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Hyper-IgE syndrome: dental implications

Luca Esposito, MD, DDS,* Laura Poletti, DDS,? Cinzia Maspero, MD, DDS,* Alessandro Porro,°
Maria Cristina Pietrogrande, MD.¢ Paola Pavesi, MD,® Rosa Maria Dellepiane, MD,* and

Giampietro Farronato, MD, DDS,! Milan, Italy
UNIVERSITY OF MILAN

Hyper-IgE syndrome (HIES) is a rare multisystem disorder with both immunologic and nonimmunological features. It
is characterized by extremely elevated IgE serum levels, eczema, and recurrent skin and pulmonary infections. Dental
anomalies are often included, such as retention of deciduous teeth together with ectopic eruption or noneruption of
permanent teeth. Severe susceptibility to caries and mycotic infections, insufficient transversal diameter of the palate, mucosal
plaques, and fissures typically located on the tongue and on the palate are often present. The aim of this study was to review
the literature and to report a 6-year observation of 6 patients with HIES (aged 8-39 years) with focus on their oral problems
and the treatment provided. The importance of the role of the dentist both in early diagnosis of this syndrome and in
monitoring oral conditions was stressed. The dentist can prevent infective complications and intercept the development of
malocclusion with a reduction of the need for complex treatment. (Oral Surg Oral Med Oral Pathol Oral Radiol 2012;114:

147-153)

The hyper-IgE syndrome (HIES) is a rare form of
immunodeficiency that was first observed by Davis et
al." in 1966. They reported 2 sisters showing serious
eczema, sinopulmonary infections, and Staphylococcus
aureus—related cold abscesses (characterized by slow
development and little inflammation). They called it
Job’s syndrome, because the pain and the sores re-
minded them of that biblical character (Job 2:7). In
1972, Buckley et al.” described a similar case history in
2 boys with elevated immunoglobulin E (IgE) levels
and called it Buckley’s syndrome. The detection of
high IgE level and neutrophil chemotaxis deficit in all
4 patients revealed the existence of a syndrome, re-
named hyper-IgE syndrome.® HIES is now recognized
as a multisystemic disorder with both immunologic and
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nonimmunologic features. It is characterized by the
clinical triad of high serum levels of IgE (>2000 IU/
mL), eczema, and recurrent staphylococcal skin and
lung infections. Osteopenia, minimal trauma fractures,
scoliosis, central nervous system abnormalities, arterial
aneurysms, characteristic facial appearance, and dental
anomalies, such as retention of primary dentition and
alterations of oral mucosa and gingiva are common
features.” The dental clinical history of 6 patients with
HIES is reported as they consulted the Paediatric and
Orthodontic Departments at the IRCCS Ca Granda
Policlinical Hospital (University of Milan) from Janu-
ary 2004 to December 2010.

ETIOLOGY AND PATHOGENESIS

HIES is a rare syndrome (incidence <10~°), with no
difference for gender and race.”® Although it was first
identified in 2 girls with red hair, this is not a common
ﬁnding.7 HIES is a genetic disease, as recent studies
have confirmed. Two autosomal forms have been de-
scribed: a dominant one (AD-HIES) and a recessive
one (AR-HIES).

The pathophysiology of the disease has not been
completely understood; however, the clinical pheno-
type of HIES is one of both excessive and inadequate
inflammation. Missense or in-frame deletions in the
SH2 and DNA binding domains in the STAT3 gene
(Signal Transducer and Activator of Transcription 3)
were identified as the etiology for most AD-HIES. The
STATS3 gene is a downstream effector of the T helper
17 (Th17)-inductive cytokines, including interleukin
(IL)-6, IL-12, and IL-23, and is essential for differen-
tiation of Th17 cells, which are important in eliminat-
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ing extracellular fungi and bacteria through the produc-
tion of cytokines, such as IL-17 and IL-22. The
mutation could trigger poor activation of the Th17 cells
and subsequent defective inflammatory reaction against
the pathogens.®® The AR-HIES form (which shows
partly different clinical features) is probably ascribable
to either a mutation of the TYK2 gene (Tyrosine Kinase
2), or the DOCKS8 gene (Dedicator of Cytokinesis 8).
Combined B- and T-cell immunodeficiency is reported
in DOCKS8 mutations, whereas impaired Th17 function,
owing to the defective signal transduction for multiple
cytokines, is associated with TYK2 deficiency.'’ There
are still several patients with the HIES phenotype in
which the underlying defect is unknown, however.

CLINICAL AND IMMUNOLOGIC FEATURES
OF THE DISEASE
HIES is characterized by a triad of eczema, recurrent
skin and lung infections, and excessively elevated
serum IgE levels. The HIES carriers show a very
pruriginous eczematous dermatitis from birth, fre-
quently associated with skin lichenification. Staphy-
lococcus aureus often superinfects the lesions. It
may reach subcutis and the nearby lymph nodes and
develop cold abscesses, which may require surgical
drainage and parenteral antibiotic treatment. Recur-
rent infections of the upper and lower respiratory tract
may be manifest from a very early age. Staphylococcus
aureus and Haemophilus influenzae are the most com-
mon pathogens of acute pneumonia. If a proper therapy
is not promptly administered, it may worsen to pneu-
matocele and develop chronic bronchopathy with bron-
chiectasis. Patients with HIES are especially prone to
chronic mycological infections. The classic targets are
the mucous membrane of the oral cavity and the nails,
but deep-seated infections could also occur. Autoim-
mune disorders and tumors seem more frequent than
usual. High levels of serum IgE (as high as 100,000
IU/mL) are a standard feature. Neutrophilic chemotaxis
deficit may account for recurrent infections. Immunologic
research is focused on the balance between Thl1/Th2,
because a prevalent Th2 response or a weak Th1 response
could be responsible for increased production of IL-4,
IL-10, and IL-13, which induce a greater production of
IgEs. A minor interferon-y presence could pave the way
for Staphylococcus aureus and Candida albicans infec-
tions.”®

The AD- and AR-HIES forms share these common
features, but they differ in many others. AD-HIES is
now recognized as a multisystem disorder with various
connective tissue, skeletal, and vascular abnormalities.
The clinical phenotype of HIES is overall similar be-
tween DNA binding and SH2 domain mutations in
STAT3."! Patients with AD-HIES have a typical facies,
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with bulging forehead, deep-set eyes, prominent and
broad nose, swollen lower lip, and thick nasal and
auricular skin. Osteoarticular damage may be present in
the form of osteoporosis, with spontaneous fractures,
scoliosis, articular hyperextensions, and cranial synos-
tosis. Oral anomalies with failure of deciduous teeth
exfoliation are common. Dilatation of the coronary
artery, aneurysms, and convolutions are common in
adults with AD-HIES, but are usually asymptomatic.
Many of these characteristic findings accumulate with
age. As compared with the AD-HIES form, the AR
form (first reported by Renner et al. in 2004'?) lacks the
somatic features, such as the typical facies, scoliosis,
and dental alterations. Patients with AD-HIES often
have a much higher rate of cutaneous viral infections
such as Molluscum contagiosum, Herpes simplex, and
Varicella, and although pneumonias occur, pneumato-
celes do not form. Moreover, they have frequent neu-
rological complications, ranging from facial paralysis
to hemiplegia, which are often fatal in childhood.®'*'*

DENTAL IMPLICATIONS

In 1999, an extensive survey by Grimbacher et al.'’
revealed that 72% of patients with HIES who were
older than 8 years showed retention of the deciduous
teeth, noneruption of the permanent teeth, or double
dentition (i.e., 1 row of deciduous teeth, 1 row of
permanent teeth). The permanent teeth are usually ra-
diographically visible and their development is age
consistent. The HIES induces a delayed eruption, but it
does not affect the development of the permanent den-
tition. The delayed eruption appears to be a result of
nonexfoliation of the deciduous teeth and not because
of delayed eruption of the permanent teeth. This may be
because of a lack of stimulation of the resorption pro-
cess of the deciduous roots. If the deciduous teeth are
removed before the teenage years, however, the perma-
nent teeth grow properly.'® Retention of deciduous
teeth can be seen only among the patients with AD-
HIES. Among patients with AR-HIES, the tooth-erup-
tion pattern and timing occur normally; their only oral
anomaly is an unusual rate of severe cavities. As a
result, they often need premature extractions. A double
row of teeth prevents proper oral hygiene and favors
gingivitis and dental decay. Patients with HIES show
alteration in facial growth. They have a peculiar facies,
easily spotted at 16 years. Grimbacher et al.’s research
revealed a high, arched palate in 71% of the subjects, a
cleft lip and palate in 1 patient, and midline sagittal
clefts in the middle third of the tongue in 2 patients.'”
Oral superinfections of the mucous membrane (usually
mycotic) result in lesions, erythema, and atrophy.”*



Table I. The scoring system by Grimbacher et al.'” used to screen HIES in our 6 patients

Points
Clinical findings 0 1 2 3 4 5 6 7 8 10
Highest serum immunoglobulin E <200 200-500 501-1000 1001-2000 >2000
level (IU/mL)
Skin abscesses None 1-2 3-4 >4
Pneumonia (episodes over lifetime) None 1 2 3 >3
Parenchymal lung anomalies Absent Bronchiectasis Pneumatocele
Retained primary teeth None 1 2 3 >3
Scoliosis, maximum curvature <10° 10-14° 15-20° >20°
Fractures with minor trauma None 1-2 >2
Highest eosinophil count (cells/nL) <700 >700-800 >800
Characteristic face Absent Mildly present Present
Midline anomaly Absent Present
Newborn rash Absent Present
Eczema (worst stage) Absent Mild Moderate Severe
Upper respiratory infections per 1-2 3 4-6 >6
year
Candidiasis None Oral Fingernails Systemic
Other serious infections None Severe
Fatal infection Absent Present
Hyperextensibility Absent Present
Lymphoma Absent Present
Increased nasal width <1SD 1-2 SD >2SD
High palate Absent Present
Young-age correction >S5y 2-5y 12y =ly

<15 points: patient not affected; 15 to 39 points: possible diagnosis; 40 to 59 points: probable diagnosis; =60 points definitive diagnosis.
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DIAGNOSIS

The diagnosis of HIES is difficult because there are no
simple laboratory tests that confirm the disease. In
1999, Grimbacher et al.'>'” examined 30 patients with
HIES and 70 of their relatives from all over the world.
From this analysis, he developed a useful scoring sys-
tem and a point scale to spot the suspect sufferers based
on clinical and laboratory findings (NIH-HIES). In-
versely age-dependent points were assigned to individ-
uals younger than 5 years to avoid false-negative scores
in children. In fact, some of the clinical findings, such
as scoliosis, the characteristic facies, and retained pri-
mary teeth, cannot be ascertained in children younger
than 8 years and may first appear during adolescence
(Table I). In 2010, the analysis of 100 unrelated patients
with suspected HIES led to the development of a new
scoring system based on 17 of the features used in the
original scoring method, the recently reported labora-
tory feature of a very low Th17 CD4™ cell count, and
the genetic diagnosis.®

TREATMENT

Treatment is based on prophylactic antimicrobials (an-
tibiotics to prevent pneumonia and cutaneous ab-
scesses, antifungals to prevent mucocutaneous candidi-
asis) and topical therapies (e.g., bleach baths) for
eczema. Immunomodulatory agents have been used
with varying success. Intravenous immunoglobulin has
led to anecdotal improvement in some individuals.
Bone marrow transplantation has been performed but it
is likely not to be fully corrective.'?

In our survey, we report on 6 patients affected by
HIES who were diagnosed at the Paediatric Department
at the IRCCS Ca Granda Policlinical Hospital (Univer-
sity of Milan). We describe the clinical features of these
patients with emphasis on the oral implications and the
treatment provided.

SURVEY DESCRIPTION

We followed 6 patients (3 males and 3 females). The
average age at the first examination was 9.3 years (range
1-25 years). The age at which HIES was diagnosed was 2
to 12 years. The follow-up was on the average of 15 years
(range 4-22 years). At the last examination, the average
age was 23.3 years (range 9-39 years). Every patient was
thoroughly and repeatedly examined and has undergone
immunologic and genetic tests (the latter at the Royal Free
Hospital’s Department of Immunology in London). The
oral evaluation was carried out in the orthodontic depart-
ment of the Dental Clinic at the University of Milan from
January 2004 to December 2010. The preliminary re-
search included

1. intraoral examination
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Table II. Main features of the 6 cases

Case Case Case Case Case Case

Patients 1 2 3 4 5 6
IgE >2000 UI/mL + —+ + + + +
Eosinophilia + + + + + +
Skin abscesses + + + + + -
Recurrent respiratory + + + + + +
infections
Pneumatoceles + + — + +
Eczema + + + + + +
Mucocutaneous + + + + +
candidiasis
Retained primary + + + + + +
teeth
Typical facies + + + + + +
STAT3 mutation + + + + + ND
Age, y 39 12 8 25 16 9
NIH-HIES score 68 58 63 76 65 32

HIES, Hyper-IgE Syndrome; /g, immunoglobulin; ND, not deter-
mined; STAT3, Signal Transducer and Activator of Transcript-
ion 3; NIH, National Institutes of Health; +, presence of the
feature; —, absence of the feature.

2. panoramic film, lateral and frontal cephalometric
tracings

3. periodontal examination (plaque index, bleeding in-
dex, decayed/missing/filled teeth)

4. photographic recording

The orthodontic department provided the patients with
HIES with long-term medical care to monitor their
dentofacial growth and development and to provide
early treatment of their complications. Therefore, we
established the following:

1. follow-up of oral hygiene and gum conditions

2. monitoring and treatment of the cavities

3. extraction of the deciduous teeth at the correct time
of exfoliation

4. treatment of oral mucous membrane superinfections
with antimycotic-antibiotic drugs

5. orthodontic/orthopedic treatment (if necessary)

RESULTS AND DISCUSSION

The main clinical, immunologic, and genetic features of
the 6 patients are reported in Table II. Peripheral eo-
sinophilia was always evident, and the IgE levels
ranged from 9.3 to 90.7 IU/mL. All the patients had a
typical coarse-featured face, which was more pro-
nounced according to the age (Figure 1). They had all
been affected since age 1 year by eczema, in some
cases severe and cure resistant (Figure 2). All patients
were also affected by recurrent respiratory diseases,
and 4 of them developed pneumatoceles. Five of them
developed typical cutaneous cold abscesses, both su-
perficial and deep. STAT3 mutation was present in 5
patients: we are still testing the sixth case. Four of 6
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Fig. 1. The typical HIES facies of our 6 cases.

Fig. 2. Chronic eczematous dermatitis in case 5.

sufferers scored more than 60 on the scoring system by
Grimbacher et al."” (Table I).

Many authors reported that oral implications in HIES
include anomalies in the change from primary to
permanent dentition and in facial skeletal growth,
and a severe susceptibility to oral infections. Our
survey confirms the delayed eruption of permanent
teeth with primary predecessors as a feature of AD-
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HIES. The correlation between dental age and
chronologic age of the patients and the normal erup-
tion time of teeth without predecessors (all the pri-
mary teeth and the permanent molars) suggests that
this defect is because of a failure of primary teeth
exfoliation and not to a delayed eruption of the
permanent teeth (Figure 3). The retention of the
deciduous teeth acts as a “mechanical barrier.” In
fact, in 5 of 6 cases the extraction of many primary
teeth was necessary to allow the eruption of the
permanent teeth. The underlying mechanisms of this
phenomenon remain to be confirmed. O’Connell et
al.'® observed the persistence of Hertwig’s epithelial
root sheath on the root of a primary tooth, suggesting
its role in the protection of the root from physiolog-
ical resorption. Grimbacher et al.'> suspected the
delayed lysis of primary teeth to be a manifestation
of the same defect that results in ineffective inflam-
matory responses and the formation of pneumatoce-
les, involving disorder in the activation of osteoclasts
and/or macrophages by cytokines. Nevertheless, in 2
adult cases, numerous impacted permanent teeth
were found, even if the extraction of the correspond-
ing deciduous teeth was performed (probably not at
the correct time). In these cases, we advised against
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Fig. 3. Extracted deciduous tooth in case 3: to notice the
length of the root.

the orthodontic extrusion of the impacted elements
because of the high risk of infections and the severe
enamel fragility and carioreceptivity. We preferred
to perform a prosthetic rehabilitation with a remov-
able dental prosthesis and we are still monitoring the
impacted elements (Figure 4). Removal of retained
primary teeth at the correct time of exfoliation is
highly important, not only because it allows the
normal eruption of permanent teeth, leading to a
reduction in the need for complex orthodontic treat-
ment later in life,'® but also because the presence of
double rows, in which permanent teeth erupt lingual
of the deciduous teeth, prevent effective oral hy-
giene. Five cases of 6 had several cavities and/or
signs of gingival inflammation owing to insufficient
dental hygiene, requiring oral medications, endodon-
tic treatments, and extractions (Figure 5). Monitoring
these patients and educating them on correct oral
hygiene procedures is paramount to prevent severe
dental infections. Vigliante et al.'” reported a life-
threatening cervicofacial infection as a result of a
dental abscess in a child with HIES. The immuno-
logic disorder and the prolonged use of antibiotics
make oral candidiasis (pseudomembranous, erythem-
atous, median rhomboid glossitis, and angular chei-
litis) a common disease among patients with HIES.
In our survey, only Case 1 had antifungal-resistant
erythematous candidiasis. A recent study associates
HIES with defective salivary activity. Conti et al.””
showed that patients with HIES exhibit reduced can-
didacidal activity in saliva, which correlates with
reduced expression of certain antimicrobial proteins
with antifungal activity, namely [3-defensin-2 and
histatins. Domingo et al.?' identified asymptomatic
lesions of the oral mucosa and gingiva in more than
75% of patients, mainly palatal lesions (ranging from
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Fig. 4. Oral features in case 1.

Fig. 5. Oral features in case 4.

a generalized surface keratosis to a midline sagittal
fibrotic bridge) and tongue lesions (consisting of
multiple fissures and a midline cleft). On the lip and
buccal mucosa, keratotic plaques and/or surface fis-
sures were less common. In contrast to Domingo et
al.,”! in our 6-year observation of 6 patients with
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HIES, we found nothing abnormal in mucosal aspect
and texture.

The HIES facies was evident in all but 2 patients. In
cases 3 and 6, the typical facial aspect was not clearly
discernible because of their young age. These 2 pa-
tients, however, had a high narrow palate, which we
treated by a rapid palatal expander to correct the trans-
versal diameter deficiency. In 3 of 6 cases, we per-
formed an orthopedic treatment with functional appli-
ances to optimize the mandibular growth and the
vertical dimension.””

CONCLUSIONS

Our review and the cases presented emphasize the role
of the dentist both in the diagnosis and in the treatment
of this syndrome.

e The high variability of presentation of HIES makes it
easy to confuse the diagnosis with that of severe
atopy or other rare immunodeficiencies and thus de-
lay diagnosis. The general practitioner who identifies
multiple retained primary teeth along with a highly
narrow palate, the typical facies, or many dubious
findings in the medical history should refer the pa-
tient to an immunologic department and to an ortho-
dontist.

e The orthodontist should recognize the syndromic
“orofacial phenotype” of HIES and follow the pa-
tients during skeletal and dental development, exe-
cuting the necessary extractions at the correct time to
avoid further complex orthodontic treatment, espe-
cially in patients particularly susceptible to dental
and mucosal infections.

e Moreover, it is of primary importance to check the
patients regularly to motivate them to careful oral
hygiene. All 6 patients with HIES of this survey
reached eventually good oral conditions and were
then involved in a dental follow-up program.
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