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Abstract

Wolf-Hirschhorn syndrome (WHS) is a disorder that affects many parts of the body. The major features of this condition include spe-
cific craniofacial malformations, delayed growth and development, intellectual disability and seizures. Here, we report a case of WHS: a
27-month-old girl with a microdeletion at distal part of short arm of chromosome 4. She had striking clinical features of WHS and had an
apparently normal karyotype. Array comparative genomic hybridization performed on the DNA extracted from peripheral blood revealed
loss of 1.7Mb at 4916.3-q15.3. Taken together, this data suggests that a patient with strong clinical suspicion of chromosome abnormality
and normal conventional karyotype analysis should be further evaluated by molecular cytogenetic techniques such as array comparative
genomic hybridization (aCGH) or fluorescence in situ hybridization (FISH).
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Introduction

olf-Hirschhorn syndrome (WHS) is one of multiple

malformation syndromes which affects 1 in 50000 live

birth with a 2 : 1 female-to-male ratio.! It is associated
with partial deletion of distal portion of the p arm of chromosome
4 and is considered as a contiguous gene syndrome.? In many
cases, WHS is not inherited. They result from a random (de novo)
event during the formation of reproductive cell (egg or sperm) or
in early embryonic development.® A small percentage of all indi-
viduals with WHS develop the disorder as a result of an unusual
chromosome abnormality such as a ring chromosome 4. In the
remaining cases of WHS, the affected individuals inherit a copy of
chromosome 4 with a deleted segment. In these cases, one of the
individual's parents carries a balanced translocation between
chromosome 4 and the other chromosome. The length of deletion
regions is associated with the specific clinical phenotype.* Loss of
critical regions, including WHSCR1, WHSCR2, LETM1 and
MSX1 genes, is indeed associated with typical signs and symp-
toms of this disorder.® The key features of the WHS are as follows:
mild to severe mental retardation, hypotonia, growth delay, sei-
zures, and specific craniofacial manifestations.®> Some of these
cases do not show clinical presentations consistent with WHS,
whereas others have features which overlap with some of the
WHS phenotype. In this paper, we present a case of deletion of
genomic segment on the distal part of short arm of chromosome 4
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with loss of multiple overlapping genes. Chromosomal studies
were verified by array comparative genome hybridization
(aCGH).

Case Report

The proband was a 27-month-old girl presenting with dysmor-
phic features, developmental delay, atrial septal defect (ASD),
pulmonary stenosis (PS) and mental retardation. She was the sec-
ond child born to non-consanguineous healthy parents. The father
was 31 years old and the mother was 26 years old at the time of
the delivery. At the age of 11 months, she was admitted to hospi-
tal due to failure to thrive (FTT) and was found to have cyanotic
changes secondary to ASD with left-to- right shunt and PS.

The clinical examination revealed marked growth retardation,
microcephaly, prominent glabella, short philtrum, high forehead,
big skin tag on the vertex, hypotonia, strabismus, wide nasal
bridge, and down-turned corners of mouth (Figure 1). She was
referred for genetic assessment at the age of 27 months. We per-
formed chromosome analysis using the patient’s peripheral blood
lymphocytes by conventional GTG-banding. She revealed 46,XX
normal karyotype. Then, her blood sample was taken and DNA
extraction and purification were carried out by standard protocol.
1500 ng of DNA was used for array-CGH analysis. Array-CGH
was performed using cytochip ISCA 4x44 2309 V1loligo array
(BlueGneome, Cambridge, UK) to evaluate genomic gain and
losses at location approximately 75kb across the entire human ge-
nome. It was then analyzed using BlueFuse Multi software. We
defined chromosomal gain as above 0.4 normalized log,-ratio and
chromosomal loss as below -0.4 normalized log, ratio. In our case,
the result of array-CGH showed loss of 1.7Mb at 4p16.3 (Fig-
ure 2) which was not detectable in conventional karyotype. This
region overlaps 120 HGNC genes including WHSC1, WHSC2,
LETM1 and MSX1 genes.
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Figure 1. A) photograph of patient at 27 months of age; B) facial features of the patient; C) a tag on the head
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Figure 2. Array CGH result. Loss below -0.4 normalizedlog?2 ratio, gain above 0.4 normalized log2 ratio. Thus,

the chromosome 4p showed 1.7 Mb deletion.

Discussion

The variability of WHS presentation has been attributed to
the size of deletions with a minimum critical region of165kb.°
Zollino, et al.* defined a patient with deletion of 5 — 8Mb as “clas-
sic WHS”, which presents with severe psychomotor delay and
commonly has major malformations. Our case with 1.7 Mb dele-
tion is consistent with several features reported in the literatures as
diagnostic markers for WHS, which include microcephaly, men-
tal retardation, growth retardation, hypotonia, congenital heart
defects and prominent glabella. Moreover, other features such as
beaked nose, hypertelorism, nystagmus, and coloboma, have been
reported to occur at low frequency.” The variation in the size of the
deleted segment and the effect of gene interaction might explain
the absence of other reported phenotypes of WHS in this patient.
The phenotypic severity in this case is consistent with the length
of deletion spanning WHSCR1, WHSCR2, LETM1, MSX1land
FGFR1 genes. The deleted region spans all the genes involved
in the development of the main features of WHS and other mul-
tiple genes that act as master regulators of different developmental
pathways. Haploinsufficiency of MSX1 gene probably disrupts
the regulation of several associated genes, particularly those
involved in the development of the mouth and facial dysmor-
phism.®® Hence, in our case, facial dysmorphism could be related

to the deletion of MSX1 gene. Moreover, the plausible candidate
gene for a part of craniofacial phenotype of WHS has been traced
to the FGFR1 gene in our case.?

The conventional microscopic cytogenetic study is some-
times unable to detect either microdeletion or microduplication,
whereas array-CGH has demonstrated a highly diagnostic yield
in patients with multiple congenital anomalies and mental retar-
dation syndromes, including WHS.112 In many cases, metaphase
fluorescence in situ hybridization has been recently used to check
for chromosomal anomalies.* However, the array CGH study is
more informative in determining the length of either deletion or
duplication associated with the clinical phenotype. Therefore, it is
currently considered as a useful tool for detection of aneuploidies,
well characterized microdeletion/microduplication syndromes
and subtelomeric or other unbalanced chromosomal rearrange-
ments.
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