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A novel gain-of-function mutation in STAT5B is associated with
treatment-resistant severe atopic dermatitis

To the Editor,

Janus kinase (JAK) and signal transducer and activator of tran-
scription (STAT) pathways are among the major cellular pathways
that integrates signals from cytokines, growth factors and hormones
to regulate proliferation, survival, differentiation, as well as apop-
tosis.! STAT proteins are critical mediators of cytokine signals that
regulate gene expression programs underlying key processes in-
volved in the immune system. STAT5B is a cytosolic protein involved
in signal transduction in response to several cytokines, including IL-
2, IL-7 and IL-15. STATS signalling promotes T cell proliferation and
survival, maintain FOXP3+ regulatory T (Treg) cells, and expand Treg
cells that promote cancers by inhibiting the antitumor activity and
leading to the progression of tumours. Consistent with these find-
ings, exaggerated STAT5B activity is often linked to malignancies.?
Somatic heterozygous gain-of-function mutations (GOF) in STAT5B,
N642H mutation, have been described in multiple leukaemias and
lymphomas in humans.>* Increased STAT5 signalling has also been
shown to cause allergic and myeloproliferative phenotypes in murine
models.>¢ Interestingly, in correlation with these findings, somatic
heterozygous GOF STAT5B N642H mutation has been reported in
two independent children with neonatal-onset urticaria, diarrhoea,
granulomatous skin lesions and some infectious episodes but with-
out any signs of neoplasm. It was also noteworthy that there were
markedly elevated levels of eosinophils.” Since there are only two
described patients with an identical mutation in the STAT5B gene
with nonneoplastic phenotype, we expand the repertoire of such
mutations reporting a patient with a novel heterozygous STAT5B mu-
tation presenting with treatment-resistant severe atopic dermatitis,
urticarial rash and hair loss.

A 7-year-old girl born to non-consanguineous parents presented
with treatment-resistant atopic dermatitis, urticarial rash, hair loss,
multiple food allergies, allergic rhinitis and allergic asthma was ad-
mitted to hospital. She was a full-term born baby with no complaints
up to 1-month-old who was later found to have atopic eczema
with cow's milk, egg and nuts allergies. She had recurrent otitis at
2-3 years of age, atopic dermatitis with hair loss, and angioedema
attacks with walnut by 5 years of age. Partial response was seen with
dietary elimination of cow's milk, egg and nuts until 3 years of age
and dietary elimination continues with nuts. She has been using top-
ical corticosteroids, calcineurin inhibitors and intermittent systemic
corticosteroid for more than 4 years. The patient's allergic asthma is
under control with inhaler corticosteroid prophylaxis. She has no re-
spiratory tract infections, abscesses or diarrhoea. Her family history
was significant for atopic diseases as her father has atopic dermatitis
and seborrheic dermatitis and multiple paternal relatives has atopic

dermatitis, allergic rhinitis and allergic asthma. There was no family
history of consanguinity, autoimmunity, immunodeficiency, haema-
tological malignancy or unexplained deaths (Figure 1A).

Physical examination revealed eczematous lesions on the hands,
back of the knees, elbows, face, around the eyes, trunk and ankles,
and her score of atopic dermatitis (SCORAD) was 86 (Figure 1B). Her
height and weight were in 50th percentile, and aside from the der-
matological symptoms, physical examination was normal. Laboratory
findings revealed eosinophilia (7600/mm?®) and immunoglobulin E
(IgE) elevation (17,818 IU/kl). Other immunoglobulins (IgG, IgA, IgM)
and antibody responses to childhood immunizations were normal.
She was also evaluated for autoantibodies, such as anti-neutrophil
antibodies, anti-thyroid antibodies, and the results were negative.
Lymphocyte subgroup analyses were within normal limits according
to age-matched reference values except for elevated effector mem-
ory CD4+ T cells and terminal effector memory (TEMRA) CD8+ T
cells.

Next-generation sequencing analysis was performed on ge-
nomic DNA from peripheral blood mononuclear cells (PBMCs) using
SOPHIA Clinical Exome Solution that covers the coding regions
(+5 bp of intronic regions) of 4490 genes (target region of 12 Mb)
related to rare inherited diseases including the hyper IgE syndromes
(DOCKS8, STAT3, PGMS, etc.) and the genetic causes of the hypereo-
sinophilic syndromes and no pathogenic mutations were identified
for these syndromes. Heterozygous STAT5B ¢.650 G>A p.Arg217His
mutation was identified and this variant was not registered in the
following genetic public database: HGMD, LOVD, NCBI ClinVar,
dbSNP and ExAC. To determine pathogenicity in silico of this vari-
ant we used online prediction programs: Mutation Taster, PolyPhen
(Figure 1C). Sanger sequencing of parents for STAT5B determined
that her father had the same mutation. He had milder eczema with
severe alopecia and a history of refractory childhood dermatitis like
his daughter. The mutation lies in the coiled-coiled region of STAT5B;
however, it appears to be conserved across species (Figure 1D,E).

The pathogenic GOF mutations described up to now lie in the Src
homology 2 (SH2) domain of the protein, which governs interactions
with phosphotyrosines.3 Others, however, described a heterozygous
dominant negative mutation in the coiled-coiled region (p.GIn177Pro
substitution).® p.GIn177Pro variant did not impact STAT5 phosphor-
ylation, rather reduced STAT5B nuclear localization, the patient thus
presented with short stature and mild immune dysregulation.®

To assess whether the mutation is a gain of function in our
patient, basal and cytokine induced STAT5 phosphorylation
was studied. At the basal level without stimulation, the patient
and the father's samples showed significantly increased STAT5
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phosphorylation (pSTAT5-PE (Y694)) compared with healthy con-
trols supporting that the mutation could lead to gain of function
(Figure 1F,G). Since STAT5 mediated signalling is important in Treg
cell expansion and function, their numbers were assessed in the
patient and controls. Treg cell frequency among CD4+ T cells
were higher than those of healthy control in samples taken from
the patient at different times (Figure 2A). Such increase has not
been reported in the case by Ma et al.,” which may perhaps be at-
tributed to the location of the mutation in STAT5B (coiled-coiled
domain vs. SH2 domain). Additionally, to test whether Treg cells
are deficient in production of cytokines that mediate suppression,
CD3+CD4+CD25+ Treg cells were sort purified and IL10 and TGFp
expression was quantified by real-time gPCR (Figure 2A). IL10 ex-
pression was comparable across the patient, father and the control.
TGFp expression was significantly higher in the Treg cells of the fa-
ther, and perhaps may explain the milder phenotype of the father.
In response to different T cell mitogens CD3, CD28, PHA, PMA-
lonomycin, and IL-2 stimulation, the T cells belonging to healthy
control proliferated more efficiently (Figure 2B,C). Although total
proliferation by the patient's T cells was slightly reduced, more de-
tailed examination of highly or moderately proliferating fraction
revealed a more dramatic difference. While highly proliferating
fraction was less, moderately proliferating cells were higher among
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Key messages

e Heterozygous STAT5B c.650 G>A p.Arg217His muta-
tion led to gain of function, and was correctable by rux-
olitinib in vitro.

e This germline variant was associated with severe
treatment-resistant or mild eczema in the daughter and
father, respectively.

e Skin inflammation was marked by elevated IL22 or IL5 in
the daughter and father, respectively.

the patient's T cells, which was inverted in the healthy control and
the father (Figure 2B,C).

To better understand the mechanism of eczema in the patient,
IL-4 cytokine production by PBMCs were investigated (Figure 2A).
No detectable differences were observed between the patient,
father and healthy control samples, ruling out an IL-4 mediated
mechanism for the pathogenesis of atopy. Skin biopsy samples
from the patient, the father and an unrelated control (taken from
healthy skin region of an actinic keratosis patient) were investi-
gated with respect to the expression of RORC, FOXP3, IL-22, AREG,
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FIGURE 1 (A) The pedigree of the patient. (B) Physical examination revealed eczematous lesions on the hands, back of the knees,
elbows, face, around the eyes, trunk and ankles, and her SCORAD was 86. (C) Cartoon of STAT5B domains. STAT5B ¢.650 G>A p.Arg217His
mutation was detected. Sanger sequencing of parents for STAT5B revealed that her father had the same mutation but only mild eczema.

(D) Alignment of STAT5B amino acid sequences around the mutation site (p.217) across different species' 3D structure of STAT5B Protein.
(E) Three-dimensional ribbon diagram of STAT5B and the location of the mutation in the coiled-coiled domain. (F) pSTAT5-PE (Y694) levels in
lymphocytes prior to and after 20 min of stimulation with IL-2 and IL-7, IL-15 and GM-CSF cytokines a representative flow plots were shown,
their quantification with 2-3 technical replicates in (G). For p-values *<.05, **<.01, ***<.001
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FIGURE 2 (A) Treg cells frequency was shown by both CD25 and FOXP3 staining. IL-4 cytokine production by CD3+CD4+ T cells was
quantified upon stimulation with PMA/lonomycin, three technical replicates were used. (B) Decreased proliferation of patient's T cells in
response to mitogens compared to the control and father. (C) Representative flow plots and quantified percentages. (D) Gene expression

of IL4, IL5, IL13, IL22, Amphiregulin (AREG), RORC, FOXP3, CSF2 in skin biopsies of the patient, father and a control. (E) The PBMCs from the
patient, father and control were pretreated with 5 ug/ml ruxolitinib or not treated for 2 h in the serum-free media, then stimulated with IL-2,
IL-7 and IL-15 for 20 min in the presence or absence of ruxolitinib and then, fixed, permeabilized and stained for pSTAT5. For p-values *<.05,

**<.01, ***<.001

IL4, IL5, IL13, CSF2 genes by real-time qPCR (Figure 2D). IL4 ex-
pression was similar across the patient, the father, and the control,
supporting the intracellular cytokine staining results. Additionally,
RORC, FOXP3, IL13, CSF2 expression was comparable between
the patient, father, and the control (Figure 2D). Father, however,
had elevated IL5 expression compared with the patient and the
control. Interestingly, in the patients’ skin biopsies significantly
elevated IL22, and amphiregulin expression were detected. These
results underline a few important points in the management of
the disease: The patient may not benefit from IL-4, IL-5 or IL-13
blockers. The mild case of eczema in the father may benefit from
IL-5 blockers, but other first line therapies are currently sufficient.
Lastly, given the critical role of IL-22 in atopic dermatitis, 1L-22
blockade in the patient may be beneficial in treating her severe
eczema in the patient.9

Due to severe, worsening symptoms unresponsive to standard
treatments, the patient received intravenous immunoglobulin re-
placement therapy and showed significant benefit. For this patient,
due to increased baseline STAT5B activity, treatment with JAK in-
hibitors'® will likely be a good option in future follow-up. Indeed,
pretreatment with ruxolitinib of PBMCs from the patient, father and
controls in vitro was able to reduce STAT5 phosphorylation to vari-
ous degrees (Figure 2E).

In conclusion, our results provide novel information regarding
STAT5B-GOF disease, expand the limited number of patients de-
scribed in this context, and show that a patient with a novel STAT5B
GOF mutation may present with severe atopic dermatitis, neonatal-
onset urticarial rash, hair loss and show a non-malignant phenotype
unlike other phenotypes previously described.?> Further validation
by insertion of the mutation or correction in T cell lines or primary T
cells will shed more light on the definitive role of the p.R217H mu-
tation. STAT5B GOF is a newly identified primary immunodeficiency
with an unknown clinical spectrum. Identifying the molecular cause
of such presentations increases the potential for targeted therapeu-

tic interventions.
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