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Abstract We encountered a 1-year-old boy with desmo-

plastic/nodular medulloblastoma (DNMB) associated with

anhidrotic ectodermal dysplasia (AED). He was admitted to our

institute because of ingravescent vomiting. On physical

examination, a depressed nasal bridge, low-set ears, thick lips

with peg-shaped teeth, hypohidrosis, sparse hair, thin atrophic

skin, scaly dermatitis with frontal bossing, enlarged head size,

and bulging anterior fontanel were observed. Neuroradiological

examination revealed multiple cerebellar masses with hetero-

geneous enhancement and speckled calcifications. Severe

obstructive hydrocephalus was also observed. He underwent

surgery based on histologically diagnosed DNMB, and

received postoperative multiple-drug chemotherapy with a

completely favorable outcome. One year has passed and the

disease-free patient is still doing well without any unwanted

events. AED was diagnosed on the basis of the clinical findings:

this is probably the first report on AED-associated DNMB.
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Introduction

Medulloblastoma, the most common malignant brain tumor

in children, accounts for approximately 20 % of all intra-

cranial tumors in patients of less than 20 years of age [1].

Although medulloblastoma is usually sporadic, there are a

number of uncommon predisposing germline mutation

syndromes, e.g., Gorlin’s syndrome, Turcot’s syndrome,

and Li–Fraumeni syndrome [2, 3].

Anhidrotic ectodermal dysplasia (AED) is a rare syndrome

with an incidence of approximately 1:100,000 [4]. AED is

characterized by abnormalities in the hair, teeth, nails, and

sweat glands which may have been inherited as an X-linked

recessive, autosomal dominant trait, or as an autosomal

recessive trait [5]. Several malignant tumors, such as squamous

cell carcinoma [6–8], malignant melanoma [9], rhabdomyo-

sarcoma [10], and neuroblastoma [11], have been observed in

AED patients, although AED-complicated brain tumors, such

as medulloblastoma, have not been reported to date.

In this case report, we describe an AED-affected 1-year-

old boy who developed a multiple desmoplastic/nodular

medulloblastoma (DNMB).

Case report

A 1-year-old boy was referred to our institution because of

ingravescent vomiting. He was born at term after an
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uneventful pregnancy, and his mother has peg-shaped teeth.

He suffered repeatedly from upper and lower respiratory

infections. He had a characteristic depressed nasal bridge,

low-set ears, thick lips with peg-shaped teeth, and often had

febrile episodes (Fig. 1). In addition to the aforementioned

features, detailed physical examination disclosed marked

sweating deficiency, sparse hair, thin and atrophic skin, and

scaly dermatitis with frontal bossing. On the basis of the

clinical findings, the patient was diagnosed as suffering

from AED by pediatrics. His maternal grandfather also

displayed peg-shaped teeth, depressed nasal bridge, low-set

ears, thick lips, sparse hair, thin atrophic skin, and hypo-

hidrosis. On admission, physical and neurological examin-

ations further disclosed growth retardation, macrocephaly

with scalp varicosis, bilateral papilledema, and disturbance

of consciousness.

Computerized tomography (CT) and magnetic reso-

nance imaging (MRI) revealed one large and two small

heterogeneously enhanced posterior fossa masses with

speckled calcifications and obstructive hydrocephalus

(Fig. 2). Whole neural axis MRI demonstrated no other

parenchymal lesions.

Because his consciousness worsened on the day after

admission, tumor resection was performed by midline sub-

occipital craniotomy. Before craniotomy, a ventricular

drainage was performed to prevent the risk of acute hydro-

cephalus. Because intracranial pressure was very intense, we

uncapped the cerebellum surface of the tumor. After uncap-

ping the cerebellar cortex covering the tumor, we removed a

well-defined, gray-colored, elastic hard mass highly suscep-

tible to hemorrhage located in the left cerebellar hemisphere.

Total en block resection was possible because of a clear

demarcating plane between the tumor and cerebellum.

Histological examination revealed the classical features

of DNMB (Fig. 3): tumor consisted of densely packed

highly cellular areas along with less cellular tumor nodules.

The tumor cells in the nodular regions were uniform in size

and shape, and proliferated within the neuropil-like back-

ground with focal necrotic foci in its center. Densely

packed tumor cells in the cellular areas possessed more

irregular and hyperchromatic nuclei and showed many

typical and atypical mitoses. Reticulin staining showed a

biphasic pattern composed of highly cellular desmoplastic

regions and less cellular reticulin-free nodules.

An immunohistochemical study was subsequently per-

formed after high temperature epitope unmasking using the

Universal Immuno-enzyme Polymer (UIP) method (His-

tofine Simple Stain MAX-PO) with DAB as chromogen.

The antibodies used were anti-synaptophysin (monoclonal,

clone 27G12, 1:200 dilution, Leica Biosystems Newcastle

Ltd, Newcastle Upon Tyne, UK), anti-Chromogranin A

(monoclonal, Clone DAK-A3, 1:200 dilution, Dako,

Glostrup, Denmark), anti-GFAP (polyclonal, 1:50 dilution,

Dako), and anti-Ki67 (monoclonal, MIB-1 clone, 1:100

dilution, Immunotech, Marseille, France). The tumor cells

were immunoreactive to chromogranin A, synaptophysin,

GFAP, and vimentin, but were negative against neurofila-

ments, epithelial membrane antigen, Olig2, or S-100P

(Fig. 4). Stronger immunoreactivities to chromogranin A

and GFAP were observed in the desmoplastic regions,

whereas intense synaptophysin reactivity was present in the

nodular regions. Ki-67 labeling index was higher in the

desmoplastic regions (maximum 70 %) than the nodular

regions (maximum 45 %).

Postoperatively, the patient received multiple-drug

chemotherapy, including auto peripheral blood stem cell

transplantation. At the last follow-up 12 months after sur-

gery, he was doing well with complete remission when

evaluated with imaging studies. A genetic test was not

performed because of familial refusal.

Fig. 1 Signs of sparse hair, thin

atrophic skin, scaly dermatitis,

and low-set ears were observed

on admission (a); and the

1-year-old male patient

exhibited frontal bossing, a

depressed nasal bridge, thick

lips with peg-shaped teeth (b).

Alopecia was a side effect of

multiple-drug chemotherapy
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Fig. 2 Post-contrast axial (a,

b), coronal (c), and sagittal

(d) T1-weighted magnetic

resonance images (MRI)

showing one large and two

small heterogeneously enhanced

posterior fossa masses with

obstructive hydrocephalus

Fig. 3 The tumor was

composed of densely packed

cellular areas and less cellular

tumor nodules. The densely

packed tumor cells had irregular

and hyperchromatic nuclei and

many mitoses (H&E staining:

a 9100, b, c 9200). Reticulin

stain (d) shows a biphasic

pattern with reticulin-rich

cellular regions and less

cellular, reticulin-free nodules
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Discussion

AED, which is a rare syndrome, characteristically involves

all the ectodermal derivatives with marked sweating defi-

ciency. All relevant structures, such as keratinocytes, mel-

anocytes, hair, sweat glands, sebaceous glands, nails, and

teeth are defective anatomically and functionally [12]. A

majority of AED patients have X-linked recessive inheri-

tance: more than 90 % of the affected individuals are male,

and female carriers may show incomplete clinical features

of the disease [13]. In our patient, although mutational

analysis was not performed, AED was most likely due to the

X-linked recessive form, because his mother showed

incomplete clinical features and his maternal grandfather

exhibited the complete features of AED. Although the

genetic basis of AED is not fully understood, there are

currently at least two known types of AED with the

X-linked recessive form [14] on the molecular basis: (1)

AED due to a mutation in the ectodysplasin A (EDA) gene

located at Xq12–q13.1; and (2) AED associated with

immunodeficiency involving a mutation of the nuclear

factor jB gene essential modulator (NEMO), or nomo-like

kinase (NLK). AED-related tumors reported in the literature

are squamous cell carcinoma of the skin [6], nail bed [7],

trachea [8], malignant melanoma of the skin [9], rhabdo-

myosarcoma in the nasal cavity and nasopharynx [10], and

neuroblastoma in the thoracic cavity [11]; however, an

association of AED syndrome with brain tumors including

medulloblastoma has yet to be elucidated. As far we know,

this is the first report of AED-associated DNMB.

Approximately 10 % of children with brain tumors have

a genetic disorder that places them at increased risk of

developing cancers [15]. Some well-described associations

occur between medulloblastoma and Gorlin’s syndrome,

Turcot’s syndrome, and Li–Fraumeni syndrome [2, 3]. In

particular, medulloblastoma is found in approximately

3–5 % of patients with Gorlin’s syndrome (with germline

mutation of the Hedgehog (Hh) receptor PTCH) [2], and

almost all medulloblastomas associated with Gorlin’s

syndrome are a subtype of DNMB.

Classification schemes for medulloblastomas are based

primarily on histopathology and include variants such as

DNMB, medulloblastoma with extensive nodularity

(MBEN), classic medulloblastoma, large cell, and ana-

plastic medulloblastoma. With recent developments in

monitoring transcription across the genome, various groups

have started to subclassify medulloblastomas on the basis

of their differences in the transcriptome [16]. Four princi-

pal subgroups have been identified and clarified, i.e., Wnt,

Shh, group C, and group D [16]. The Wnt and Shh groups

are named according to the signaling pathways thought to

play a prominent role in the pathogenesis of that subgroup

[16]. Since less is known about the biology of the

remaining two subgroups, a consensus to retain the generic

names for the present is adopted until the underlying

biology driving these subgroups can be better delineated

[16]. The Shh group is named after the Hh-signaling

pathway: viz., a subgroup characterized by activation of the

Hh-signaling pathway occurs primarily in infants and

adults, and is thought to be associated with DNMB [16].

Fig. 4 The tumor cells were immunoreactive to chromgranin A,

synaptophysin, and GFAP. The desmoplastic regions showed stronger

chromogranin A and GFAP reactivities with less intensive synapto-

physin staining, whereas the nodular regions showed stronger synap-

tophysin reactivity with less intensive reactivity for chromogranin A

and GFAP. Neurofilaments, epithelial membrane antigen, Olig2, and

S-100P were negatively stained. The MIB-1 labeling index was higher

in the desmoplastic regions (maximum 70 %): a (chromogranin A),

b (synaptophysin), c (GFAP), and d (Ki-67)

Int Canc Conf J (2013) 2:178–182 181

123



The Hh-signaling pathway is of central importance

during embryo development in metazoans, as it governs a

diverse array of processes that involve cell proliferation,

differentiation, and tissue-patterning [17]. In the develop-

ment of the skin and teeth, the Hh pathway is crucial for

maintaining stem cell population, regulating hair follicle

and sebaceous gland development in the skin, and normal

development of teeth [18]. Many congenital malformations

in humans, such as holoprosencephaly, brachydactyly, and

limb malformations, are known to involve mutations in

various components of the Hh-signaling pathway [19]. In

neoplasms, the Hh pathway is firmly linked not only to

DNMB but also to basal cell carcinoma [17]. Moreover, it

has been reported that other sporadic cancers, including

those in the pancreas, prostate, lung, and breast, could also

be dependent on the Hh pathway activity [17].

Hh-signaling also modulates the expression of X-linked

inhibitor of apoptosis (XIAP), which serves to repress the

type-1 death receptor pathway in human cholangiocarci-

noma cells [20]. Deregulation of XIAP can result in cancer,

neurodegenerative disorders, and autoimmune disorders

[21]. DNMB may be associated with AED via the X-linked

events between Hh-signaling and XIAP. Moreover, other

medulloblastoma subtypes may be associated with

X-linked gene disruptions [22]. Future studies on the gene

type of medulloblastomas and AED are necessary to

understand the AED–DNMB association.

In conclusion, we encountered a very rare case of AED-

associated DNMB in a male infant. Although this hitherto

unknown association could have occurred by chance, fur-

ther studies on the Hh-signaling pathway may clarify this

DNMB–AED association.
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