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A Case of Intermixed Ganglioneuroblastoma Detected by Mass Screening and
Observed Without Treatment for 2 Years and 9 Months

Mikiya Inoue*, Kiminobu Sugito®, Shota Uekusa®, Hiroyuki Kawashima®,
Taro Tkeda®, Tsugumichi Koshinaga®, and Takeshi Kusafuka®

* Division of Pediatric Surgery, Department of Surgery, Nihon University School of Medicine

A female infant with a mass screening (MS)-detected
neuroblastoma originating from the right adrenal
gland is presented. The tumor was 38 X 21 mm in size
and classified as stage I, which led us to adopt a wait-
and-see policy without any treatment. Tumor markers,
however, did not decrease to the normal levels, and
the tumor size increased after the 1st year of age. His-
tological finding of open biopsy performed at 2 years

‘and 10 months old was ganglioneuroma (GN), matur-

ing, and the observation policy was continued. After

Key words: ganglioneuroma, ganglioneuroblastoma,
neuroblastoma, mass screening, observation policy
* 30-1, Oyaguchikami-cho, ltabashi-ku, Tokyo, 173-8610 JAPAN

biopsy, the tumor size still kept increasing, and resec-
tion of the tumor was finally performed when the
patient was 3 years and 4 months old. The tumor was
70 % 50 % 50 mm in size and histologically diagnosed
as ganglioneuroblastoma (GNB), intermixed. After
surgery, tumor marker levels were promptly normal-
ized. Although this case was found by MS, it neither
spontaneously regressed nor completely matured into
GN during the observation period of 2 years and 9
months, but rather kept growing in size while main-
taining malignant neuroblastic components. Such find-
ings and natural course of the tumor in our case are
likely to represent the unusual character of MS-
detected neuroblastoma.
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the probe may be subjected to thermal
effects during lengthy surgical proce-
dures.

Caution should be applied regard-
ing light intensity in lengthy surgical
procedures using this illumination sys-
tem, and preventive methods must be
further investigated.
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Prolonged exposure to
topical cyclosporine A
does not seem to promote
conjunctival malignancy

Daniel Bohringer, Bartosz Wojanowski
and Thomas Reinhard

doi: 10.1111/5.1600-0420.2007.01046.x

Editor,
arosh et al. (2005) recently
reported an inhibitory effect on
cyclobutane pyrimidine dimer repair
in normal epithelial keratinocytes by
calcineurin inhibitors such as cyclo-
sporine A (CsA) and the ascomcin

derivatives tacrolimus and pimecroli-
mus. They suggest an increased sus-
ceptibility of sun-exposed skin and
conjunctiva towards malignant trans-
formation from mutations induced by
ultraviolet light (UV). Accordingly,
conjunctival carcinomas have been
observed after systemic administration
of CsA in organ transplantation
(Macarez et al. 1999); the US Food
and Drug Administration (FDA)
issued a cancerogenicity alert for topi-
cal tacrolimus by way of precaution.

We prescribed CsA eye drops 1%
and 2% for Thygeson’s superficial
punctate keratitis and adenoviral opac-
ities in a series of 76 eyes to avoid cata-
ract and glaucoma from protracted
application of topical corticosteroids
(Reinhard & Sundmacher 1999; Hil-
lenkamp et al. 2001). Treatment period
was 2.2 + 2.1 [standard deviation
(SD)] years; follow-up averaged
5.9 + 1.9 years. Because these patients
could be at increased risk of conjuncti-
val carcinoma from UV-induced DNA
damage, slit-lamp examinations and
brush impression cytology were per-
formed at the end of follow-up.

Signs of malignant transformation
were found neither in slit-lamp exam-
inations nor in brush cytology speci-
mens from conjunctival epithelium. In
case of pronounced cancerogenicity
from CsA eye drops 1-2%, slit-lamp
examinations should detect advanced
carcinoma during follow-up whereas
brush cytology is expected to detect
even early dysplastic cellular changes.
Our negative finding in 76 eyes ren-
ders a major risk of conjunctival
malignancy from CsA eye drops unli-
kely. The superficial layers of conjunc-
tival epitheliom might protect the
vulnerable basal stem cells by absorb-
ing a sufficient amount of mutagenic
UV. Superficial epithelial cells are
most likely shed before DNA damage
can culminate into malignoma. How-
ever, caution should be exercised in
cases with atopic dermatitis (Heinz
et al. 2003).
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Glial extrusion from
regressed retinoblastoma
after conservative
treatment
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Editor,

yes with a retinoblastoma are

preserved by conservative
treatment, including chemotherapy,
radiotherapy, photocoagulation, cryo-
therapy, transpupillary thermo-
therapy, and episcleral plaque
brachytherapy, or a combination of
these. Once retinoblastoma recurs and
is uncontrolled by additional conser-
vative treatments, enucleation is the
only option. Although regrowth or




the presence of subretinal seeds or
retinal infiltrates from the regressed
retinoblastoma suggest a recurrence
(Judisch & Folberg 1987), we report
a case of recurrence-like large glial
proliferation  from  conservatively
treated retinoblastoma, identified by
transcorneal biopsy using a vitreous
surgery system.

A 6-month-old girl had bilateral leu-
cocoria. The tumour (Reese-Ellsworth
group Vb) occupied almost the entire
vitreous cavity in the left eye. Two
bulky masses (group IVa) of 10-15 disc
diameters were observed in the right
eye (Fig. 1A). Computed tomography
failed to detect systemic anomalies
except for the intraocular tumours.
The left eye was enucleated; the right
eye underwent three cycles of chemo-
therapy (carboplatin, vincristine and
etoposide) and 30-Gray of external
beam irradiation. Twelve months later,
a dome-like proliferation gradually
developed from the margin of one
regressed tumour, and a rhegmatoge-
nous retinal detachment developed
with the break at the edge of the other
regressed tumour (Fig. 1B). A biopsy
was performed using a three-port vitre-
ous surgery system inserted through
the peripheral cornea. The lens was
removed, and the proliferative tissue
was resected using endo-ocular scissors
and forceps. Rapid frozen-section
examination failed to identify any signs
of malignancy. The retinal detachment
was treated by scleral buckling, vitrec-
tomy, fluid-gas exchange and endo-
photocoagulation. The retina was
reattached (Fig. 1C). Corrected vision
in the right eye was 20/40 at the last
examination. Immunohistochemistry
disclosed that the proliferative tissue
was widely and strongly positive for
glial fibrillary acidic protein (GFAP),
locally and weakly positive for vimen-
tin, and negative for Ki67, suggesting
benign glial proliferation (Fig. 2).

Immunohistochemistry has shown
that Miiller cells and immature astro-
cytes are positive for vimentin, and
astrocytes and activated Miiller cells
are positive for GFAP. Because of the
types of staining identified, the glial
proliferation in this case may be of
astrocytic origin. When the central
nervous system is damaged by
trauma, neurodegeneration, inflamma-
tory disease or ischaemia, the astro-
cytes commonly proliferate to protect
and repair neurons (Dayer & Cepko

Fig. 1. Fundus photographs and chart of the preserved right eye. (A) The right eye showed two
bulky masses. (B) A dome-like proliferation (arrows) from the regressed tumour and a retinal
break (arrowhead) are seen associated with the second regressed tumour. (C) The detached
retina is reattached after biopsy, scleral buckling and vitrectomy.
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NSE Ki67
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Fig. 2. Immunohistochemistry of the proliferative tissue. (A) Control retina, (B) proliferative
tissue, and (C) retinoblastoma in the left eye. The tissue is strongly positive for GFAP, weakly
positive for vimentin, and negative for Ki67, while the retinoblastoma is strongly positive for
Ki67, suggesting high mitotic activity (HE = haematoxylin-eosin; GFAP = glial fibrillary acidic

protein; Scalebar = 50 um).

2000). In the retina, reactive astrocytic
proliferation is identified when retinal
detachment, proliferative vitreoretino-
pathy or diabetic retinopathy develop
(Nork et al. 1987). Because the glial

cells survive in the regressed retino-
blastoma (Demirci et al. 2003), they
may represent another source of pro-
liferation after conservative treatment.
One pathology report showed benign
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retinal infiltration from the regressed
retinoblastoma that probably origi-
nated from the retinal pigment epithe-
lium (Judisch & Folberg 1987). Thus,
a biopsy may be helpful to determine
whether the proliferation is malignant
or benign, especially in subjects with
only one seeing eye.

Fine-needle aspiration biopsy is
recommended when the diagnosis of
primary retinoblastoma is difficult
to confirm with other examinations
(Shields et al. 1993). The needle should
be inserted through the peripheral cor-
nea and the zonules of Zinn to prevent
malignant cell metastasis (Shields et al.
1993). In the case of a solid tumour,
which is difficult to aspirate by fine-
needle biopsy, tissue resection using
endo-ocular scissors and forceps via
the transcorneal approach may be a
safe and reliable way of establishing a
diagnosis, although removal of the lens
is necessary.
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A new diagnostic approach
in patients with type 2
macular telangiectasia:
confocal reflectance
imaging

Peter Charbel Issa, Robert P. Finger,
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Hendrik P.N. Scholl

Department of Ophthalmology, Univer-
sity of Bonn, Germany
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Editor,
ype 2 idiopathic macular telangi-
ectasia (type 2 IMT) usually pre-
sents with a slow decrease in visual
acuity in the fifth to seventh decade.

- This typically bilateral disease is char-

acterized by occult, parafoveolar tel-
angiectasis and minimal exudation
that may be visible on fluorescein
angiography only (Gass & Blodi 1993;
Charbel Issa etal. 2007a). Typical
clinical findings are located predomi-
nantly in the temporal parafovea and
include a reduction of parafoveal
retinal  transparency,  superficial
retinal crystalline deposits, dilated
blunted venules. Functional deteriora-
tion is predominantly due to foveal
atrophy, intraretinal pigment prolif-
eration or development of neovascular
membranes (Charbel Issa et al.
2007b). Diagnosis is usually confirmed
by invasive fluorescein angiography.
We present findings in two patients
with type 2 IMT using non-invasive
blue (488 nm) and infrared (820 nm)
reflectance imaging with a confocal

scanning laser ophthalmoscope
(cSLO; HRA2, Heidelberg Engineer-
ing, Heidelberg, Germany). The

images are compared to findings of
fluorescein angiography and digital
fundus photography.

Patient 1 (female, 65 years) had a
visual acuity of 20/80 in the right eye
and 20/63 in the left eye. There was
slight parafoveal greying bilaterally
and a dilated blunted venule in the
upper temporal quadrant of the mac-
ula in the left eye.

Patient 2 (male, 54 years) presented
with a visual acuity of 20/63 in the
right eye and 20/200 in the left eye.
He had an advanced disease with int-

raretinal pigment proliferation in both
eyes and a secondary vascular mem-
brane in the left eye.

In both patients, red-free imaging
(Zeiss FF450 fundus camera; Zeiss,
Oberkochen, Germany; filter with a
transmission range of 515-575 nm)
highlighted the dilated right-angled
venules and enabled the visualization
of small ectatic parafoveal capillaries
(Fig. 1D,]). Retinal crystals in patient
2 appeared to follow the topography
of retinal nerve fibres, suggesting a
superficial location of these deposits.

In both patients, confocal blue
reflectance imaging (Fig. 1E,K) using
the ¢SLO disclosed a well-defined area
of increased reflectance topographi-
cally related to the leakage in late-
phase angiography (Fig. 1B,H).

Infrared reflectance (Fig. 1F,L)
showed a uniform reflectance in
patient 1 and a decreased reflectance
in patient 2. The latter again coin-
cided with the area of leakage in late-
phase angiography.

Spectral narrowing of the fundus
illumination by using filters may
reduce chromatic aberrations and
enhance the contrast and resolution of
details. Small retinal vessels are best
imaged at wavelengths of 510-570nm
(Delori et al. 1977). The use of an
appropriate filter enhanced the visunali-
zation of the parafoveal ectatic vascu-
lar changes in type 2 IMT.

Macular imaging by ¢SLO techni-
que allows the detection of light from
a conjugate plane and decreases
artefacts by stray light (Jorzik et al.
2005). Increased confocal reflectance
at 488 nm may be explained by
decreased light absorption and/or
increased reflection in the retina. These
retinal areas are related to the area of
leakage in late-phase fluorescein angi-
ography and hence may provide infor-
mation as to the extent of the macular
area involved. Since alterations in type
2 IMT can be detected in an early dis-
easc stage (patient 1) using confocal
blue reflectance imaging, this imaging
modality might be helpful in the early
detection of the disease. Because con-
focal infrared reflectance imaging
showed major changes only in patient
2 (who represents a later disease
stage), this imaging mode may rather
be suitable for follow-up in patients
with type 2 IMT.

In summary, spectral narrowing in
fundus photography using red filters




Case of Aggressive Posterior
Retinopathy of Prematurity with
Atypical Neovascular Growth

Fibrovascular proliferation in eyes with retinopathy of pre-
maturity (ROP) usually, but not always, appears at the
junction of the vascularized and nonvascularized retina.’

417

Aggressive posterior ROP (AP-ROP) occurs in the poste-
rior retina and progresses rapidly to total retinal detach-
ment.> We report an atypical case of AP-ROP in which the
neovascularization developed in the posterior retina around

the optic disc.

Case Report

A female infant was born at 30 weeks’ gestation (birth
weight, 1670 g) with severe persistent pulmonary hyperten-
sion from prolonged premature rupture of the membranes
and oligohydramnios. She was treated with mitric oxide
(NO) inhalation for 28 days. At 33 weeks postmenstrual
age, an ophthalmoscopic examination identified initial signs
of zone 1 AP-ROP bilaterally, including marked dilation
and tortuosity of the posterior pole vessels (zone I, stage 1
ROP with plus disease).

Argon laser photocoagulation was performed (duration,
300-400 ms; power, 300400 mW; 3751 shots OD, 3658
shots OS) under intravenous sedation (fentanyl) with topical
anesthesia. However, fibrovascular proliferation and retinal
detachment developed bilaterally in the posterior retina
around the optic disc 1 week postoperatively (Fig. 1a, b).
The patient underwent vitrectomy with lensectomy as a
secondary treatment at 35 weeks postmenstrual age. The
retina was reattached and the ROP stabilized in the left eye,
but the fibrovascular tissue regrew from the posterior retina
of the right eye (Fig. 1c). A second vitrectomy stabilized the
ROP in that eye (Fig. 1d).

Immunohistochemistry of the fibrovascular tissue col-
lected during vitrectomy was strongly positive for factor
VIII over a wide area and locally positive for vimentin but
negative for glial fibrillary acidic protein. These findings
suggested that the tissue consisted mainly of vascular endo-

thelial cells (Fig. 2).

Comments

We report the successful surgical results of early vitrectomy
for AP-ROP? Our findings suggest that when neovascular-
ization develops only at the peripheral end of the develop-
ing vessels, the retina can be reattached by removing the
vitreous framework around the fibrovascular tissue and the
vitreous base. These procedures reduce the tractional forces
of the fibrovascular tissue and suppress neovascular growth.
Residual vitreous gel did not affect the retinal reattach-
ment, and a regrowth of neovascularization was not
observed in a previous study.’

In our case, the neovascularization that developed in the
posterior retina could have grown along the residual vitre-
ous gel on the retinal surface and around the optic disc. This
tissue could not be completely removed during the initial
vitrectomy. In cases such as this, another vitrectomy to peel
the residual vitreous gel can lead to retinal reattachment.
which worked well in our case.



In eyves with AP-ROP, a flat network of neovasculariza-
tion arises from the peripheral terminals of the developing
vessels as in classical ROP. even though vascular shunts
occur in the vascularized retina. However, in our patient,

Jpn J Ophthalw
Val 32: 407—425.20

Figure la-d. Preoperative ar
postoperative  fundus  phot
graphs of eyes with aggressn
posterior retinopathy of prem
turity (ROP). a Preoperati
fundus image of the right eye
Preoperative fundus image of t}
Jeft eye. Fibrovascular prolifer:
tion and tractional retinal detacl
ment (arrows) are present nasal
in the posterior retina of bot
eyes. ¢ Two weeks after the initi:
vitrectomy. the neovasculariz:
tion has regrown and formed
fibrous membrane and traction:
retinal detachment in the rigl
eye. d The retina is reattache
and the ROP is stabilized afte
additional vitrectomy of the rigl
eye.

Figure 2a-d. Pathology  an
immunohistochemistry of th
fibrovascular  tissue  obtaines
during the second vitrectomy
H&E staining (a) and immuno
histochemistry with antibodie
against factor VIII (b), vimentu
(c). and glial fibrillary acidu
protein (d) Immunohismchun 5
try showed that the fibrovascula
tissue was strongly positive fo
factor V111 over a wide area (b)
and was locally positive fo
vimentin (c) but negative for glia
fbrillary acidic protein (d). Thes
findings suggest that the tissu
was composed of vascular endo
thelial cells (scale bar = 50 pm)

the fibrovascular proliferation developed atypically in the
posterior retina around the optic disc. Except for the pro

longed NO inhalation, systemic therapies including oxyger
administration and laser application might not contribute
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(o the atypical growth of the neovascularization. While NO
is known to derive vasodilatation and up-regulates regional
pasal blood Aow.! it also activates angiogenic cell migration
and proliferation-inducing factors, including fibroblast
orowth factor 2 and vascular endathelial growth factor.’
Because retinal angiogenesis is ongoing n premature
infants. NO might have contributed to the atypical neovas-
cularization near the optic disc in our patient.

In animal models of oxygen-induced retinopathy. neo-
vascularization induced by obliteration of the immature
ps from the optic disc and posterior
retina.” Because AP-ROP develops in the posterior retinal
area. including zone 1. this suggests that immature capillar-
ies may be widely present, and neovascularization arises
from the retina near the optic disc. Capillary nonpertusion
arized retinas has been identified in eyes with
threshold ROPT Thus, there might be a much wider area of
nonperfusion in the posterior retina in eyes with AP-ROP,
which should be studied using fluorescein angiography.

capillaries also develo

in vascul
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Abstract

Purpose To report two cases of Hallermann-Streiff syn-
drome with exudative retinal detachment after cataract
surgery.

Methods Case report.

Results Four eyes of two patients with Hallermann-Streiff
syndrome developed exudative retinal detachments after
lensectomy and anterior vitrectomy at 2 and 4 months of age.
Both patients had extreme microphthalmia. The exudative
retinal detachment regressed spontaneously in three of the
four eyes; however, one eye required subscleral sclerectomy.
In one patient, the best-corrected visual acuity was 20/200 at
3 years of age; the other patient had good fixation and
following behavior in each eye at 1 year of age.
Conclusions Early surgery to treat congenital cataracts in
extremely microphthalmic eyes associated with the
Hallermann-Streiff syndrome may induce exudative ret-
inal detachment. However, the retinal detachments tend
to regress and may not cause severe visual impairment.

Keywords Hallermann-Streiff syndrome - Exudative retinal
detachment - Cataract surgery - Microphthalmos
Introduction

The Hallermann-Streiff syndrome is a rare complex of
developmental abnormalities characterized by dyscephaly with
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bird face, beak nose and micrognathia, dental anomalies,
hypotrichosis, skin atrophy, microphthalmia, congenital cata-
racts, and proportionate dwarfism [1]. Most cases are sporadic,
and the etiology is unknown. Various ocular findings and
fundus anomalies have been reported, including vitreous
degeneration, retinal folds, coloboma, and Coats’ disease;
however, a few reports have described detailed fundus
changes after cataract surgery [2-4]. To our knowledge, this
is the first report on the development of exudative retinal
detachments after cataract surgery m four microphthalmic
eyes of two patients with the Hallermann-Streiff syndrome.

Case report

Patient 1, a 1-month-old Japanese male infant, referred with
a diagnosis of bilateral congenital cataracts and micro-
phthalmia. He had the typical features of the Hallermann-
Streiff syndrome, including dyscephaly with beak nose and
micrognathia, dental anomalies, hypotrichosis, skin atro-
phy, and proportionate dwarfism (Fig. la). A slit-lamp
examination revealed total cataracts, a microcornea (comeal
diameter, 7x7.5 mm OD and 8x8.5 mm OS), a shallow
anterior chamber, posterior synechiae, and poor pupil
dilation in both eyes. Ultrasonography showed bilateral
microphthalmia (axial length, 13 mm OD and 14 mm OS)
but no other posterior segment anomalies. Lensectomy and
anterior vitrectomy via the limbal approach using a 25-
gauge surgical system was performed in both eyes at
2 months of age. No intraoperative or postoperative
complications developed except for transient corneal
edema. Ophthalmoscopy identified small retinal folds
between the disc and fovea in both eyes. The aphzakic eyes
were corrected with glasses, and both eyes developed
fixation and following behavior.

@ Springer
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Fig. 1 Patient 1. (a) Facial characteristics at 2 months of age
Bilateral exudative retinal detachments at 7 months of age. The right
eye (b) has the more severe retinal detachment and requires subscleral
sclerectomy. The left eye (c) also has an exudative retinal detachment

We examined the patient every month and then at
5 months after cataract surgery (7 months of age) when
exudative retinal detachment developed in both eyes
(Fig. 1b,¢). Ultrasonography also showed bilateral exudative
retinal detachment with choroidal thickening (Fig. 1d,e).
The retinal detachment spontaneously regressed in the left
eye, but progressed and did not regress in the right eye.
Following behavior in the right eye deteriorated, and we
performed a subscleral sclerectomy twice in that eye using
0.02% mitomycin C at 1 year 9 months and 2 years
4 months of age. The retinal detachment regressed, and at
3 years 5 months of age did not recur in either eye. The
best-corrected visual acuity (BCVA) was 2/100 in the right
eye and 20/200 in the left eye.

Fig. 2 Patient 2. Bilateral exu-
dative refinal detachments at

1 years of age. The extidative
retinal detachments regressed
spontaneously in the tight eye
(a) and the left eye (b)

@ Springer
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that regressed spontaneously. Ultrasonography shows both right eye
(d) and left eye (e) have exudative retinal detachments with choroidal
thickening

Patient 2, a 5-month-old Japanese female infant, referred
with a diagnosis of bilateral retinal detachments after
cataract surgery. She had undergone lensectomy and
anterior vitrectomy at 4 months of age in another hospital.
She exhibited the characteristic features of the Hallermann-
Streiff syndrome, including dyscephaly with beak nose and
micrognathia, dental anomalies, hypotrichosis, and propor-
tionate dwarfism. A slit-lamp examination showed bilateral
aphakia and a microcornea (corneal diameter, 7x7.5 mm
OD and 8x%8.5 mm OS). Ophthalmoscopy of both eyes
showed exudative retinal detachments (Fig. 2). Ultrasonog-
raphy showed bilateral microphthalmia (axial length,
13 mm OD and 14 mm OS) and retinal detachments with
choroidal thickening. The retinal detachments spontaneous-
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ly regressed in both eyes, and the patient had good fixation
and following behavior with each eye at 1 year of age.

Discussion

These four eyes of two patients had severe microphthalmos
and developed exudative retinal detachments after early
surgery for congenital cataracts at 2 and 4 months of age.
One of the four eyes required surgery; however, the retinal
detachment regressed in three eyes, and the visual acuity
was not severely Impaired. This suggests that the extreme
microphthalmic eye in the Hallermann-Streiff syndrome
may have considerable scleral abnormalities that impede
transscleral intraoctilar fluid outflow and result in conges-
tion of the choroidal vein [5). Early cataract surgery is
supposed to induce hypotony, marked intraocular inflam-
mation and transiently accelerate production of a protein-
rich exudate. Intraccular fluid outflow may severely be
resisted postoperatively and accumulated in choroid with-
out venous drainage. It may possibly cause early onset of
exudative retinal detachment in these eyes.

In this syndrome, spontaneous cataract absorption
sometimes occurs, but results in deprivation amblyopia,
iridocyclitis, and glancoma [4, 6]. Although exudative
retinal detachment tends to occur, it is preferable to perform
early cataract surgery using less invasive procedures.
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To the Editor:

Waardenburg syndrome (WS) is a congenital
developmental disorder characterized by sensori-
neural hearing loss and abnormal pigmentation of
the eye, hair, and skin (Jones, 2006]. This condition is
divided into four types [reviewed in Jones, 20006;
Bondurand et al., 2007). Type I WS (WS1) consists of
dystopia canthorum and broad nasal root, and is
almost exclusively caused by heterozygous muta-
tions of PAX3. Type I1 WS (WS2) lacks the dystopia
canthorum and results from heterozygous mutations
of MITF (WS2A) in ~15% of patients and homozy-
gous deletions of SNAI2 (WS2D) in two patients.
Type I1I WS (WS3) (Klein—Waardenburg syndrome),
a severe form of WS1, is associated with upper limb
defects, and is ascribed to heterozygous or homo-
zygous mutations of PAX3. Type IV WS (WS4)
(Shah—Waardenburg syndrome) is characterized by
Hirschsprung disease, and is caused by heterozy-
gous or homozygous mutations of EDNRB or its
ligand EDN3, or by heterozygous mutations of
SOX10.

Thus, the underlying causes remain to be clarified
in most of the WS2 patients. While a W52 locus is
mapped to chromosome 1p (WS2B) [Lalwani et al,
1994) and chromosome 8q23 (WS2C) [Selicorni et al.,
2002], a causative gene(s) has not been identified
from these regions. In this regard, Bondurand et al.
(2007] have recently identified SOX10 deletions in
patients with WS2, implying that SOX70 abnormal-
ities can cause WS2 (WS2E) as well as WS4, Here,
we describe another case of WS2E caused by
heterozygous SOX 10 mutation.

This Japanese girl was born to nonconsanguineous
healthy parents at 41 weeks of gestation after an
uncomplicated pregnancy and delivery. At birth, her
length was 49.6 cm (4-0.6 SD), and her weight 3.4 kg
(40.1 SD). She was found to have light blue eyes, and

referred to us at 12 days of age. She manifested
hypopigmented irides and a piece of white forelock,
but lacked dystopia canthorum, broad nasal root,
and Hirschsprung disease. Ophthalmologic exami-
nations revealed bilateral ocular albinism with
hypopigmented fundus and hypochromic iris. At
3.5 months of age, auditory brainstem response was
performed because of poor responses to sounds,
showing bilateral severe sensorineural deafness
(hearing level, 90 dB bilaterally). Brain computed
tomography showed no abnormal finding. On the
basis of the above findings, she was diagnosed as
having WS2.

After obtaining written informed consent, direct
sequencing was performed for leukocyte genomic
DNA of this patient, detecting no abnormality in
the coding sequences of PAX3, MITF, and SNAIZ.
However, we identified a heterozygous SOXI10
frameshift mutation (c.506delC) on exon 4 that is
predicted to result in a premature termination at the
284th amino acid (p.Pro169fsX284) (Fig. 1A). The
primer sequences and the annealing temperature
used were: exon 3, GTTGGACTCTTTGCGAGGAC
and ATCCACCCGAAGCTAGAGG (58°C); exon 4,
AGCCCCTCTGCTGTCCTCT and CACCCTCAGCT-
CTGTCATCA (60°C); and exon 5, CTAACCTGC-
TICCCCCTTG and CAAGGAACAGGGCACACAG
(58°C). This frameshift mutation located within the
high mobility group (HMG) DNA-binding domain,
and removed the C-terminal part of the HMG domain
and the whole transactivation domain. This mutation
is predicted to destroy an Ncil restriction site, and
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Fie. 1. Mutational analysis of SOX10. A: Direct sequencing of exon 4. Shownontl
and the functional domains. For the SOX10 ¢DNA, the black and white areas
Arabic numbers indicate the cDNA sequence encoded by each
DNA-binding domain and the transactivating (TA) domain. Electrochromat
B: Restriction enzyme analysis. The black circles represent Ncil restriction sites. PCR p
and ane of the two Neil sites is predicted to be destraye
contral subject (C), whereas WT specific 117 bp and 67
product (337 bp).

this was confirmed by the Neil digestion of the
corresponding PCR products (Fig. 1B). While the
parents postponed the decision to have the genetic
testing, this mutation was absent in 100 control
subjects.

The results provide further support for the notion
that WS2 can be caused by heterozygous abnormal-
ities of SOX10 (WS2E). In this regard, a SOX10
frameshift mutation (c.1076-1077delGA, p.Thr360fs
X399) has been identified not only in a patient with a
typical WS4 but also in the mother with an apparently
WS2-compatible deafness and white forelock only
phenotype [Pingaultetal., 1998]. In addition, another
SOX10 missense mutation (p.Serl35Thr) has also
been detected in a patient with “Yemenite deaf-blind
hypopigmentation syndrome” mimicking WS2 [Bon-
durand et al., 1999]. These findings, together with
SOX10 deletions in patients with W52 (Bondurand
et al., 2007), imply that heterozygous SOX10 abnor-
malities lead to not only WS4 but also to the WS2
phenotype. Such phenotypic variability would not
be unexpected, because it is known that hetero-
zygous mutations of developmental genes are
usually associated with wide range of expressivity
and penetrance [Fisher and Scambler, 1994]. In
addition, the position of the frameshift mutation on
exon 4 may also be relevant to the lack of associated
features, because SOX10 mutations residing on the
last exon frequently lead to more severe phenotypes
such as chronic intestinal pseudo-obstruction and/or
neurological features, probably due to escape from
the nonsense mediated mRNA decay [Pingault et al,,
2000, 2002; Inoue et al., 2004].
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Gene mechanism that relates to formation of the fovea and its contribution to reproducing medicine
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