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We report on a 41-year-old woman of normal intelligence with a

complicated past medical history including unilateral profound

hearing loss, unilateral Axenfeld–Rieger anomaly, and leukoen-

cephalopathy. She was referred to an adult neurology clinic

because of a previous diagnosis of multiple sclerosis, which

was non-responsive to multiple medications. Due to her com-

plicated past medical history, the medical genetics service was

consulted. She was found to have a chromosome 6p25.3–6p25.2

deletion on SNP array. This report highlights chromosome 6p

subtelomeric deletions as a possible underlying cause for peri-

ventricularwhitematter abnormalities in anadult. It emphasizes

the importance of genetic testing in an adult with leukoence-

phalopathy and congenital anomalies. � 2013 Wiley Periodicals, Inc.

Key words: Axenfeld–Reiger; FOXC1; leukoencephalopathy

INTRODUCTION

The 6p subtelomeric deletion syndrome shows variable expressivi-

ty. Clinical features in this syndrome include midfacial hypoplasia,

sensorineural hearing loss, anterior chamber eye defects, cardiac

defects, developmental delay and other developmental and behav-

ioral abnormalities, hypotonia, hip dysplasia, and cerebellar ab-

normalities [Davies et al., 1999;DeScipio et al., 2005;Maclean et al.,

2005; Aldinger et al., 2009]. More than 35 patients have been

described in the literature, and the deletion size varies from

2.1 Mb to greater than 5.5 Mb [DeScipio, 2007]. Interestingly,

duplication of this region is also associated with eye abnormalities

and cerebellar abnormalities [Aldinger et al., 2009].

One of the most well defined genes included in this deletion is

FOXC1, which belongs to a family of DNA-binding transcription

factors containing a conserved amino acid forkhead domain region

[Hromas andCosta, 1995]. FOXC1 is involved in patterning during

embryogenesis [Koster et al., 1998]. Defects in this gene have been

implicated in anterior segment abnormalities including the Axen-

feld–Rieger anomaly, glaucoma, and iris hypoplasia [Nishimura

et al., 1998]. Extraocular features have been seen in isolated FOXC1

mutations, including sensorineural hearing loss, hypodontia and

cardiac defects, and together these features are known as the

Axenfeld–Rieger syndrome.

Brain anomalies in patients with 6p subtelomeric deletions

include Dandy–Walker malformation, meningeal defects, and

patchy white matter signal abnormalities described as typical of

prominent perivascular spaces [Aldinger et al., 2009; Delahaye

et al., 2012]. In addition, multifocal T2-weighted and FLAIR

abnormalities involving the periventricular, deep, and subcortical

cerebralwhitematter have been associatedwith the 6p25deletion in

young children and in adults [van der Knaap et al., 2006; Cellini

et al., 2012; Delahaye et al., 2012]. Additionally, another 27-year-old

adult, with this deletion was reported to have intellectual disability.

However, neuroimaging studies were not available for this individual

[Delahaye et al., 2012]. FOXC1 hypomorphicmice display abnormal

meningeal differentiation thought to result in the phenotype of

heterotopias and cortical dyslamination [Zarbalis et al., 2007].
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We report on an adult patient with a 6p25 deletion, normal

cognition, and diffuse subcortical white matter changes affecting

the temporal poles and the external capsule, as well as diffuse

enlargement of the perivascular spaces. To our knowledge, this

the second report of this extensive brain abnormality in an adult

with 6p25 deletion.

CLINICAL REPORT

The patient was a 40-year-old female with a diagnosis of treatment

refractory multiple sclerosis and severe migraines. She had a

complex medical history including congenital optic nerve hypo-

plasia, strabismus of the left eye and a right Axenfeld–Rieger

anomaly. She had congenital severe mixed hearing loss in her

left ear and mild sensorineural hearing loss in the right, which

progressed in her fourth decade of life. She also reported hair loss

starting in her third decade, brittle nails, and poor scar resolution.

She was of normal cognition and intelligence, and developed

migraines and transient ischemic attack-type events at the end of

her second decade, including self-limited episodes ofmild left sided

weakness, fatigue, headaches, dizziness, clumsiness, and gait prob-

lems. White matter changes were seen on the initial MR imaging

obtained at age 33 years and she was diagnosed with multiple

sclerosis. She attempted therapywithGlatiramer acetate, interferon

beta-1a, and natalizumab, all unsuccessful. She presented to the

Johns Hopkins Hospital neurology clinic at age 40 years with

worsening weakness and imbalance, and episodes of transient right

visual field loss and severe prolonged headaches. An MRI showed

extensive whitematter disease with dilated perivascular spaces. The

differential diagnosis included glycogen storage diseases, cerebral

autosomal dominant arteriopathy with subcortical infarcts and

leukoencephalopathy (CADASIL), vasculitis or other neurodegen-

erative disorders. This was not consistent with a diagnosis of

multiple sclerosis.

The patient was admitted due to worsening recurrent migraines

and transient ischemic-type events. Themedical genetics servicewas

consulted because of a concern for CADASIL and the congenital

anomalies. On examination, she was found to have mildly dysmor-

phic features including thinhair andbrittle nails, bilateralptosis (left

greater than right), andmildmalarhypoplasia.Liver andspleenwere

normal sized. Further testing revealed that lactate (plasmaandCSF),

urine organic acids, free and total carnitine, plasma methylmalonic

acid, plasma amino acids, and very long chain fatty acids were all

essentially normal. CSF evaluation showed normal glucose and

protein levels and no oligoclonal bands.No structural cardiac defect

was observed on echocardiogram, however moderate to severe

hypokinesis of the anteroseptal and anterior walls were seen

along with abnormal septal motion consistent with a conduction

abnormality. Gene sequencing for the genes responsible for CADA-

SIL (NOTCH3) and cerebral autosomal recessive arteriopathy with

subcortical infarcts and leukoencephalopathy (CARASIL, HTRA3)

as well as a SNP microarray were recommended.

Family History
The patient’s family history was significant for two brothers with

weak trunk muscles and possible scoliosis since childhood. One

brother had celiac disease and bilateral avascular femoral necrosis.

The other brother had ahistory ofmigraines.Her father has a severe

mood disorder, and no further history is available. Hermother had

hypothyroidism. The proband’s adult son reportedly had anoxia at

birth, andwas diagnosedwith biopolar disorder and schizoaffective

disorder. He was also described as having autistic features and poor

posture with a weak trunk since childhood. There were no vision

abnormalities or hearing loss in the family. No familymembers had

genetic testing.

Neuroimaging Features
The patient underwent threeMRIs over 16months. Images includ-

edT2weighted, FLAIR, diffusionweighted, susceptibilityweighted,

time-of-flight MR angiography, and T1 weighted pre-/post-con-

trast. Two MRIs were performed during the acute phase of a

transient ischemic attack (TIA) evaluation and all diffusionweight-

ed imageswerenegative for acute ischemia.AllMRIs showedpatchy

T2/FLAIR changes diffusely throughout the subcortical white

matter with enlarged perivascular spaces and questionable mild

involvement of the pons, middle cerebellar peduncles, and deep

cerebellar white matter. Notably, these changes affect the temporal

poles and the external capsule. T1 and T2 imaging also revealed

diffuse enlargement of the perivascular spaces (Fig. 1). Therewas no

evidence of recent or remote hemorrhage. MR angiography was

normal. There was no abnormal enhancement on post-contrast

imaging. These MRI abnormalities did not change over the

16 month period, correlating with the unchanged baseline neuro-

logic examination.

Whilewewereunable toobtain the actual images,written reports

of twoMRIs from6 and 7 years prior to presentationwere obtained.

These reports detail similar prominent perivascular spaces and

periventricular and subcortical white matter foci of high signal

intensity in both the cerebral hemispheres on FLAIR and T2

weighted images. The reports state that there were no foci of

abnormal signal intensity or enhancement in the brainstem.

METHODS

Sequencing of HTRA1 and NOTCH3 was performed by PCR

amplification of purified genomic DNA from leukocytes. For

NOTCH3, bidirectional sequencing of exons 2 through 24 (encod-

ing the epidermal growth factor-like repeats) as well as associated

intron–exon boundaries was carried out via Sanger Sequencing.

CADASIL associated mutations are only associated with a loss or

gain of cysteine residues in this portion of the protein, so the rest of

the gene was not sequenced [Dichgans et al., 2000]. For HTRA1,

unidirectional Sanger sequencing of the entire coding region was

completed, and possible abnormalities were re-amplified via bi-

directional sequencing. At least 10 bases of intronic DNA on the 30

and 50 boundaries of each exon were sequenced.

SNP microarray was carried out using the Human OMNI 1M

QuadBeadchip containing greater than 1,000,000markers (Illumina,

Inc., San Diego, CA). Allele ratios and signal intensity were analyzed

with the CNV Partition 2.4.4.0 algorithm in KaryoStudio (v.1.4.3.0)

and GenomeStudio (v.2010.3) (Illumina). All coordinates are based

on the February 2009 Human Genome Build (GRCh37/hg19).
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RESULTS

Nopathogenicmutationwas found inHTRA1 orNOTCH3. A SNP

array showed a deletion of the short armof chromosome 6, between

bands p25.3 and p25.2, from nucleotide 203,722 to 2,740,501,

resulting in a 2.54 Mb deletion. Normal flanking loci were

203,619 (kgp17486) and 2,741,187 (rs9501885). Ten annotated

Refseq genes and twononcodingRNAsare included in this deletion,

with six OMIM referenced genes: IRF4, HUS1B, FOXQ1, FOXF2,

FOXC1, and GMDS. The other Refseq annotated genes are:

DUSP22, EXOC2, MYLK4, and C6orf195. Only FOXC1 has been

individually associated with a phenotype. Unfortunately, all family

members declined genetic testing.

DISCUSSION

The 6p25 subtelomeric deletion syndrome entails a variable fea-

tures, and a wide range in deletion sizes. The most described gene

included in this deletion is FOXC1, which is involved in patterning

during embryogenesis and has been associated with the Axenfeld–

Rieger syndromeaswell as cerebellar abnormalities. There aremany

other genes in the common deleted region, however their contri-

bution to the phenotype is not well understood. The patient

described in this report has many features commonly seen in

this deletion syndrome including anterior chamber eye defects,

sensorineural hearing loss, malar hypoplasia, and ptosis.

Young patients previously described with a 6p25 deletion and

white matter abnormalities include a 6-year-old boy with intellec-

tual disability, hypotonia, impaired hearing, proptosis, short stat-

ure, Axenfeld–Rieger anomaly, a bicuspid aortic valve, and bilateral

sensorineural deafness. A CT scan of his brain suggested dysmyeli-

nation of the subcortical and periventricular white matter, but no

MRI was reported [Kapoor et al., 2011]. Additionally, four other

young patients, ages 1–4 years were reported to have white matter

changes on MRI imaging, including multifocal areas of abnormal

signal intensity and enlarged perivascular spaces in the cerebral

white matter that were stable during a 1–2 year follow-up [Chen

et al., 2004; van der Knaap et al., 2006]. Neuroimaging results of the

patient described in this article did not change over 16months, and

therefore we think that her white matter changes are unlikely to be

progressive.

Our patient underwent diagnostic evaluations by multiple spe-

cialties due to a complex medical history. Many of the recent issues

disrupt her daily life due to the need for continuous medical care.

She was interested in knowing natural history and outcome in this

syndrome, but due to the lack of fully described affected adults, as

her unique neuroimaging findings, it was difficult to predict the

course of her disease. The patient felt that although she had a

diagnosis, it was frustrating to not have detailed information about

the natural history. Regarding testing at risk family members, we

discussed with the patient that her son was at 50% risk to have

inherited the 6p25 microdeletion. Furthermore, it was suggested

that the patient’s brothers be offered genetic counseling and testing,

however they have not contacted our office for an appointment. It is

unfortunate that members of this patient’s family declined genetic

testing, since the features that she described in various family

members including behavioral abnormalities, learning disabilities,

migraines, and hip abnormalities could be consistent with this

deletion.

The neuroimaging features in this patient were described by

multiple radiologists and clinicians as “CADASIL-like” due to the

white matter disease in the temporal lobe and external capsule, and

the enlarged Virchow Robin spaces commonly seen in this disease

[Yao et al., 2012], though similar findings can be found in multiple

disorders of non-progressive white matter disease including chro-

mosome abnormalities [Schiffmann and van der Knaap, 2009].

This case illustrates that patients with these findings should be

considered for SNP array. It further illustrates the importance of

considering a SNP array in an adult in the setting of atypical

neurological features, particularly when accompanied by congeni-

tal anomalies. In this patient, genetic testing was probably not

considered earlier because of her normal intelligence.
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