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• One in five people with AA has a family member with AA
• Certain genes increase risk but doesn’t mean you will get AA

Simple Answer: Yes



Complete Answer

There are other 
characteristics that influence 
autoimmune disease
- environmental factors like 

diet, smoking, where you 
were born, where you grew 
up, infections, medication 
history, unknown….

- DNA changes are 
complicated



Why have we suspected genetic component? Twin Concordance

CosmoDermLetter to the Editor
(2024)4:43
doi:10.25259/CSDM_40_2024

J Am Acad Dermatol (2010)  62(3):525-7.



High Rates in some Families of AA and other 
autoimmune disease

• First-degree relatives of people with AA have estimated 7.8% risk of developing AA, 
compared to general population prevalence of 2.1%.
• Concept of familial autoimmune disease aggregation



Alopecia areata is seen in some Primary 
Immunodeficiency syndromes/ Inborn Errors of 

Immunity (IEIs)

Autoimmune Polyendocrinopathy
Syndrome Type 1



Other IEIs and Alopecia Areata



Does this mean that AA is caused by single genes?

• Quick answer: In 10% of cases yes but not in the other 90%
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KRT82
SOCS1           NKFB  
CTLA4      RAG 



What does it mean if something 
is monogenic, polygenic or 

complex?



Mendelian Genetics- Monogenic

Trait is determined by one gene

Flower Pigment



Inborn errors of Immunity

• One gene causes a host of changes e.g. AIRE gene mutation leads to 
failure of T-cell tolerance 



How is Alopecia areata different in IEIs?

• Often occurs in childhood
• Mostly you cannot tell any difference except you may other symptoms
• May have recurrent infections
• May have more than 2 autoimmune diseases





Monogenic disease can 
teach us a lot about why a 
disease might happen

• Importance of T 
Regulatory cells 

• Infection and other 
stressors may impact AA



Polygenic: Multiple genes contribute to trait

https://www.express.co.uk/news/uk/561472



Non-Mendelian Genetics- Polygenic

Trait is determined by more than one gene 
and some of these genes may not be coding genes

Human
Skin 
Pigment

https://www.khanacademy.org/



Autoimmune Disease: Complex inheritance
 Multiple Genes can be altered plus other

Coding versus Non-coding 
genes



Autoimmune disease- 90% Complex

Additive effects of 
multiple  

susceptibility genes

Single nucleotide 
polymorphisms (SNPs) 
exert small impact and 
in noncoding regions 

but can add up
SNPS can lead to variable 

expression of a gene rather than 
a different protein product

Environment 
can change 
expression



Single Nucleotide Polymorphisms



Genome Wide Association Studies

• Research method that compares the DNA of many people to identify 
genetic markers that may be associated with a disease or trait.

https://www.ebi.ac.uk/training/online/courses/gwas



Statistical analysis is carried out to indicate how likely a variant is to 
be associated with a trait.



Alopecia GWAS
(Petukova, 2010, Erjavec, 2022, Yang, 

2023)
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Comparing GWAS
For multiple
autoimmune
Diseases



Recognition of these variants led to testing of 
JAK inhibitors first in mice and then humans



Can you easily test genetics of AA in clinic?
• Whole exome sequencing will identify monogenic disease but usually not 

the polymorphisms/SNPs 
• Whole genome sequencing can identify polymorphisms but not practically 

used and difficult to know if it is cause (coding and noncoding regions)

Erjavec, …Christiano 
Nat Commun. 2022 Feb 10;13(1):800.



There have been identification of a meaningful 
proportion of genetic variants associated with 
alopecia areata but:

• Need better and more meaningful clinical tests/panels
• Need to look at the level of the hair follicle and what 

genes are up or down during AA and after treatment
• Need to elucidate environmental factors and their 

interactions with gene function (global and cell level)



What are we doing to assess 
genes in tissues affected by AA? 

Single cell RNA sequencing



Single Cell RNA sequencing

The Scientist



Can look at specific populations of cells in biopsy 

LymphocytesWhole Biopsy



Significant changes in specific clusters



Can look at specific genes that are upregulated or downregulated

HC
Alopecia
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Spatial transcriptomics

Allows incubation of tissue with specific gene probes to ask where are these 
Genes up or down in the context of the hair and surrounding skin



Control Alopecia

Probes for predefined genes



Control Alopecia

Gene 1

Gene 2



Problems with this approach

• Takes a lot of time and costs a lot of money
• Now being used mostly as a research test
• Not the complete answer
• We know about non-coding genes and we know 

environmental factors plays a role



Twin studies again

• The over ten-fold 
increase in AA 
concordance in siblings 
with identical DNA 
sequence compared to 
siblings sharing 50% 
genetic identity 
indicates a large 
genetic component to 
disease risk

• But also suggest other 
things play a role

Factors contributing to the facial aging of identical twins”
B Guyuron, DJ Rowe et al., 2009, Plast Reconstr Surg, 123(4), p. 1322.



Chromosome 3 methylation in 3-year-old 
twins vs. 50-year-old twins

“Epigenetic differences arise during the lifetime of monozygotic twins.” 
M.F. Fraga, E. Ballestar et al., 2005, Proc Natl Acad Sci U.S.A., 102 (30), p. 10607



Epigenetics: changes in DNA that do not involve 
alterations to the underlying sequence

https://en.wikipedia.org/wiki/E
pigenetics#/media/File:Epigene
tic_mechanisms.png



Can these be targets of therapy?

• Targeting epigenetic factors may be more specific than targeting the 
immune system pathways

• If we know a specific gene expression is up or down in an individual’s 
tissue can we use epigenetic therapeutics to do the opposite.

• This is happening for other diseases: histone modifying enzymes for 
Colorectal Cancer 



So is Alopecia Areata Genetic?



Summary

• Progress has been made
• Combined effects of risk alleles important
• The more we learn about genetics, the more we need to know
• Transcriptional variation at the tissue level is happening
• Spatial Transcriptomics tell us about  tissue gene expression changes
• Epigenetics of alopecia is an area that may lead to additional 

therapeutics and potentially enable understanding of environmental 
factors impact on autoimmune disease



Thank you!

Questions?

Leslie.Castelo-
Soccio@nih.gov



Final 
Disclosure

• This talk represents my own 
views of the science and not 
necessarily my employer, The 
National Institutes of Health
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