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Leaming while treating: Gain-of-function
STATG6 variants in severe allergic disease
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In an era of rapid identification of inborn errors of immunity, Sharma et al.” report novel heterozygous gain-of-
function variants in the signal transducer and activator of transcription 6 (STAT6) gene in individuals with se-
vere and early onset multi-systemic allergic disease.

Since the discovery of signal transducer
and activator of transcription (STAT) in
1988 followed by Janus kinases (JAKS)
in 1992, the JAK-STAT pathways are
now recognized as central to cell survival,
proliferation, differentiation, and develop-
ment, as well as immune responses and
other essential biological functions. Aber-
rancies of JAK-STAT pathways underly a
growing number of heterogeneous human
disorders manifesting as impairment of
normal immunity, and in some, type 2 im-
mune dysregulation with allergic manifes-
tations. For example, heterozygous loss-
of-function (LOF) mutations in STAT3
were first identified as the cause of the
autosomal dominant (AD) form of the hy-
per-immunoglobulin E (IgE) syndrome
(HIES).® Subsequently, gain-of-function
(GOF) mutations in JAK-STAT pathways
leading to multiple inflammatory pheno-
types have been discovered, including
STAT3, STAT5B, and JAK1.*”’

Due to recognition of a heterogeneous
group of single gene disorders character-
ized predominately by atopic and allergic
disease manifestations, the term “primary
atopic disorders (PADs)” has been widely
adapted,®with more than 40 monogenetic
disorders now discovered.® Key pathways
found to be affected include T cell and B
cell receptor signaling, cytokine signaling,
and skin barrier and mast cell function.®?
In a recent issue of Journal of Experimental
Medicine, Sharma et al." studied 16 pa-
tients from 10 kindreds with severe early-
onset allergic disease identified by expert
clinicians, all of whom carried monoallelic
rare variants in STAT6 (NM_001178079.2)
identified by next-generation sequencing

using either whole-exome or a targeted
gene panel approach. Individuals repre-
sented diverse ethnicities inclusive of Eu-
ropean, Hispanic, Middle Eastern, and
Asian (South, East, and Southeast)
ancestry. In 4 patients, de novo STAT6 mu-
tations were found, and disease was fully
penetrant in the families studied with all
STAT6 variant carriers being affected.
Based upon pathogenicity prediction
models with combined annotation depen-
dent depletion (CADD), sorting intolerant
from tolerant (SIFT) and polymorphism
phenotyping v2 (Polyphen-2) scores,
described variants were all predicted to
be highly pathogenic. None of the variants
have previously been reported in popula-
tion databases.

The interleukin 4R (IL-4R)-STAT6 axis
plays a critical role in type-2 immunity,
and its dysregulation plays a pathogenic
role in different allergic diseases. STAT6
is critical in activating cytokine gene
expression and cytokine signaling both
in the immune cells and in airway
epithelia, keratinocytes, and esophageal
epithelial cells. STAT6 is activated by
the type 2 cytokines IL-4 and IL-13 that
are central to the pathogenesis of allergic
disorders including asthma, atopic
dermatitis, food allergy, and eosinophilic
esophagitis (EoE). Through a series of
eloquent experiments, transcriptomic/
proteomic studies, and functional as-
says, Sharma et al." demonstrate that
the STAT6 germline monoallelic variants
underlie severe allergic disease by a
GOF mechanism. The variants led to
sustained STAT6 phosphorylation due
to delayed dephosphorylation, increased

STAT6 target gene expression, and a
TH2-skewed transcriptional profile.

In addition to this work, individual case
reports have identified other de novo GOF
variants of STAT6 found in children with
very similar clinical features, including an
initial report that described atopic disease
in a father and his two children implicating
a germline pathogenic variant.’® Impor-
tantly, the recent work characterized a
larger cohort including different families
with both sporadic and affected individ-
uals over multiple generations consistent
with autosomal dominant (AD) inheri-
tance. These findings highlight the
severity of GOF mutations that should be
suspected in individuals with early onset
of severe allergic disease manifesting
within the first year of life and those with
refractory disease. Notable clinical fea-
tures include patients presenting with
treatment-resistant dermatitis, food al-
lergies, followed by asthma, eosinophilic
gastrointestinal disease and severe epi-
sodes of anaphylaxis. Highlighting more
global immune dysregulation, half of the
patients also presented with recurrent
skin, respiratory, and viral infections,
although none had history of fatal infec-
tions. Like features of HIES, short stature,
skeletal issues such as pathologic frac-
tures, and generalized hypermobility
were also described. One patient had a
history notable for B cell lymphoma,
consistent with previous reports that
have implicated activating somatic muta-
tions in STAT6. Two separate fatalities
due to anaphylaxis and a cerebral aneu-
rysm also occurred. Other aspects of the
clinical laboratory and immunological
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work were largely unremarkable. T, B, and
natural killer cell numbers were all typi-
cally in the normal range although clinical
evidence of chronic systemic inflamma-
tion was documented (i.e., elevations in
white blood cell counts, platelets, and
serum immunoglobulin levels).

Finally, the authors translated their
mechanistic findings into patient treat-
ment with the use of select JAK inhibitors
(ruxolitinib and tofacitinib) and the IL-4Ra
monoclonal antibody dupilumab. These
therapies were selected based upon
in vitro activity demonstrating reductions
in phosphorylated STATS in variant trans-
fected HEK293 cells. Both drug classes
led to the improvement in clinical out-
comes in those who failed to respond to
corticosteroids, topical tacrolimus, oral
methotrexate, and anti-IL-5 monoclonal
antibody. Using primary patient cells, the
authors further showed that the JAK in-
hibitor tofacitinib promoted STAT6
dephosphorylation following IL-4 stimula-
tion. Though the study was not blinded
nor powered to determine treatment su-
periority, the mechanistic insights via
GOF STATG6 variants led to dramatic im-
provements in the patients studied.

The authors justifiably propose that the
described heterozygous GOF variants in
STAT6 be added to the list of AD causes
of the hyper-IgE phenotype and recom-
mend genetic testing as the most efficient
initial diagnostic approach for patients
who experience severe allergic disease
very early in life. The availability of
genomic sequencing is becoming more
accessible and, with commercially avail-
able gene panels, such diagnostic tools
have heavily informed treatment strategy
while continuing the search for reliable
prognostic clinical biomarkers. This study
also highlights the need for streamlined
approaches to clinically correlate gene
variants for which pathogenicity has not
been described, possibly using pathoge-
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nicity prediction models along with
functional assays. Although a portion of
clinical immunologists have access to

research laboratories with such re-
sources, there remains unmet needs
including lack of awareness of re-

searchers willing to collaborate and
expense of studies not covered by insur-
ance. Because allergic disease pheno-
types show a spectrum of severity, signif-
icant questions remain regarding who
should be tested for STAT GOF variants,
timing of testing, and how treatment
choices might be affected by results.
However, increased awareness of this
work and similar reports will hopefully in-
crease pediatric, primary care, and com-
munity allergy referrals to improve upon
early diagnosis, initiation of effective
treatment, and clinical outcomes.
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