
Acta Derm Venereol 95

CLINICAL REPORT

Acta Derm Venereol 2015; 95: 476–479

© 2015 The Authors. doi: 10.2340/00015555-1978
Journal Compilation © 2015 Acta Dermato-Venereologica. ISSN 0001-5555

Recently, patients with hypohidrotic/anhidrotic ecto-
dermal dysplasia (H/AED) have been reported to have a 
higher prevalence of symptoms suggestive of atopic dis-
orders than the general population. To better understand 
atopic diathesis in H/AED, 6 cases of clinically or gene-
tically diagnosed H/AED were examined. The following 
criteria were evaluated with patient consent: sweating, 
blood test results, histopathology and filaggrin staining. 
Five of 6 H/AED cases displayed atopic dermatitis-like 
manifestations, and 3 of these 5 cases experienced peri-
orbital lesions. Sweat ducts were not histopathologically 
observed, and filaggrin staining was similar to normal 
subjects. Serum IgE was elevated in 2 of the 3 patients. 
H/AED patients tended to present with atopic dermati-
tis-like eruptions with characteristics potentially indi-
cative of periorbital lesions. Atopic diathesis in H/AED 
appeared not to be associated with filaggrin. We could 
speculate that hypohidrosis or anhidrosis itself might 
impair skin barrier function and contribute to atopic 
diathesis. Key words: hypohidrotic/anhidrotic ectodermal 
dysplasia; hypohidrosis/anhidrosis; atopic dermatitis; pe-
riorbital eczema.
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Hypohidrotic/anhidrotic ectodermal dysplasia (H/AED) 
is a rare genodermatosis characterised by abnormal 
development of the sweat glands, teeth, and hair. Using 
questionnaires, Mark et al. (1) recently demonstrated 
that children with ED syndromes have higher preva-
lence of symptoms suggestive of atopic disorders than 
the general paediatric population. However, few reports 
have described the characteristics of H/AED skin lesions 
from a clinical perspective. Our aim was to clarify atopic 
diathesis, the tendency to develop one or more of the 
atopic diseases, in H/AED. We also evaluated filaggrin 
expression in the skin of patients with H/AED. 

MATERIALS AND METHODS

Patients
Six patients with H/AED at Osaka University Hospital were 
examined (5 men and 1 woman; median age 12.5, range 1–35) 
(Patient Nos. 1–5 were clinically diagnosed with H/AED based 
on the triad signs of H/AED, and patient No. 6 was genetically 
diagnosed via a causative gene mutation).

Measurement of sudomotor function
Sweating was evaluated in 2 cases via starch-iodide paper or the 
quantitative sudomotor axon reflex test (Q-SART). Starch-iodide 
paper was attached to the palm. Dark spots on the patient’s palm 
result from reaction between starch and iodide in the presence of 
water from the sweat droplets, and these spots were compared to 
those on a control. Q-SART was performed as previously des-
cribed (2). Briefly, a 2 mA current was applied for 5 min together 
with 10% acetylcholine to determine axon reflex-mediated 
sweating responses during acetylcholine iontophoresis.

Histopathology
Four-mm punch biopsies were collected from anhidrotic areas of 
in 3 patients. Hematoxylin-eosin or immunoperoxidase staining 
of paraffin-embedded sections was performed. A monoclonal 
mouse anti-human filaggrin antibody (Santa Cruz Biotechnology, 
Santa Cruz, California, USA) was used at a 1:450 dilution. Anti-
gen retrieval was performed by heating sections under pressure 
for 10 min in 10 mM sodium citrate buffer, pH 6.0. Filaggrin 
stained H/AED skin was compared with filaggrin-related atopic 
dermatitis specimens and normal skin samples. 

Ethical issue
The genetic analysis was performed at Hirosaki University 
Faculty of Medicine under the approval of its ethics committee. 
Written informed consent from the participant (patient No. 6) was 
obtained at Osaka University Faculty of Medicine. We were per-
mitted to use the database of the result of genetic analysis by the 
ethics committee of the Osaka University Faculty of Medicine.

RESULTS

The patients’ characteristics are detailed in Table I. 
Five of the 6 cases had skin lesions resembling AD, 
such as dry skin, recurring itchy erythema, lichenifi-
cation, or hyperpigmentation (Fig. 1). These 5 cases 
met Hanifin & Rajka’s (3) diagnostic criteria for AD. 
Three of these 5 patients (patient Nos. 2 [Fig. 1a], 4, 
and 5 [Fig. 1b]), displayed recurring eczema on peri-
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orbital sites. Serum IgE levels were elevated in 2 of 
the 3 patients having a blood test (patient Nos. 2–4) 
(normal range: < 300 IU/ml) (4). Two patients had a 
positive family history of allergic disorders, including 
AD, asthma, or hay fever. Starch-iodide paper sweat 
test results demonstrated minimal sweating responses 
(Fig. 2a) compared with the normal control (Fig. 2b). 
For patient No. 6, the Q-SART measurement results 
were 0 mg/cm2 on the abdomen and 0.18 mg/cm2 on 
the palm. Q-SART allows us to quantitate the amount 
of sweating and distinguish between anhidrotic and 
hypohidrotic regions in the patient. Mutational analysis 
using genomic DNA extracted from blood leukocytes 
of patient No. 6 revealed a heterozygous c.157insA 

mutation in the EDARADD gene, one of the causative 
genes of H/AED. Skin biopsies from anhidrotic areas of 
3 patients (patient Nos. 1, 4, 6) showed normal epider-
mis but no sweat ducts in the dermis or subcutaneous 
adipose tissue (Fig. 3a, b). Immunohistochemical anti-
filaggrin staining of patient skin specimens (Fig. 3a, b, 
lower parts) showed comparable staining to the normal 
control (Fig. 3d); staining was not reduced, unlike in 
filaggrin-related AD specimens (Fig. 3c). 

DISCUSSION 

Similar to previous reports (1, 5), our H/AED cases fre-
quently suffered from skin lesions that resembled AD. 

Table I. Patients’ characteristics

Pat. 
No.

Age/
sex Hair Teeth Sweat Skin lesions

Other 
clinical 
signs

Evaluation of 
sweating Histopathology

Serum IgE 
(IU/ml) Family history

Genetic 
mutation

1 1/M + + + Dry skin
Erythema on the cheeks

– N/A No sweat ducts 
(Fig. 3a)

N/A Mother and a 
maternal uncle 
with AD

N/A

2 10/M + + + Pigmentation on the 
periorbital sites (Fig. 1a)

– N/A N/A 2,800 Negative N/A

3 2/M + + + Eczema on the cubital 
(Fig. 1c) and popliteal 
regions

– Starch-iodide 
paper (Fig. 2)

N/A 137 Mother with 
hypohidrosis and 
hay fever
A brother and a 
sister with asthma

N/A

4 35/M + + + Eczema on the whole 
body

– N/A No sweat duct 
(Fig. 3b)

4,500 A maternal uncle 
with H/AED

N/A 
(x-linked 
s/o)

5 6/M + + + Lichenification especially 
on the periorbital sites 
(Fig. 1b)

Short 
stature

N/A N/A N/A A maternal uncle 
with H/AED

N/A 
(x-linked 
s/o)

6 21/F – – + – – Q-SART No sweat ducts N/A Father with H/
AED

EDARADD

N/A, not available; AD: atopic dermatitis; H/AED: hypohidrotic/anhidrotic ectodermal dysplasia; +: feature present; –: within normal clinical limits; s/o: 
suspect of.

Fig. 1. (a) Patient 2 presented with hyperpigmentation at periorbital sites. (b) Patient 5 experienced lichenification and pigmentation on periorbital regions. 
(c) Patient 3 displayed recurring itchy erythema on the cubital fossa. A written permission is given to publish this figures.
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Three of 5 patients with AD-like eczema experienced 
eruptions at periorbital sites. According to Feser et al., 
(6) the following are significant risk factors for peri-
orbital eczema; female, atopic skin diathesis and ≥ 40 
years. Three patients with periorbital eczema were male 
and under 40 years of age; so in all the 3 risk factors 
which Feser et al. described, atopic skin diathesis was 
left. We could speculate that atopic diathesis in these 
H/AED patients might be attributed to periorbital 
dermatitis, which could be one of the characteristics 
of H/AED skin lesions. 

Two of the 6 cases had a positive family history of 
allergic disorders, including AD, asthma, or hay fever. In 
addition, 2 of the 3 patients having a blood test displayed 
a high serum IgE level; Davis & Solomon (5) reported 

that IgE levels in patients with H/AED were higher than 
those of a control group, with a significance level of 
p = 0.01. Recent knowledge suggests that barrier dys-
function is the primary cause of AD and that increased 
IgE levels might be a secondary phenomenon (7). 
Speculatively, a defective skin barriers in patients with 
H/AED could be associated with increased IgE levels. 

It is unclear, however, what causes the impaired skin 
barrier function in H/AED patients. Mutations in the 
gene-encoding filaggrin are a major genetic predis-
posing factor for AD (8). Angelova-Fischer et al. (9) 
demonstrated that the filaggrin mutation carriers had 
significantly reduced total and percentage amount of 
ceramide 4 compared with the wild-type. In addition, 
Jungersted et al. (10) reported similar ceramide profi-
les in H/AED and AD patients. However, our results 
suggest no association between H/AED and filaggrin 
although filaggrin status were not available for all the 
patients because some patients disagreed with several 
kinds of tests, or stopped follow-up visit. 

Impaired sweating was recently implicated as a 
cause of barrier dysfunction in AD (2, 11). Various 
reports indicate reduced sweating responses in AD 
patients compared with non-atopic controls (2, 11, 12). 
It is also reported that patients with AD have reduced 
amount of dermcidin in sweat, which is one of the hu-
man antimicrobial peptides secreted into sweat (13). 
This might contribute to the high susceptibility of AD 
patients to skin infections and to altered bacterial skin 
colonisation. Although filaggrin data were not reported 
in these studies, it could be said that most of these AD 
cases exhibiting defective sweating were unrelated to 
filaggrin, taking into the frequency of filaggrin mutation 

Fig. 2. Starch-iodide paper test; dark spots on the patient’s palm (a) resulting 
from the reaction between starch and iodide in the presence of water from 
sweat droplets were markedly reduced compared with the control (b).

Fig. 3. No sweat ducts were histopathologically observed in an anhidrotic area of patient 1 (a) and 4 (b). Filaggrin staining in patient 1 (a, lower part) and 4 
(b, lower part) was similar to that of the normal control (d). Staining was not reduced unlike the staining of filaggrin-related atopic dermatitis specimen (c).
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account (for example, the percentage of Japanese AD 
patients with filaggrin mutation is about 25% (14)). In 
addition, Watabe et al. (15) demonstrated that among 
natural moisturising factors, the levels of lactate, urea, 
sodium, and potassium were significantly lower in 
anhidrotic areas of patients with acquired idiopathic 
generalised anhidrosis or segmental anhidrosis than 
in adjacent hidrotic areas. They concluded that these 
factors in sweat played a crucial role in maintaing the 
hydration state of stratum corneum. 

H/AED is a rare genetic disease, so it is difficult to 
statistically prove that reduced sweat production is un-
derlying cause for atopic eczema, but taking the above 
findings together, we could predict that hypohidrosis/
anhidrosis itself might contribute to impaired barrier 
function, resulting in AD diathesis and secondarily to 
elevated IgE levels in patients with H/AED. 

Consistent with previous reports, our H/AED patients 
tended to present with skin manifestations that were 
indistinguishable from AD. Our clinical evaluation 
indicated that periorbital dermatitis could be charac-
teristics of H/AED skin lesions. H/AED appears to be 
not associated with filaggrin. In addition, it could be 
speculated that hypohidrosis or anhidrosis itself might 
impair the skin barrier and contribute to atopic diathesis 
in H/AED. 
The authors declare no conflict of interest.
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