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Inborn Errors of Immunity

Inborn errors of immunity (IEI) are genetic disorders that 
predispose to susceptibility to infections, autoinflammation, 
autoimmunity, allergy, and malignancy. 

Adapted from Tangye et al. J Clin I, 2022



There are over 600 unique IEIs, mostly 
discovered by forward genetics

IEIs affect < 1 in 1,000 people
Phenotype

Genotype

Precision Medicine

Tangye, S.G., Al-Herz, W., Bousfiha, A. et al. J Clin Immunol 42, 1473–1507 (2022). 



▪ Families carrying a mutation often have reports of incomplete penetrance. 

▪ This is true in Inborn Errors of Immunity, monogenic disorders of the immune system.

Incomplete penetrance is common ground in 
genetic disorders
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Genomic Imprinting

X-Inactivation Monoallelic Expression

Transcriptional Bursting
Time 1 Time 2

Adapted from Reinius and Sandberg 2015

Not all genes are expressed from both alleles
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Biallelic expression vs Monoallelic expression 
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Gruber et al. Immunity, 2020

scRNA-seq identifies JAK1 allele specific expression 
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Hypothesis:  Monoallelic expression contributes 
to phenotypic variability in IEIs



Generating clonal T cell populations

T cell clonesDonor PBMCs Single-cell sort

T cells

PHA, IL-2
Feeder Layer 

PBMCs

Healthy 
Donors 
(n = 10)



Assessing MAE in genes of interest

3. Differentiate between two alleles

Whole Exome Sequencing
(Heterozygous SNPs)

Bulk RNA-seq

4. Identify expressed transcripts

1. Select cell type/system 

Primary cells 

2. Stability of expressed allele

Clonal expansion

6. Validation 

qPCR/ddPCR

5. Computational pipeline

ATGC



Which PID genes undergo Monoallelic 
expression?



Half of known IEI genes assessable in T cell system

Total=485

Counts > 10

Counts < 10

255 230

485 PID genes have been reported 230/485 PID genes have Het SNPs 
with coverage in T cells

Heterozygous (Het) SNPs present in 
350/485 PID genes

Total=485

Het SNP (Yes)

Het SNP (No)
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Clonal T cell system reveals MAE of PID genes
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About 5% of all genes can undergo MAE

when assessing ~20 clones



About 50% of all genes (IEI) can undergo MAE

when assessing ~200 clones



Does MAE increase with age?



PLCG2 MAE is stable for weeks in culture
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H3K27me3 and DNA methylation regulate MAE 



JAK1
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JAK1 mediates response to 25+ cytokines 
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In vitro analysis of S703I — gain-of-function
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Incomplete Penetrance in family with JAK1 
mutation
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S700N variation in JAK1 leads to GOF



Monoallelic expression in JAK1WT/S700N Patient cells
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Monoallelic expression in JAK1WT/S700N Patient cells
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Monoallelic expression in JAK1WT/S700N 

Patient cells

WT

Mother ( sick)

Daughter 

c.2099G>A (p.S700N)

WT/M

WT/M

WT/M

WT/WT

I

II

III

1

1

2

1 2



PLCG2



Discordant Class-Switched antibody production in 
PLAID patients

Adapted from Ombrello et al., NEJM. 2012

Patient A (III-11) 

• Asthma
• Skin granuloma of nose (resolved by Age 1)
• Vitiligo
• Anti Nuclear Antibody - Positive 
• IgG normal (1480) IgM normal (44), IgA normal (283), 

IgE normal (54)

Patient B (IV-4)

• Onchomycosis
• Mild Disease 
• IgG low (325) IgM low (<21), IgA low (45), IgE normal 

(18)
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Experiment Design

PLCG2wt/mut Sort B cells based on calcium fluxHealthy Controls
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Monoallelic expression in PLCG2WT/delEX19 
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Monoallelic expression in STAT1 GOF

Nature 2025



Monoallelic expression in STAT1 DN

DNA

RNA

Nature 2025



• MAE occurs naturally in all of us. Why?

Conclusions



100 80 66 50 33 20 0

PatMat

Personal Evolution Theory



MAE renders explanation to some incomplete penetrance cases.

In a way, a family member that has a variant may not get sick, but this 
is not for sure. We need to monitor it. 

Conclusions
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