. Smaller committed groups may prove to be more productive

• Human immunology has increased challenges to demonstrate productivity 
and high impact publications.  Lessens the desire for junior investigators 
to pursue this path.

• Pathway for computational biologists to develop recognition as 
independent investigators while encouraging collaboration.

Barriers to NIH Funded Research



• Too Big
• Too small
• Blinded by shiny new technologies

When Innovation becomes the point instead away to an answer 

Too Big or Too small
Potential Pitfalls



• Develop improved models of human disease –
• Embrace studies of disease heterogeneity- disease mechanisms and interventions
• Expand studies of disease develop and course over time
• Bringing Big Data and Bench research together as partners in moving our 

understanding forward. How do we truly integrate our understanding of pathways
• Define Health- so that we have a target to shoot for if we are to cure AI
• Expand the inclusion of environmental, lifestyle, demographic features as variables 

that influence health and disease.

How could we accelerate discoveries that improve human health
Gaps



• Perturbations in vitro and in vivo hold promise for expanding our 
understand of immune modulation, plasticity, resilience and regulation .

• In vivo immune interventions with currently available therapeutics offers 
a window into the global impact of individual pathways in vivo.

• Studies that take advantage of interventions that target specific subtypes 
or stages of AI disease may yield significant progress both in fundamental 
understanding of disease and achieving the ultimate goal of prevention 
and cure.

Ways to increase our understanding of the human immune response
Promising Avenues 



A Diversified Research Portfolio that Promotes Integration

Well-orchestrated Deep Dive
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