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Summary

Hyper-IgE syndrome (HIES) refers to a group of primary
immunodeficiencies characterized by severe infections of
the skin and lungs, particularly with Staphylococcus
aureus and fungi, atopy, and significantly elevated serum
IgE, together with various non-immunological manifesta-
tions. This condition may be caused by autosomal domi-
nantly inherited mutations in STAT3, or by autosomal re-
cessively inherited mutations in DOCKS, PGM3, CARD11,
IL6ST, and ZNF341. Here, we describe three patients with
a characteristic infectious history suggesting HIES but
with only moderately elevated serum IgE levels. This led
to delayed diagnosis of disease-causing STAT3 mutations
and autosomal dominant HIES well into adult age. We
briefly review the clinical presentation, pathogenesis, diag-
nosis, and treatment of HIES with special emphasis on
atypical presentations leading to delayed diagnosis.
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Background

Autosomal dominant hyper-IgE syndrome (AD HIES), origi-
nally termed “Job’s syndrome,” was described in 1966 with
“cold” abscesses caused by Staphylococcus aureus as a prom-
inent feature [1]. Other characteristics include atopy/
eczematoid rashes presenting already during the neonatal peri-
od, recurrent sinopulmonary infections, skin abscesses, chronic
mucocutaneous candidiasis (CMC), and eosinophilia, in com-
bination with significantly elevated serum IgE >2000 TU/mL,
and frequently even higher. Infections with various fungal path-
ogens, including Candida albicans, Pneumocystis jirovecii,
histoplasma, and aspergillus, have been evidenced [1-4].
Moreover, there is an extensive list of non-immunological man-
ifestations reported to affect the joints, skeletal, dental, and
vascular systems in AD HIES. Abnormal craniofacial features
include characteristic facial appearance, craniosynostosis, high-
arched palate, and retained childhood dentition. Within the
musculoskeletal system hyperextensibility, scoliosis, osteopo-
rosis, and minimal trauma fractures are observed. More recent-
ly, vascular abnormalities, particularly coronary artery aneu-
risms, were also attributed to AD HIES. Finally, AD HIES
patients are at an increased risk of developing malignancies,
particularly non-Hodgkin lymphoma [1-4].

STAT3 deficiency was identified as the genetic origin of
HIES in 2007, providing improved insight into the pathogenesis
underlying the infectious phenotype, immunological abnormal-
ities, and somatic features of this condition. The immunological
phenotype of HIES includes significantly elevated IgE levels,
eosinophilia, low levels of Th17 cells, and memory B cell lym-
phopenia [1-4]. The basis of the complex immunodeficiency is
a combined effect of impaired signaling downstream of impor-
tant cytokines, such as interleukin (IL)-6, IL-21, IL-10, and
TGF(, and impaired Th17 T cell differentiation and Th17 re-
sponses, particularly affecting immune responses and neutrophil
proliferation and chemotaxis to candida and staphylococci at

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10875-019-00683-8&domain=pdf
http://orcid.org/0000-0002-1853-9704
https://doi.org/10.1007/s10875-019-00683-8
mailto:Trine.mogensen@biomed.au.dk

828

J Clin Immunol (2019) 39:827-831

skin and mucous membranes. As to the origin of the highly
clevated IgE levels characteristic HIES, this feature has been
suggested to reflect a role for STAT3 downstream of IL-21
receptor signaling [1-4]. Beyond AD HIES caused by STAT3
mutations, HIES also exists in an autosomal recessive (AR)
form that may be caused by defects in either dedicator of cyto-
kinesis (DOCK)8, or phosphoglucomutase (PGM)3, although
these present with a somewhat different phenotype, including
a more pronounced tendency towards cutaneous viral infections
and without the somatic phenotype characteristic of AD HIES.
Along this line, heterozygous AD CARD11 deficiency has been
identified as a cause of combined immunodeficiency with bac-
terial and viral infections, severe atopy, elevated IgE, and eosin-
ophilia, with some resemblance to DOCKS deficiency [5, 6]. In
addition, biallelic mutations in /L6ST encoding the GP130 com-
mon receptor subunit downstream of IL-6, IL-11, IL-27, and
oncostatin M have been described to lead to immunodeficiency
with eczema, elevated IgE, defective B cell memory, impairment
in T cell function, and craniosynostosis, and thus with significant
similarities to AD STAT3 HIES [7, 8]. Most recently, deficiency
of ZNF341, a transcription factor that binds to the promoter of
STAT3 in T cells and B cells causing lack of Th17 cells, excess
of Th2 cells, and low memory B cells, has been identified as a
novel genetic etiology of AR HIES [4, 9].

Case Presentation and Investigations

Patient (P)1 is a 57-year-old female of Caucasian (Danish) or-
igin, who suffered from recurrent otitis media and cutaneous
abscesses since childhood, but no eczema and no failure to shed
primary teeth. At age 22, she had a nasal skin graft due to
sequelae after abscesses. At age 31, she was referred to the
Department of Infectious Diseases on suspicion of primary im-
munodeficiency (PID) due to oral candidiasis, recurrent pneu-
monias, and cutaneous abscesses. Serum IgE was 156—-194 TU/
mL (< 150 TU/mL). Serum immunoglobulin levels and hema-
tological parameters, including eosinophil count, were normal.
In addition, lymphocyte subpopulation and stimulation tests,
granulocyte function tests (superoxide production, chemotaxis,
intracellular killing, and CD11/18 expression), and comple-
ment activation, were all within normal ranges. Chest X-ray
showed bronchiectasis, but bronchoscopy was normal. At that
time, HIES was excluded because of the low serum IgE, and
she was misdiagnosed as having isolated furunculosis and
bronchiectasis. At age 56, she was referred for reevaluation
on suspicion of PID. Except from elevated IgA =9.71 g/L
(0.8-4.9 g/L) and IgE of 332 IU/mL (< 115 IU/mL), other
immunological parameters were normal. The patient was noted
to display characteristic coarse facial features (Fig. la).
Although the National Institutes of Health (NIH)-HIES score
was only 27.5, AD HIES was suspected. Whole exome se-
quencing (WES) was performed and revealed a c¢.1406G>A
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(p-Q469R) mutation in STAT3 within the DNA binding do-
main. The variant is not reported in gnomAD); it has a combined
annotation dependent depletion (CADD) score of 27 and was
previously shown to be associated with AD HIES [10-13], thus
confirming the diagnosis. Additional rare variants identified in
P1 and predicted to be potentially disease-causing are listed
Supplementary Table 1.

P2 is a 27-year-old male and the son of P1. As a child, he had
recurrent otitis media, but no eczema. Following varicella at age
four, he was suffering from recurrent facial erysipelas and was
later admitted to hospital with a 5 x 5-cm submandibular abscess
with positive cultures for both S. aureus and hemolytic strepto-
cocci group A. At age six, he was admitted to the pediatric ward
with pneumonia and was screened for PID. The CD4 T cell count
was low (141-517 cells per uL), but he was HIV1/2 and HTLV
VI negative. Serum IgE was in the range of 224-332 IU/mL
(<115 TU/mL). Other hematological parameters, including eosin-
ophil count, serum immunoglobulin level, granulocyte function
tests, and complement activation, were all normal. Due to recur-
rent infections, prophylactic antibiotic (co-trimoxazole) was pre-
scribed. Retention of primary teeth was noted at age seven.
Twenty years later, when his mother, P1, was diagnosed with
AD HIES, he was subsequently called in for genetic testing.
He also had characteristic coarse facial features (Fig. 1b).
Except from low CD4 T cell count of 161 cells per pL, slightly
elevated serum IgE of 160 IU/mL (<115 [U/mL), and serum IgA
of 6.22 g/L (0.8-4.9 g/L), other immunological parameters were
all normal. As expected, Sanger sequencing identified the same
STAT3 mutation (c.1406G>A, p.Q469R) found in his mother.
Chest X-ray (Fig. 1c), HRCT (Fig. 1d, ¢), and PET-CT (Fig.
1f) of lungs were suggestive of aspergilloma in the right lung,
and he was treated with itraconazole. Notably, the NIH-HIES
score at diagnosis was only 21.

P3 is 26-year-old Caucasian male born in Croatia with no
known PID in the family and without eczema or retention of
primary teeth. He had a history of a subdural abscess at the age
oftwo years and a boil in the groin at age fourteen. In his early
20s, he had several admissions to hospital with aortic endo-
carditis and liver abscesses caused by Streptococcus
intermedius, and later sepsis and liver abscesses caused by
Streptococcus anginosus, and finally a perianal abscess.
Screening for PID showed slightly elevated serum IgE of
639-1.082 TU/mL, but normal hematological parameters, se-
rum immunoglobulins, CD4 T cell count, and superoxide pro-
duction. The fraction of isotype switched memory B cells was
slightly reduced. The NIH-HIES score was only 14 and HIES
was therefore initially deemed unlikely. However, WES was
performed and demonstrated a ¢.1780G>A (p.E594K) muta-
tion in STAT3 with a CADD score of 29.3; this variant is also
not present in gnomAD and since none of the parents harbored
this variant, it was concluded to be de novo in the patient. The
STAT3 E594K variant has not been previously published, but
is referenced in ClinVar (variation ID 36789). One additional
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Fig. 1 Patients with Hyper-IgE syndrome without significantly elevated P>
IgE. a P1 and b P2 showing characteristic coarse facial features. ¢ Chest
X-ray, d, e High resolution CT (HRCT), and f PET-CT of the lungs of P2
suggestive of aspergilloma (arrows) in the right lung. g, i Pedigrees of P1—
P3. Black squares represent affected male subjects, white squares repre-
sent unaffected male subjects. Black circles represent affected female
subjects. White open circles represent unaffected female subjects. h, j
Sanger sequencing of the two STAT mutations identified. Red boxes in-
dicate nucleotide change. Predictive effects of STAT3 variants Q469R
(CADD score of 27.5) and E594K (CADD score of 29.3) were deter-
mined by using PolyPhen-2, SIFT, MutationTaster, and CADD software.

rare variant in TYK?2 identified in P3, inherited from the
healthy mother and predicted to be potentially disease-caus-
ing, is listed Supplementary Table 1.

Discussion

Prior to the identification of the genetic etiology of HIES and the
demonstration of the association of AD HIES with STAT3 mu-
tations, the diagnosis was based on clinical and laboratory find-
ings. The NIH-HIES score has been developed and used to
identify patients with HIES [14]. Patients with a score >40 have
a high probability for AD HIES and a score < 20 is considered to
make the diagnosis unlikely. In addition, IgE > 1000 IU/mL and
aweighted score > 30 of five cardinal clinical features have been
used to identify patients. However, as illustrated by the present
cases, this score is not very reliable in excluding HIES. No y/
consistent immunological defects, except from a reduced num-
ber of Th17 cells, have been demonstrated, but highly increased
serum IgE (> 1.000 [U/mL), eczema, and eosinophilia is seen in
most patients with AD HIES [1, 2]. However, previous publi- nd.
cations on HIES have reported the existence of a minority of p1

adult STAT3 HIES patients with normal or only slightly elevat- p.Q469R

ed IgE [15, 16]. Moderately elevated serum IgE is common in

the general population, and a long list of differential diagnoses

for elevated IgE exists. These include among others atopy/asth- P2

ma, parasitic infections, malignant hematological conditions, P-Q465R
and rare PIDs [1, 2]. Moreover, several reports have described

i
that IgE levels in STAT3 HIES tend to diminish with age, which ! Il
may further complicate the diagnosis, if it is delayed into adult- ANLADA ﬂl A “A B
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hood [1, 3, 4]. None of our patients had highly elevated serum
[
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IgE, eczema, nor eosinophilia, and all had an NIH-HIES score

<40, with P3 having a score < 20. This clearly demonstrates that n

serum IgE and lack of eczema cannot be used to exclude AD A

HIES. The cases described here, together with previous reports I MAMAANAAAA m Father

in the literature, therefore illustrate that STAT3 mutations may

cause AD HIES with only slightly elevated IgE, leaving an

important place for genetic testing in the diagnosis of HIES.
Of note, the elevated IgA levels found in P1 and P2 and the

CD4 T cell lymphopenia in P2 are not typical of STAT3 HIES.

The STAT3 Q469R variant has been previously published by

several independent groups. One of these described a 4-year-

old patient diagnosed at 46 months of age with peak serum

p.E594K
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IgE >2000 IU/mL, eosinophilia, boils, CMC, skin abscesses,
pneumonia, characteristic facies, retained primary teeth, and an
NIH score of 46, thus more classically suggestive of STAT3
HIES [10, 11]. Another publication reported the Q469R variant
in a patient with a HIES NIH score > 40, although the specific
IgE levels are not available [12]. Importantly, the STAT3 Q469R
variant was investigated by computer modeling and predicted to
be of structural and functional importance with a predicted
destabilizing effect on the STAT3 molecule (deceased T, and
decreased phosphor-Tyr-STAT?3), although with no specific ev-
idence for a dominant negative effect [17]. The STAT3 E594K
variant has not been previously published and to our knowledge
not functionally tested, and thus, no evidence on the disease-
causing potential of this variant exists. In cases of novel genetic
variants identified in patients with a HIES-like phenotype, it is
preferable to include functional testing of loss-of-function of the
variant and evaluate the impact on cytokine production and
Th17 responses.

Overall, clinicians should be aware that HIES may exist in
patients even with near-normal serum IgE levels. We suggest
that genetic testing for mutations in S7AT3 should be performed
in patients with recurrent infection, particularly staphylococcal
abscesses in the skin and staphylococcal and aspergillus infec-
tions in the lungs, suggestive of AD HIES. With the increased
availability of WES, it may be an effective and rational strategy
to perform WES instead of single gene sequencing, in order to
not miss other genetic etiologies with a possibly less marked or
slightly different presentation, including HIES caused by muta-
tions in DOCKS, PGM3, CARD11, IL6ST or ZNF341 [1-4]. The
heterogeneous infectious, immunological, and somatic pheno-
type, the pleiotropic nature of STAT3, and the different genetic
etiologies affecting different cellular pathways and cell types
have led to the suggestion that the term HIES should be restricted
to refer exclusively to AD HIES due to STAT3 deficiency plus
AR ZNF341 deficiency , indirectly affecting STAT3 biology [4].
The continuous reports and descriptions of atypical presentation
of these PIDs serve to broaden our knowledge and understand-
ing of these intriguing and complex inborn errors of immunity.
Optimally, novel potentially disease-causing STAT3 variants
should be subjected to functional testing. In summary, it should
be remembered that elevated IgE together with a relevant clinical
presentation should alert clinicians and prompt investigation for
HIES or other causes of elevated IgE, keeping in mind that HIES
may exist even in the absence of significantly elevated IgE, since
high IgE levels may, paradoxically, not always be present in
HIES.
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