Intermediate phenotypes in patients with autosomal
dominant hyper-lgE syndrome caused by somatic mosaicism
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Background: Autosomal dominant hyper-IgE syndrome
(AD-HIES) is caused by mutations in signal transducer and
activator of transcription 3 (STAT3). We describe 2 subjects in
whom somatic mosaicism was associated with intermediate
phenotypes.

Objective: Somatic mosaics might shed light on the pathogenesis
of dominant STAT3 mutations and the mechanisms behind the
immunologic and nonimmunologic features of the disease.
Methods: Clinical evaluations were conducted. Mutant STAT3
was amplified from different tissues and sequenced, and the
percentage of mosaicism in various cell types was calculated.
Flow cytometry was performed to determine percentages of
IL-17% cells, IL-22" cells, or both. Suction blisters were induced
in 1 subject, and exudate fluid was analyzed for whether
emigrating neutrophils were STAT3 mutant or wild-type;
neutrophils from peripheral blood were simultaneously
examined.

Results: The 2 subjects with STAT3 somatic mosaicism had
intermediate phenotypes and were found to have preserved
Tyx17 cell compartments and apparently normal CD8 cells.
However, they still had infections, including mucocutaneous
candidiasis. The percentage of STAT3 mutant neutrophils
migrating into blisters at 16 hours was the same as in peripheral
blood, suggesting normal chemotaxis.

Conclusion: STAT3 mosaicism accounts for a milder phenotype
and allows for further investigation into the pathogenesis of
AD-HIES. Despite having a preserved Ty17 cell compartment,
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both subjects with mosaicism had chronic mucocutaneous
candidiasis, suggesting that candidiasis in subjects with
AD-HIES is not driven solely by low Ty17 cell numbers. The
percentage of STAT3 mutant neutrophils emigrating into a
suction blister at 16 hours was the same as the percentage in
peripheral blood, suggesting that early chemotaxis of STAT3
neutrophils is normal in vivo. (J Allergy Clin Immunol
2013;uum;NuN-NEN,)
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syndrome, Job syndrome, signal transducer and activator of tran-
scription 3

Autosomal dominant hyper-IgE syndrome (AD-HIES) is a
rare primary immunodeficiency characterized by increased
serum IgE levels, recurrent staphylococcal skin abscesses,
lung infections with subsequent pneumatocele development,
eczematoid rashes, and connective tissue and skeletal abnor-
malities."? The diagnosis is confirmed by detection of dominant
negative mutations in signal transducer and activator of tran-
scription 3 (STAT3), which account for essentially all published
AD-HIES cases.”

Shortly after detection of mutations in STAT3, it was deter-
mined that these patients have severely impaired production of
IL-17-producing Ty cells (Ty17), leading to abnormal antimicro-
bial peptide upregulation, especially at epithelial surfaces.®'”
This Ty 17 defect was thought to explain the chronic mucocutane-
ous candidiasis (CMC) commonly seen in patients with AD-HIES
and also found in patients with other defects affecting IL-17 pro-
duction and response.'! Recently, other indirect effects on Ty17
cells have been associated with CMC.'? Susceptibility to epithe-
lial Staphylococcus aureus infections might also be affected by
the integrity of the IL-17 pathway."'

Neutrophil chemotactic defects have long been proposed as
contributing to the infectious manifestations of AD-HIES, >
but their demonstration has been inconsistent and controversial."”
Finally, diminished numbers of memory B lymphocytes16 and
T lymphocytes likely contribute to infection susceptibility
through impaired responses to encapsulated bacteria, such as
Streptococcus pneumoniae, and reactivation of varicella zoster
virus,'” respectively.

We describe 2 unrelated men who had multiple children with
classic AD-HIES and STAT3 mutations who had somatic mosai-
cism for the STAT3 mutations found in their offspring. These
somatic mosaic men had intermediate AD-HIES phenotypes.

METHODS

All patients, family members, and control subjects were seen and consented
to institutional review board—approved protocols of the National Institutes of
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Abbreviations used
AD-HIES: Autosomal dominant hyper-IgE syndrome
CMC: Chronic mucocutaneous candidiasis
CT: Computed tomography
Ct: Cycle threshold
HIES: Hyper-IgE syndrome
MRI: Magnetic resonance imaging
NIH: National Institutes of Health
PE: Phycoerythrin
SNP: Single nucleotide polymorphism
STAT3: Signal transducer and activator of transcription 3
WT: Wild-type

Health (NIH). Family J149 was also studied under an approved protocol at the
University of California, San Francisco.

Clinical evaluation
History and physical examinations were performed for all patients, as well
as routine laboratory studies and radiologic imaging.

PCR amplification and sequencing

PBMCs were isolated from whole blood by means of Ficoll-Hypaque
gradient centrifugation and lysed either in STAT60 (Tel-Test, Friendswood,
Tex) followed by RNA isolation or with the PureGene DNA Isolation kit
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cell lysis solution (Qiagen, Valencia, Calif) for DNA extraction. Amplifi-
cation of either full-length cDNA or STAT3 exons 12 to 14 (Family JO17)
or exon 15 (J149) was as previously reported.> Sequencing was performed
with Big Dye Terminators version 3.1 (Applied Biosystems, Foster City,
Calif).

Determination of percentage of mosaicism

Determination of the percentage of mutation-positive cells was performed
as previously reported.'”'® DNA from various cell types was amplified by us-
ing custom genotyping primers/probe sets (Applied Biosystems) that differen-
tially detect the mutant and wild-type (WT) alleles. Calculation of the
percentage of mosaicism was performed by using the AA cycle threshold
(AACt) method (ACt was the difference between mutant and WT Ct values).
DNA from the heterozygous children was used as the normalizer to account
for any difference in probe affinity, as follows:

AACt = ACt(mosaic) — ACt(het).

Because the mutant allele is represented 1 time in each mutant cell and the
WrTallele is represented twice in the normal cells, the AACt value was divided
by 2 as a correction factor. Therefore the final quantitation becomes p-(@Acu)
Results were validated in subject J017.3 by means of cloning and sequencing
of PCR fragments (TOPO TA cloning kit; Invitrogen, Carlsbad, Calif).

Stimulation and intracellular cytokine staining
Viably frozen PBMCs were thawed, washed with PBS, and resuspended
in RPMI 1640 medium supplemented with 10% heat-inactivated FCS
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FIG 1. A, Pedigree of family J017. B, Pedigree of family J149. Open symbols represent unaffected subjects,
whereas solid symbols indicate STAT3 mutation, and striped symbols reflect the mosaic subjects. Small

circles represent miscarriages. The diamond-shaped
in the shape indicates the number of offspring.

symbol indicates sex is unknown, and the number
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TABLE I. The NIH HIES scoring system includes both immunologic and nonimmunologic features of the disease

Family J017 Family J149
Subject J017.3  Subject J017.1 Subject J07.10 Subject J149.4 Subject J149.3 Subject J149.2 Subject J149.1
Characteristics (52 y) (28 y) (15 y) (34y) (11y) (9y) (2y)
IgE (IU/mL) 10 (2,100) 10 (69,760) 10 (20,900) 10 (4,828) 10 (21,664) 10 (29,448) 10 (16,180)
Other infections 4 (hepatitis C) 4 (Pneumocystis 0 0 0 0 0
Jirovecii)
Eosinophilia 3 (745) 6 (1,140) 6 (2,309) 0 (140) 6 (1,200) 6 (1,300) 6 (1,560)
(eosinophils/pL)
Boils 8 8 0 8 8 8 8
Eczema 4 4 4 1 4 4 4
Candidiasis 2 1 1 2 2 2 0
Newborn rash 0 4 4 0 4 4 4
Sinusitis/otitis 0 4 4 4 4 4 4
Pneumonia 8 8 8 6 4 2 0
Parenchymal lung 0 0 8 6 0 0 0
findings
Retained primary 0 8 8 0 4 4 0
teeth
Scoliosis 2 (12°) 2 (139 0 2 (13°) 0 2 (12°) 0
Fractures 0 4 4 0 4 8 8
Hyperextensibility 0 4 4 NE 4 4 NE
Characteristic facies 0 5 2 0 0 0 0
Palate abnormalities 0 2 2 0 NE NE NE
Nasal width 0 3 1 NE NE NE NE
Congenital anomalies 0 5 (hypoplastic 0 5 (3rd finger 5 (partial 0 0
and fixed Ist bilaterally with PIP craniosynostosis)
and 2nd rib) flexion deformity)
Add on for young age 0 0 0 0 0 0 B
Total score 41 82 66 44 59 66 47

Both mosaic subjects’ clinical characteristics are shown in the table, along with those of their affected children, with total scores in the bottom row.

NE, Not evaluated; PIP, proximal interphalangeal joints.

*Age points are assigned to children less than 5 years of age to compensate for clinical features too early to be seen. The point range is as follows: 7 points for children less than
1 year of age, 5 points for children 1 to 2 years of age, and 3 points for children 2 to 5 years of age.
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FIG 2. Members of family J017: subject J0O17.3 along with his 2 affected children, subjects J017.1 and
J07.10. The classic AD-HIES facial features (broad nose, prominent brow, and facial asymmetry) are present

in the children but absent in the father.

(Gemini Bio-Products, West Sacramento, Calif), 100 U/mL penicillin G, 100
pg/mL streptomycin, and 29.2 pg/mL L-glutamine (Life Technologies,
Carlsbad, Calif). Cells were stimulated with 20 ng/mL phorbol
12-myristate 13-acetate and 1 wmol/L ionomycin (Calbiochem, San Diego,
Calif) for 16 hours at 37°C in brefeldin A (Sigma, St Louis, Mo). Cells were
stained with Live/Dead Fixable Aqua viability dye (Invitrogen) and then
fixed with 4% paraformaldehyde and permeabilized with a saponin-based

buffer.'® The following surface and intracellular markers were used for stain-
ing: CD3 Quantum-dot 705 (Invitrogen), CD4 phycoerythrin (PE) Cy7, CDS8
allophycocyanin H7, IFN-y fluorescein isothiocyanate (all from BD Biosci-
ences, San Jose, Calif), CD27 PE-Cy5, CD45RO Texas Red PE (TRPE; both
from Beckman Coulter, Fullerton, Calif), IL-22 allophycocyanin (R&D Sys-
tems, Minneapolis, Minn), and IL-17 Alexa Fluor 647 (eBioscience, San
Diego, Calif).
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FIG 3. Family J017: STAT3 sequence for a control subject, subject J017.10, and subject J017.3. A, cDNA se-
quencing (c.1145 G>A). The control shows only the G allele in the boxed region. Subject J017.10 demon-
strates 2 alleles with WT and mutant bases at similar heights, roughly half the height of the control
subject. Subject J017.3 has decreased WT 1145G compared with control values and a small 1145G>A
peak seen near the baseline. The arrow points to the mutant green A peak. B, Genomic DNA sequencing.
The common C/G SNP found within intron 13 shows 2 separate and equally abundant alleles in subject
J017.3, whereas only the G allele is seen in the control subject.
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FIG 4. Family J149: STAT3 cDNA sequencing. The ¢.1309C>T sequence for
the healthy son and subjects J149.1, J149.2, J149.3, and J149.4 is shown.
The STAT3 ¢.1309C>T mutation is absent in the healthy son (homozygous
C) but easily appreciated in the heterozygous affected sons J149.1, J149.2,
and J149.3 (heterozygous C and T). Subject J149.4 has a diminished WT
1309C allele compared with the control subject and a small 1309T peak
near the baseline. The arrow is pointing to the mutant red T peak.

Flow cytometry

Flow cytometry was performed as previously reported.'” Events were col-
lected on an LSR Fortessa with Diva 6.1.3 software (BD Biosciences) and
analyzed with FlowJo 9.4 software (TreeStar, Ashland, Ore). All plots were
gated on singlet lymphocytes that were Aqua negative (live). All values
used for analyzing proportionate responses were background subtracted.

Blister chamber technique (family J017)
Suction blisters were induced on the forearms of subject J017.3, essentially
as previously described.’® After removal of the blister roof, the wound was

bathed in 70% autologous heat-treated serum for 16 hours before collection
of exudates. Emigrating neutrophils were studied to determine mutant and
WT neutrophil percentages.

RESULTS
Case reports

Subject J017.3 (Fig 1, A). A 52-year-old white man had
pustular dermatitis as an infant, followed by eczematous derma-
titis and recurrent skin boils from age 7 to 20 years. He also
had recurrent pneumonias from age 9 months to 15 years, requir-
ing chest tube placement on 1 occasion. Chronic onychomycosis
was treated on several occasions with oral antifungal agents. Oral
candidiasis was diagnosed by means of culture. His main com-
plaint as an adult was dysphagia, with esophageal food impaction
on several occasions requiring the Heimlich maneuver. He had
hypertension and chronic hepatitis C, the latter of which had
been unsuccessfully treated with IFN-a and ribavirin. Clinical
features are outlined in Table I.

Laboratory and imaging studies obtained in adulthood showed
protective antibody titers after S pneumoniae, Haemophilus influen-
zae, tetanus, and diphtheria vaccinations. Lymphocyte phenotyping
showed normal numbers of circulating B cells (209 CD20™" cells)
and T cells (2043 CD3* cells), both memory and naive cells, includ-
ing normal numbers of central (CD27"CD45"RO™) and effector
(CD27~CD45 RO ™) memory T cells, as previously described.'”
Chest computed tomography (CT) showed a calcified nodule but no
pneumatoceles or bronchiectasis. Brain magnetic resonance imag-
ing (MRI) showed no T2-weighted focal hyperintensities or Chiari
I malformation. Heart CT showed dilation of the left anterior de-
scending coronary artery, minimal right coronary artery tortuosity,
and mild noncalcified atheromatous plaque. Bone mineral density
of the lumbar spine was low (T score = —1.3), with normal bone
density of the hip and radius. Upper gastrointestinal endoscopy re-
vealed grade 1 esophageal varices, ulcerations of the gastroesopha-
geal junction, portal hypertensive gastropathy, and esophageal
dysmotility, resulting in a trachealized appearance of the esophagus.

He has 4 children (Fig 1, A), 2 of whom have AD-HIES (sub-
jects JO17.1 and JO17.10), with STAT3 mutation c.1145G>A re-
sulting in p.R382Q. Using the published hyper-IgE syndrome
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FIG 5. Family J017. Genomic DNA sequences for subject J017.3 in T cells, natural killer cells, monocytes,

B cells, eosinophils, and neutrophils all have a mosai
SNP at c.1233+44C>G.
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were amplified and sequenced from J017.4 exons 12
WT peak. DNA from the stomach biopsy specimen

showed heterozygosity for the mutation. B, Oral, circulating, and migrating blister neutrophils contain mu-

tant peaks at similar heights. The chromatograms su
sorted circulating neutrophils and migrating blister
also demonstrates a mosaic pattern.

(HIES) clinical scoring system that combines immunologic/in-
fectious disease and nonimmunologic components of hyper-IgE
syndrome (HIES), his score was 41, with a score of greater than
40 consistent with HIES (Table I). In contrast, his 2 affected chil-
dren had significantly more features reflected by scores of 82 for
subject JO17.1 and 66 for subject JO17.10. Fig 2 demonstrates the
classic AD-HIES facial features (increased interalar distance,
prominent forehead, facial asymmetry, and coarse skin) affecting
subjects JO17.1 and JO17.10, whereas subject JO17.3 is noticeably
without such features.

ggest that the percentage of mosaicism is similar in
neutrophils. The mouthwash sample (neutrophils)

Family J149, subject 4 (J149.4; Fig 1, B). A 34-year-old
Hispanic man had recurrent skin boils requiring incision and
drainage, yearly bronchitis, recurrent sinusitis, and 3 pneumonias
over his lifetime. He had chronic tinea pedis and onychomycosis.
Clinical features are outlined in Table I.

Additional laboratory studies obtained in adulthood included
protective titers (>1.3 —g/mL) against S pneumoniae for 10 of 23
serotypes, as well as protective titers for H influenzae, tetanus,
and diphtheria. Lymphocyte phenotype showed normal numbers
of circulating B cells (222 CD20™ cells), memory B cells (32
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FIG 7. TagMan real-time PCR demonstrating the percentage of mutant cells
for isolated lineages of subject J149.4. Calculating the percentage of cells
with the mutant allele yielded 52% mosaicism in whole blood, 51% in
T cells, 63% in B cells, 53% in natural killer (NK) cells, 55% in monocytes,
50% in granulocytes, and 60% in buccal DNA.

CD20*CD27" cells), and T cells (2136 CD3™ cells), both memory
(789 CD4"CD45 RO ™ cells; 107 CD8 "CD45"RO™ cells) and
naive (229 CD4*CD45 RA™ cells; 458 CD8"CD45"RA™ cells).

Brain MRI showed maxillary sinus hypoplasia with sinusitis
and septal deviation but without brain T2 hyperintensities or
Chiari I malformation. A dual-energy x-ray absorptiometry scan
did not find osteopenia or osteoporosis. Chest CT showed right
lung bronchiectasis. Heart MRI showed mild tortuosity of the
right coronary artery without significant dilation.

He has 4 sons, 3 of whom have typical features of AD-HIES;
subjects J149.1, J149.2, and J149.3 were positive for STAT3
¢.1309C>T, causing H439Y. His HIES clinical scoring system
score was 44. The HIES score for the youngest son, subject
J149.1, was 47, and the older 2 sons, subjects J149.2 and
J149.3, had scores of 66 and 59, respectively.

Mosaicism detection (family J017)

Amplification and sequencing of the full-length STAT3 cDNA
demonstrated a heterozygous G-A transition at c.1145 in subjects
JO17.1 and J017.10, resulting in R382Q, a recognized hotspot.™
The tracings clearly show 2 distinct alleles of equal height in sub-
ject JO17.10. In contrast, subject JO17.3 had a decreased WT G
peak height with a small mutant A peak not seen in the control
sequence. These tracings suggested that in subject JO17.3 a por-
tion of his cells were WT, as well as a small fraction containing
the family c.1145G>A mutation (Fig 3, A).

A single nucleotide polymorphism (SNP) within the amplicon
was used to confirm the mosaicism of subject JO17.3 and the
presence of 3 alleles (2 WT and 1 mutant). Subjects J017.10 and
JO17.3 have a common SNP (c.1233+44G>C) in intron 13, 132
bases 3’ from the mutation. Subject JO17.3 is heterozygous, with
equal peak heights for the SNP indicating equally expressed
heterozygous alleles, whereas subject JO17.10 is homozygous G
for the SNP (Fig 3, B). The amplicon was cloned, and individual col-
onies were sequenced. There were 3 species of clones present from
the blood of subject JO17.3. The first, c.1145G(wt) ¢.1233+44C, is
the WT allele, and the second and third clones are from the second

J ALLERGY CLIN IMMUNOL
mmm 2013

allele, c.1145G(wt) c¢.1233+44G without the mutation and
c.1145A(mut) ¢.1233+44G, which the affected children inherited.

The sequence tracings and clones confirm that subject JO17.3
has 3 alleles present in his PBMCs.

Mosaic detection (family J149)

Amplification and sequencing of genomic STAT3 demonstrated
heterozygous c.1309C>T in the 3 affected sons of subject J149.4,
resulting in p.H437Y (Fig 4). The mutant peak is significantly
smaller in the tracing from subject J149.4.

Determination of percentage of mosaicism

Subject J017.3. Analysis of real-time PCR probes specific to
either mutant or WT alleles allowed us to determine the relative
abundance of each allele within subject J017.3’s PBMCs.
Adjusting for the presence of 2 WT alleles in his normal cells,
the percentage of mosaicism was calculated to be 33%. This was
in accord with individual clones isolated from his PBMCs, in
which 5 of 30 clones were mutation positive. Expecting one half
of all clones from mutant cells to be WT, the 5 mutant clones
detected represent 33% mosaicism within the PBMCs. Examin-
ing clones from granulocytes only, we obtained 6 mutant clones of
36 total, again representing 33% mosaicism.

The hematopoietic lineages examined (neutrophils, T cells,
natural killer cells, and monocytes) all appeared to have similar
levels of mosaicism (Fig 5). Two EBV-transformed B-cell lines
made several years apart both showed mosaicism for STAT3
mutation, even after more than 3 months in active culture (data
not shown).

We then examined nonhematopoietic tissues to determine their
extent of mosaicism. DNA amplified from upper-arm fibroblasts
showed only the WT peak at c.1145 (Fig 6, A). DNA isolated from
hair follicles showed the mutated allele in a mosaic pattern. A gastric
biopsy specimen selected from a region without overt inflammation
showed the mutant allele to be fully heterozygous. A benign rectal
polyp biopsied during routine colonoscopy had a mosaic pattern.
Lastly, DNA extracted from a mouthwash sample, which is typically
composed predominantly of neutrophils, was mosaic (Fig 6, B),
which is similar to the other hematopoietic cells.”!

Subject J149.4. Allele-specific TagMan analysis was per-
formed to quantitate the percentage of mosaicism in subject
J149.4 (Fig 7). An affected son (first column) showed heterozy-
gosity with equal levels of both alleles. DNA from subject
J149.4°s whole blood, sorted cells, and buccal DNA demonstrated
reduced allele presence for the mutant ¢.1309T allele compared
with the ¢.1309C WT allele.

Tn17 cell analysis

Flow cytometry was performed on PBMCs from healthy
control subjects, subject JO17.3, subject J149.3, subject J149.2,
and subject J149.4 (Fig 8, A). Subject JO17.3 had 1.35% total
CD4"IL-17" cells similar to subject J149.4, who had 2.35%,
whereas healthy control subjects had a mean of 1.98% (n = 6).
Two heterozygous children, subjects J149.3 and J149.2, had sig-
nificantly fewer CD4"IL-17" cells with 0.409% and 0.312,
respectively. Similar results were found for CD4IL-22" cells
in healthy control subjects (n = 5), subject JO17.3, and subject
J149.4 (1.46%, 1.62%, and 0.906%, respectively), although the
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FIG 8. A, IL-17- and IL-22-producing cells from patients and control subjects. CD3"CD4"IL-17" and
CD3*CD4"IL-22" cell percentages for control subjects and subjects J017.3, J149.3, J149.2, and J149.4 after
stimulation with phorbol 12-myristate 13-acetate/ionomycin. The 2 mosaic subjects (subjects J017.3 and
J149.4) have IL-17" and IL-22" cell numbers in the normal range, whereas cell numbers in the heterozygous
children (subjects J149.3 and J149.2) are greatly diminished. B, Mean fluorescence intensity (MFI) in the
control subject and the 2 mosaic subjects (subjects J017.3 and J149.4).

2 heterozygous children, subjects J149.3 and J149.2, had very few
CD47IL-22" cells (0.075% and 0.097%, respectively). Mean flu-
orescence intensity data for CD4IL-17" cells in a control sub-
ject, subject JO17.3, and subject J149.4 (Fig 8, B) showed no
difference in intensity (16685, 16373, and 17065, respectively).

Blister analysis (subject J017.3)

Sorted, circulating, and migrating blister neutrophils contained
similar levels of the mutant peak, suggesting that there was no
preferential migration of normal or mutant neutrophils into
inflamed skin at 16 hours of inflammation (Fig 6, B).

DISCUSSION

We identified 2 men with somatic mosaicism for STAT3 muta-
tion, both of whom were fathers of children with inherited AD-
HIES. Both mosaic subjects, subjects J107.3 and J149.4, showed
immunologic manifestations of the disease, although milder than
those typically seen in fully affected patients at their ages. Although
an HIES score of greater than 40 is consistent with this disease, the
average AD-HIES score for patients followed at the NIH who are
over 34 years is 76 (range, 58-100; n = 22), demonstrating that
age-matched heterozygous subjects have a more severe phenotype
than these 2 mosaic men, whose scores were in the low 40s.

Patients with AD-HIES have impaired Ty 17 cell differentiation,
which is hypothesized to underlie their susceptibility to CMC and
potentially their staphylococcal epithelial infections. Ty17 lym-
phocytes are responsible for secretion of the proinflammatory

cytokines IL-17 and IL-22, which upregulate antimicrobial pep-
tides.%?%%3 T17 cells and their associated cytokines might also
play arole in epithelial defense against S aureus.** Surprisingly,
both our mosaic subjects had normal Ty 17 cell numbers, which has
also been reported in another STAT3 mosaic subject®® but still had
mucocutaneous fungal infections. Non—T-cell factors might be re-
sponsible for CMC in these mosaic subjects, including abnormal
responses in STAT3 mutant epithelial cells. This unexpected but ro-
bust observation seen in these 2 subjects suggests that the lack of
Ty17 cells in patients with AD-HIES is not sufficient as the sole
cause for CMC in patients with AD-HIES. Therefore the resolu-
tion of CMC in subjects with STAT3 mutations who have under-
gone bone marrow transplantation might reflect hematopoietic
components beyond the normalization of Ty;17 cells.?’

Both subjects with mosaicism experienced recurrent boils and
pneumonias, suggesting that Tyy17 cells do not explain the suscep-
tibility to S aureus epithelial infections. Memory lymphocytes
were preserved in both subjects, which might explain their protec-
tive antibody titers to vaccines, which are often variable in
patients with AD-HIES.

On the basis of this blister study, we found no evidence for
impaired early migration of STAT3-mutated neutrophils from the
circulation into a site of inflammation, suggesting that there is not
a clinically significant impairment of chemotaxis, at least in the
subject studied at the time point examined.

Many of the somatic manifestations of AD-HIES are thought to
be secondary to impaired tissue remodeling and healing. For
instance, lung tissues heal abnormally after pneumonias, leading
to pneumatoceles; skin becomes progressively coarse, leading to
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some of the distinct appearance; and the vascular aneurysms are
similar to other disorders of impaired remodeling.28 The lack of
bronchiectasis or pneumatocele formation in subject JO17.3
might have been due to the limited number of pneumonias he
had compared with other patients with AD-HIES or to preserved
tissue remodeling. His coronary artery involvement was mild
compared with that of fully mutant patients of his age. One of
his most marked manifestations is dysphagia, which is reported
frequently in patients with AD-HIES and is often associated
with eosinophilic esophageal infiltration.”” The degree of mosai-
cism was most fully heterozygous on the stomach biopsy speci-
men, which is consistent with the idea that the involved
endoderm might play a role in his dysmotility. The lack of char-
acteristic delayed primary tooth deciduation in both mosaic sub-
jects suggests adequate STAT3 signaling by IL-11.%°

Somatic mosaic mutations pose a challenge for both clinical
and molecular diagnosis. Mosaic phenotypes can have incom-
plete syndromic features, leading to their being overlooked and
thus underreported. Molecularly, the small buried chromato-
graphic peaks are typically not recognized by automated software
and require an experienced reader with knowledge of the clinical
phenotype. Mosaic subjects with STAT3 mutations and HIES
might account for some presentations of incomplete phenotypes
of STAT3 deficiency.

Key messages

e Somatic mosaicism can lead to a mild, incomplete pheno-
type of AD-HIES, which may not be clinically recognized.

e The lack of Ty17 cells in AD-HIES may not fully explain
the susceptibility to mucocutaneous candidiasis and
staphylococcal infections.

o STAT3 mutated neutrophils migrate normally to an in-
duced site of skin inflammation.
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