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Abstract Wolf-Hirschhorn syndrome (WHS) is a multiple congenital anomaly-intellectual disabil-
ity syndrome caused by a deletion involving chromosome 4p16.3. We report clinical
and genetic findings of the first WHS patient diagnosed in central Africa. This boy who
presented with cleft palate, microcephaly, severe growth delay, and intellectual
disability was 12 years old. Typical craniofacial features were present, though the
characteristic “Greek helmet” appearance of the nose was less evident, probably
reflecting a variable expression related to the genetic background. The clinical
diagnosis of WHS was confirmed by array CGH, which revealed a terminal 4p16.3
deletion of 3.47 Mb, typically associated with a milder phenotype, contributing to the
long survival of this child in a developing country.
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Introduction

Wolf-Hirschhorn syndrome (WHS) is a contiguous gene
deletion syndrome due to a deletion of distal region of
chromosome 4p, characterized by distinct craniofacial
features, growth impairment, intellectual disability, and
seizures.1 Its incidence in newborns is estimated between
1/50,000 and 1/100,000.2,3 Genotype-phenotype correlation
studies have not been able to unambiguously correlate
single genes to different phenotypic features, but it is
clear that haploinsufficiency of two genes are major contrib-
uting factors; the Wolf-Hirschhorn syndrome candidate 1
(WHSC1) is associated with the craniofacial features and
growth delay, whereas Homo Sapiens leucine zipper-EF-
hand containing transmembrane protein 1 (LETM1) contrib-
utes to seizures.4–6 However, the observation of atypical
deletions7,8 and careful genotype-phenotype correlations9

suggest that other genes may contribute to the phenotype as
well. Many cases have been published, but only few among
these are Africans. As far as we know, there has not been a
single case described from central Africa. This case report
aims to describe the clinical and genetic findings in the first
case of WHS in a Congolese individual, clinically diagnosed
and confirmed by molecular karyotyping.

Case Report

The index is a 12-year-old Congolese boy, who was initially
referred to the surgery department of theUniversityHospital
of the University of Lubumbashi because of cleft palate. He

has one elder sister and four younger brothers, who are alive
and do not present malformations or developmental delay.

He is the second child of healthy, young, and unrelated
parents. At the time of birth, his mother was 20 years old and
his father 23 years old. During thefirst trimester of gestation,
his mother had an episode of malaria, treated with quinine,
and urinary infections treated with amoxicillin. She con-
sumed clay (Pemba) during the entire pregnancy and did not
receive any vaccinations or folic acid supplementation. The
first consultation was at the sixth month of pregnancy. The
boy was referred at age 11 years for a cleft soft palate, which
was further surgically corrected. Severe growth delay was
evident, with weight 18.5 kg (standard deviation [SD]: �5,
CDC [Centers for Disease Control and Prevention] growth
charts), height 118 cm (SD: �3.8). Body mass index was 13.2
(SD: �2.9). His development was moderately delayed. He
walked by the age of 4 years; he did not speak but could dress
by himself. In addition, he presented with microcephaly
(head circumference 48 cm, SD: �3.8), high forehead and
prominent glabella, hypertelorismwith prominent eyes, and
divergent strabismus. The ears were normally placed with a
preauricular pit on the right ear. His neck was long. There
were sacral dimples (►Fig. 1).

Genomic DNA was isolated from peripheral blood leuko-
cytes using standard protocols, and screened for copy num-
ber alterations using the Oxford Gene Technology 8 � 60 k
Array platform CytoSure ISCA v2 design (catalog number
020040, Oxford, United Kingdom). This slide includes nearly
60,000 oligonucleotides covering the whole genome, with
special enrichment providing high coverage at ISCA-defined

Fig. 1 Abnormalities observed in the patient: (A) frontal view—high forehead, hypertelorism, divergent strabismus, arched eyebrows.
(B) ) Profile view—absence of typical “Greek helmet” feature. (C) Preauricular pit. (D) Sacral dimples.
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regions. The backbone resolution is one oligo every 70 kb
whereas the resolution at targeted regions is one oligo every
48 kb. The WHS region is one of the targeted regions for this
platform.

Array CGH results were interpreted using Oxford Gene
technology CytoSure Interpret Software_ v.3.3.2 (OGT Cyto-
Sure, OGT Oxford, United Kingdom). A chromosomal copy
number change is called when it includes at least five
consecutive probes. All genome coordinates were according
to NCBI human genome build 19 (hg19 Feb 2009). Analysis in
our patient showed a terminal 3.47 Mb deletion arr[hg19]
4p16.3(59,233–3,527,184) � 1 (►Fig. 2). No additional copy
number variations were detected.

Discussion

We describe the clinical and genetic features of a young
Central-African boy withWHS. Previously, minimal diagnos-
tic criteria for WHS were proposed, including the character-
istic craniofacial appearance with the “Greek warrior
helmet,” intellectual disability, growth delay, and seizures
or electroencephalographic (EEG) anomalies.10,11 We diag-
nosed this patient clinically with WHS, who presented three
of the four major criteria including most of the craniofacial
features although the “Greek warrior helmet” appearance
was less evident. The patient did not manifest seizures and
we did not perform an EEG. The possibility of no seizures
or EEG anomalies in WHS patients has been reported previ-
ously,12,13 it is often correlated with interstitial deletions
spaning the terminal 751 kb of chromosome 4p.14 The
telomeric segment of 0.6 to 0.9 Mb is hypothesized to
function synergistically with the seizure candidate region
to promote seizures in WHS patients.15 Our patient also
presented the characteristic sacral dimples, located at the

cranial part of the sacroiliac joints, a feature we find helpful
in reaching this diagnosis.

The severity of WHS correlates with the size of the
deletion, and three different categories of the WHS pheno-
type have been proposed.1,10 The deletion found in our
patient belongs to the group of deletions smaller than 3.5
Mb. In this group, the symptoms aremild, and, inmost cases,
the patients do not manifest major malformations. We think
that the clinical presentation of our patient is consistent with
the finding of a deletion of this category, even though he has
one major malformation, that is, a cleft palate. In contrast to
the mild phenotype of our patient, more severe manifesta-
tions, includingmalformations, are observed in case of larger
chromosome 4p deletions between 5 and 18Mb. These cases
are more frequent probably because clinically severe cases
are more easily recognized and diagnosed. We expect that
the introduction of molecular karyotyping, which permits
genome-wide screening for imbalances, will reduce this
ascertainment bias in the future.

As in many other cases with WHS, our patient had severe
growth retardationwith height andweight far below the 3rd
percentile.WHSCR1 andWHSCR2may contribute to the short
stature and low weight.16,17 Facial clefting is commonly
observed in WHS. Some cases present cleft lip with or
without cleft palate (CL þ/� CP), but also cleft palate only
(CPO) is observed. CL þ/� CP and CPO have distinct etiopa-
thogenesis.18 Therefore, we explored the possibility that in
WHS too distinct genesmay be involved in causing these two
different malformations (►Fig. 2). Occasionally, authors do
not differentiate between these two malformations and
lump them into one entity.10,19,20 However, we identified
a minimal region of more than 3.5 Mb shared by some WHS
patients with CL þ/� CP. It is reported that the percentage of
cleft lip/palate in WHS patient is different according to the

Fig. 2 Summary of molecular-cytogenetic findings of 13 reported Wolf-Hirschhorn syndrome (WHS) patients with cleft palate. WHS1 Current
index WHS2 Van Buggenhout et al, 2004; patient 522 WHS3 Maas et al, 2008; patient 1123 WHS4 Van Buggenhout et al, 2004; patient 122 WHS5
Shimizu et al, 2014; patient 101 WHS6 Shimizu et al, 2014; patient 111 WHS7 Shimizu et al, 2014; patient 121 WHS8 Ji et al, 2010; patient 124

WHS9 Ji et al, 2010; patient 524WHS10 Shimizu et al, 2014; patient 161WHS11Maas et al, 2008; patient 2023WHS12 Shimizu et al, 2014; patient
201 WHS13 Shimizu et al, 2014; patient 211 WHS14 Maas et al, 2008; patient 2123

Journal of Pediatric Genetics Vol. 6 No. 3/2017

Wolf-Hirschhorn Syndrome and Mild Manifestations Mbuyi-Musanzayia et al.188

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



size of the deletion—8% in patients with deletions less than
3.5 Mb compared with 25% and 44% observed in patients
with 5 to 18 Mb and greater than 22 to 25 Mb deletions,
respectively.10

Almost all the patients with cleft palate associated with
WHS present a terminal deletion of more than 3.5 Mb,
whereas our patient has one of the smallest deletions
associated with cleft palate. This indicates that candidate
genes for cleft palate are located in the distal 3.5 Mb of
chromosome 4p. Clinical recognition of WHS strongly de-
pends on the characteristic facial features. The characteristic
facial phenotype appears to be less pronounced in patients
with smaller deletions, suggesting that althoughWHSC1may
be essential for the craniofacial features, deletion of addi-
tional genes may contribute to the severity of the core
phenotype.17,21–23 In the literature, most reports concern
Caucasian patients, even though, increasingly, patients from
other ethnicities are being reported.1,24 In the present case,
the WHS facial features are recognizable. However, the
typical “Greek helmet” appearance was less evident. This
feature consists of a broadening of the nasal bridge but
mostly the nose bridge continuing in a straight line onto
the prominent glabella. In the present patient, the nasal
bridge was wider, resulting in the characteristic hypertelor-
ism but not clearlymore prominent. The nasal bridge ismore
depressed in Central African individuals, indicating that
ethnic background may influence the expression of certain
genetic syndromes. Of interest, whenwe evaluated the facial
dysmorphism applying the FDNA Face2Gene solution, WHS
syndrome did not rank within the first 30 matches.25 How-
ever, when adding the detailed clinical description including
the dysmorphism as outlined in this report, WHS ranked
first. This further illustrates that the ethnic background of
the patient influences the phenotypic manifestations of
certain syndromes.25

In Central Africa, an estimated one in seven children dies
before the age of 5 years.26,27 For children with a congenital
malformation, life expectancy is even lower.28 The present
childwithWHS is still alive at the age of 12 years. He belongs
to the milder spectrum of the disorder that probably con-
tributed to his survival. The present report illustrates that
knowledge of genetic syndromes, which mostly originates
from industrialized countries, is also applicable to Central
Africa. However, there might be some local variation in
expression. This underlines the urgent need for training in
medical genetics and syndromology in Central Africa
because currently little awareness and knowledge exists in
this field.29
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