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Abstract
Acrocallosal syndrome (ACLS) is a rare autosomal recessive
disorder characterized by agenesis of the corpus callosum,
facial dysmorphism, postaxial polydactyly of the hands as
well as preaxial polydactyly of the feet, and developmental
delay. Mutationsin the KIF7 gene, encoding a molecule with-
in the Sonic hedgehog (SHH) pathway, have been identified
as causative for ACLS but also for the fatal hydrolethalus syn-
drome and some cases of Joubert syndrome. We report here
on a Tunisian boy who shows the clinical characteristics of
ACLS and was found to have a novel homozygous KIF7 non-
sense mutation. Further, we summarize the current knowl-
edge about the clinical spectrum associated with KIF7 muta-
tions as well as genetic and/or phenotypic overlap with cil-
iopathies and other mutations in the SHH pathway.
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Acrocallosal syndrome (ACLS; OMIM 200990) is a
rare genetic disorder classified as ciliopathy and mainly
characterized by agenesis of the corpus callosum, facial

dysmorphism, postaxial polydactyly of the hands as well
as preaxial polydactyly of the feet, and developmental de-
lay [Putoux et al., 2011]. It was clinically described first by
Schinzel [1979], who reported a 3-year-old male patient
with a pattern of congenital malformations including
macrocephaly, agenesis of the corpus callosum, hyper-
telorism, postaxial polydactyly of all limbs, duplication
with syndactyly of the big toes, growth retardation, and
gross motor and mental retardation [Schinzel, 1979]. One
year later, a 2-year-old girl with a very similar clinical pic-
ture was reported suggesting ‘acrocallosal syndrome’ as
designation for this condition and assuming autosomal
dominant inheritance, since the 2 cases apparently oc-
curred sporadically [Schinzel and Schmid, 1980]. How-
ever, additional (in part consanguineous) families with
multiple affected individuals soon led to the assumption
of autosomal recessive inheritance [Schinzel and
Kaufmann, 1986]. Putoux et al. [2011] identified muta-
tions in the KIF7 gene, coding for a member of the Sonic
hedgehog (SHH) pathway (kinesin family member pro-
tein 7) as causative for ACLS. Additionally, KIF7 muta-
tions were also found to be causative for the lethal auto-
somal recessively inherited hydrolethalus syndrome
(HLS; OMIM 614120), which shares several features with
ACLS [Putoux et al., 2011] and a subtype of Joubert syn-
drome (JBTS12; OMIM 200990) [Dafinger et al., 2011].
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Fig. 1. Clinical findings in the index patient
at 6 months of age. A-C Dysmorphological
facial features with prominent forehead,
marked hypertelorism, low-set ears, short
nose with anteverted nostrils, long promi-
nent philtrum, posteriorly located small
mandible and an open mouth with a pro-
truding tongue. D, E Postaxial hexadactyly
of the right foot and bifid hallux of the left
foot.

Fig. 2. cMR imaging at the age of 4 months.
A T2-weighted images showing agenesis of
the corpus callosum, abnormal formation
of the brain stem, hypoplasia of the cerebel-
lar vermis and a large retrocerebellar cyst.
B T1 transversal imaging without MTS.

Here, we present a Tunisian boy with classical clinical
characteristics of ACLS who carries a novel homozygous
KIF7 nonsense mutation. In addition, we outline the cur-
rent knowledge about the clinical features associated with
KIF7 mutations as well as the role of KIF7 in the SHH
pathway and limb development.

Patient and Methods

Case Report

The patient presented to the Department of Human Genetics
of the Ruhr University, Bochum, at the age of 6 months. He is the
second child of a healthy 26-year-old mother and a 31-year-old
father, who decline consanguinity stemming from the same small
village in Tunisia. The elder brother is healthy, and there is no fam-
ily history of a syndromic disorder.
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Medical History

The delivery of the patient occurred spontaneously at 38 + 4
weeks of gestation after a normal pregnancy. Birth weight was
4,400 g, length 57 cm and the head circumference was 38 cm (note
macrosomia and macrocephaly with all parameters above the 97th
percentile). The child showed respiratory distress syndrome symp-
toms with Apgar scores of 9, 6 and 3 after 1, 5 and 10 min, respec-
tively, and a secondary reanimation was required. The following
anomalies were noticed: large anterior fontanelle, hypertelorism
and proptosis of the eyeball, retrognathia, postaxial polydactyly of
the right foot and the right hand, and hallux duplication of the left
food. Skull and heart ultrasounds as well as blood tests were per-
formed, which revealed agenesis of the corpus callosum, hypoplasia
of cerebellum, heart malformation with an aneurysm-like structure
in the right ventricle and pericardial effusion as well as thrombocy-
topenia.

At the age of 4 days, the patient was transferred to another hos-
pital with a department of pediatric cardiology, where the pericar-
dial effusion was found to be hemodynamically insignificant. When
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Fig. 3. Sequence analysis of the index patient, the parents and a
control sample.

the patient was 2 months old, the rudimentary extra digit of the right
hand was surgically removed. At the age of 3 months, he aspirated
milk during feeding and needed to be resuscitated by his father.
During in-patient treatment for aspiration pneumonia, the pedia-
tricians initiated karyotyping and a SNP-array analysis (see below).

When the patient was 4 months old, he developed an epilep-
tic seizure. The EEG analysis was compatible with focal in-
creased susceptibility to seizures, and therefore, antiepileptic
medication was initiated. Currently, at the age of 15 months, he
shows severe global developmental delay with muscular hypoto-
nia and only partial head control. He can roll over, but he is un-
able to crawl or sit unsupported. He often shows stereotypical
behavior such as beating with his fists against his head. Length,
weight and head circumference are now within the normal range
for his age.

The family was referred to genetic counseling for a suspected
syndromic disorder when the patient was 6 months old. Clinical
evaluation at that time revealed dysmorphological facial features
with a prominent forehead, marked hypertelorism, low-set ears, a
short nose with anteverted nostrils, long prominent philtrum, pos-

KIF7 Mutation in a Boy with Acrocallosal
Syndrome

teriorly located small mandible, and an open mouth with a pro-
truding tongue (fig. 1A-C). At the lateral side of the fifth finger of
the right hand, a surgical scar from amputation of the rudimen-
tary extra digit was visible. Additionally, the patient showed a bifid
hallux of the left foot and postaxial hexadactyly of the right foot
(fig. 1D, E). He further exhibited generalized muscular hypotonia
and unilateral maldescensus testis.

MRI Findings

Cerebral MRI was performed at the age of 4 months showing a
plagiocephalic head configuration, absence of the corpus callosum
with colpocephalic configuration of the lateral ventricles, a large
retrocerebellar cyst as well as hippocampal malrotation and post-
natal persistence of a zona along the medial walls of both lateral
ventricles (fig. 2).

Genetic Analyses

Karyotype and SNP-array analysis had already been initiated
by pediatricians. The karyotype was normal (46,XY), and the SNP
array did not reveal a pathogenetically relevant microdele-
tion or microduplication, but showed several regions with loss
of heterozygosity (LOH; chromosomal regions 15q25.2q26.1,
16p13.2p12.3,16p11.2p11.1,16q11.2q12.2 and 16q21q23.1), com-
prising 7% of the autosomal genome, which would correspond to
consanguinity of first-degree cousins with a generation shift.

Since the clinical picture strongly pointed towards ACLS and
the KIF7 gene is located in one of the regions (15q25.2q26.1) which
showed LOH, we initiated Sanger sequencing of the KIF7 gene.
This analysis identified a novel homozygous nonsense mutation in
exon 11 of the KIF7 gene (c.2335G>T, p.Glu779%; fig. 3). Sequenc-
ing of the parents confirmed that they are both heterozygous car-
riers of this mutation.

KIF7 Mutations in the Literature and Clinical Overlap
with Other Diseases

The KIF7 gene is located on chromosome 15q26 and
comprises 19 exons (fig. 4). It contains a kinesin motor
domain, a coiled-coil region and a cargo domain. To-
gether with the novel mutation identified in the present
study, 31 mutations have been described in this gene
(HGMD® Professional, http://www.biobase-international.
com/product/hgmd) [Barakeh et al., 2015; Karaer et al.,
2015] to date which include nonsense, missense and
splice site mutations as well as small deletions and span
the entire gene without a hot spot region (fig. 4).

Putouxetal. [2011] described the first mutations in the
KIF7 gene as causative for ACLS. Linkage and LOH anal-
yses in 2 cohorts with a total of 8 ACLS cases identified an
overlapping region of homozygosity on chromosome
15926 in which the KIF7 gene was selected as the most
promising candidate for sequence analysis due to its role
in SHH signaling and limb formation (see below). All 8
ACLS patients were found to carry different homozygous
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Fig. 4. Localization and structure of the KIF7 gene with the muta-  Biedl syndrome; § = Pallister-Hall syndrome; = = orofaciodigital

tions described for different phenotypes in the literature as well as
the present study. Mutations for ACLS are displayed in black.
° = Joubert syndrome; # = multiple epiphyseal dysplasia; + =
hydrolethalus syndrome; % = intellectual disability; ~ = Bardet-

truncating mutations in KIF7. They collectively present-
ed with agenesis (6 cases) or hypoplasia (2 cases) of the
corpus callosum, upper and/or lower limb polydactyly,
intellectual disability, and diverse craniofacial dysmor-
phisms [Putoux et al., 2011]. After adding 5 ACLS pa-
tients with novel KIF7 mutations by the same group,
however, a more variable expression of the phenotype
emerged. While craniofacial dysmorphism was present in
all 5 cases, one patient did not show a corpus callosum
anomaly and another one did not exhibit polydactyly
[Putoux et al., 2012]. Furthermore, compound heterozy-
gous cases were presented for the first time. Following, a
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syndrome; @ = Meckel syndrome. Filled circles indicate muta-
tions that have only been observed in heterozygous state [Putoux
etal., 2011]. Box: the novel mutation reported in the present study
(c.2335G>T, p.Glu779%).

consanguineous family with 5 affected members carrying
a homozygous missense mutation in KIF7 was described
that expanded the phenotypic spectrum [Ali et al., 2012].
The affected family members showed macrocephaly, an
absent or hypoplastic corpus callosum and facial dysmor-
phism, but no polydactyly and only mild or absent intel-
lectual disability. Instead, they exhibited skeletal abnor-
malities, especially multiple epiphyseal dysplasia [Ali et
al., 2012]. Additional case reports have further added in-
formation to both the mutational and the clinical spec-
trum [Walsh et al., 2013; Hegde et al., 2015; Karaer et al.,
2015], which may range from classical ACLS (as shown
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in the present case report) to only mild dysgenesis of the
corpus callosum and intellectual disability without other
associated features [Barakeh et al., 2015].

In the original report by Putoux et al. [2011], 6 of 8
ACLS patients showed a molar tooth sign (MTS) in the
MR, a feature which is often found in patients with Jou-
bert syndrome (JS) [Romani et al., 2013], suggesting a
clinical overlap between these 2 disease entities. In their
second study, 3 of 5 patients again presented with MTS
[Putoux et al., 2012]. JS and related disorders are a clini-
cally and genetically heterogeneous group of disorders
characterized by hypoplasia of the cerebellar vermis, with
MTS as the characteristic neuroradiological finding and
accompanying neurological symptoms such as a dysregu-
lation of breathing pattern and developmental delay.
Other variable features include retinal dystrophy and re-
nal anomalies [Saraiva and Baraitser, 1992; Valente et al.,
2013]. To date, 22 causative genes have been identified in
JS and related disorders, and in accordance with the clin-
ical overlap to ACLS, mutations in KIF7 were identified
as causative for JS type 12 in a consanguineous Egyptian
family [Dafinger et al., 2011]. It was suggested that MTS
also is a frequent feature of ACLS, while corpus callosum
agenesis is possible but rare in JS. In contrast, renal and
retinal anomalies, which are often seen in JS, are absent
in ACLS [Putouxetal., 2011, 2012]. Pathophysiologically,
both ACLS and JS share an abnormal formation or func-
tion of cilia (see below) and have thus been classified as
‘ciliopathies’ [Waters and Beales, 2011].

KIF7 mutations in addition have been identified as
causative for HLS, another autosomal recessive disorder
sharing several features with ACLS but resulting in a more
severe phenotype [Putoux et al., 2011]. It is a lethal embry-
onic condition characterized by hydrocephaly or anen-
cephaly, postaxial polydactyly of the upper limbs and pre-
or postaxial polydactyly of the lower limbs. Duplication of
the hallux can also be observed. The first gene found to be
associated with HLS is HYLSI, causing the phenotype
HLS1 (OMIM 614120), while KIF7 causes HLS2 (OMIM
236680). Subsequently, all of these overlapping KIF7-asso-
ciated syndromes (ACLS, JBTS12, HLS2, and the new phe-
notype associated with multiple epiphyseal dysplasia) have
been suggested to constitute the phenotypic spectrum of
KIF7-related ciliopathies [Putoux et al., 2012]; an overview
of the major symptoms of these syndromes is given in ta-
ble 1. So far, genotype-phenotype correlations are hard to
establish; notably, one mutation has been found in homo-
zygous state in a 14-year-old patient with ACLS, in a fam-
ily with lethal HLS [Putoux et al., 2011] and in a boy only
with intellectual disability [Barakeh et al., 2015].

KIF7 Mutation in a Boy with Acrocallosal
Syndrome

For some ciliopathies, e.g. Bardet-Biedl syndrome, ol-
igogenic inheritance has been suggested, which means
that in addition to biallelic mutations in the respective
primary disease gene, mutations in other ciliopathy genes
may contribute to the phenotype [Walsh et al., 2013]. The
same phenomenon was reported for an ACLS patient
who carried a homozygous KIF7 mutation and addition-
ally heterozygous loss-of-function variants in 3 other cil-
iopathy genes [Walsh et al., 2013]. Further, sequencing of
KIF7 in patients with other ciliopathies found a signifi-
cant enrichment for nonsynonymous heterozygous ex-
changes in this gene compared to controls [Putoux et al.,
2011]. Thus, genetic interaction between different ciliop-
athy loci appears possible and may - at least to some ex-
tent — explain the variable phenotype associated with
KIF7 mutations. Unfortunately, we were unable to test
this hypothesis in our patient, since due to the classical
phenotype only the KIF7 gene was sequenced.

There is also a significant clinical overlap of ACLS with
Greig cephalopolysyndactyly syndrome (OMIM 175700),
resulting from heterozygous GLI3 mutations. Greig ceph-
alopolysyndactyly syndrome is characterized by polydac-
tyly, widely spaced eyes and macrocephaly; less frequent-
ly agenesis of the corpus callosum and intellectual disabil-
ity are observed [Démurger et al., 2015] (table 1). It was
suggested that the milder end of the ACLS phenotypic
spectrum may overlap with the severe end of the Greig
cephalopolysyndactyly syndrome phenotype, and 2 pa-
tients clinically diagnosed with ACLS have been described
to be heterozygous for a de novo GLI3 mutation [Elson et
al., 2002; Speksnijder et al., 2013]. This remarkable clini-
cal overlap is nicely reflected by a close functional rela-
tionship of KIF7 and GLI3, as they both serve as impor-
tant signal transduction molecules within the SHH path-
way [Anderson et al., 2012].

Molecular Pathogenesis: The SHH Pathway and Limb
Malformations

The SHH pathway is a highly conserved signal trans-
duction pathway important for numerous processes dur-
ing embryonic development [Choudhry et al., 2014].
Among others, SHH signal transduction was shown to
play a fundamental role in limb development [Anderson
et al., 2012]. In this regard, the cilium as a specific struc-
tural component of the cell has come into focus. Cilia are
microtubule-based structures, which are classified into 2
types: motile and immotile or primary cilia. In their cen-
ter, they comprise a structure of microtubules (the so-
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Table 1. Differential diagnosis

Features Index patient ACLS HLS JS GCPS
Genetics
Mutations found in KIF7 KIF7 KIF7 and HYLSI KIF7 and others GLI3
Inheritance AR AR AR AR AD
Craniofacial dysmorphism
Macrocephaly + + + +
Prominent forehead + + + +
Low-set ears + + + + +/-
Hypertelorism + + + +
Broad nasal root + + + +
Short nose/long philtrum + + + +/-
Micrognathia + +/- + +/- +/-
Retrognathia + +/- +/- +/-
Protruding tongue + + + +/-
Other cleft lip/palate cleft palate, bifid nose cleft lip, midline
groove of tongue
Neuroimaging
CC agenesis or hypoplasia ~ + + + +/- rare
Hypoplasia of cerebellum + +/- +/- + -
MTS - +/- + + -
Other hydrocephaly, anencephaly,  hypoplasia of hydrocephalus
malformations of the brainstem
mid- and hindbrain
Neurologic
Growth retardation postnatal postnatal intrauterine +/- -
DD/ID delayed severe na + rarely mild ID
psychomotor 1D (death in utero) and DD
development
Hypotonia + + + +, later ataxia rare
Seizures + + na + rare
Skeletal
Preaxial polydactyly - + + + +
Postaxial polydactyly + + + + +
Broad or bifid halluces + + + + +
Syndactyly - + + + +
Congenital heart disease pericardial septal defects atrioventricular canal occasionally -
effusion pulmonary valve defects VSD
Genitourinary cryptorchidism M: inguinal hernia, hydronephrosis renal cysts M: inguinal
hypospadias, micropenis, =~ M: hypospadias hernia
cryptorchidism F: duplicated uterus,
F: rectovaginal fistula vaginal malformation
Eyes strabismus strabismus, nystagmus, microphtalmia oculomotor apraxia -
optic atrophy, decreased coloboma, ptosis
retinal pigmentation retinal dysplasia/
dystrophy

AD = Autosomal dominant; AR = autosomal recessive; CC = corpus callosum; DD = developmental delay; F = female; GCPS = Greig cephalopolysyn-
dactyly syndrome; ID = intellectual disability; M = male, na = not available; VSD = ventricular septal defect; + = reported; - = not reported.

called axoneme) which is surrounded by a membrane lip-
id layer [Hildebrandt et al., 2011]. Proteins are transport-
ed along the axoneme, both in anterograde (towards the
tip) and retrograde (towards the basis) direction; this
mechanism has been called intraflagellar transport. Re-
cent evidence suggested that intraflagellar transport com-

178 Mol Syndromol 2015;6:173-180
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ponents may be involved in SHH signaling [Anderson et
al., 2012]. The GLI proteins (GLI2 and GLI3) are impor-
tant transcription factors downstream of SHH, which are
transported along the axoneme (fig. 5). More specifically,
in the absence of SHH binding to its ligand PTCH1, GLI3
is presumably kept in a complex with KIF7 and SUFU [He
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Fig. 5. SHH pathway in the cilium. In the absence of SHH, GLI3 is
presumably kept in a complex with KIF7 and SUFU at the tip of
the cilium and degraded to the repressive form (GLI3-R). Activa-
tion by SHH leads to translocation of the active form of GLI3

et al., 2014; Pusapati and Rohatgi, 2014] at the tip of the
cilium and subsequently degraded to the repressive form
(GLI3-R). Activation by SHH, on the other hand, is sup-
posed to release the inhibitory effect of SUFU and KIF7
and eventually leads to translocation of the active form of
GLI3 (GLI3-A) into the nucleus with subsequent tran-
scription of respective target genes [Anderson etal., 2012]
(fig. 5). Furthermore, the important role of KIF7 and
SUFU for SHH signaling and limb development has re-
cently been demonstrated in an embryonic mouse model:
while deletion of either KIF7 or SUFU resulted in the for-
mation of ectopic digits (i.e. polydactyly), the combined
loss of KIF7 and SUFU led to severe limb truncation
[Zhulyn and Hui, 2015].

Polydactyly and anomalies of the cerebral midline in-
cluding the pituitary gland and, less frequently, the cor-
pus callosum may also result from heterozygous GLI2
mutations in humans [Roessler et al., 2003]. Polydactyly,
cardiac defects and malformations of cerebral midline
structures including agenesis of the corpus callosum or
holoprosencephaly are also commonly observed in pa-
tients with Smith-Lemli-Opitz syndrome, an autosomal

KIF7 Mutation in a Boy with Acrocallosal
Syndrome

(GLI3-A) into the nucleus with subsequent transcription of re-
spective target genes. In the absence of KIF7, the cilium is longer
and repression of the transcription of target genes is abrogated.
Adapted from Anderson et al. [2012].

recessive metabolic disorder resulting from 7-dehydro-
cholesterol deficiency preventing the last step of choles-
terol biosynthesis and its binding to SHH [Nowaczyk
and Irons, 2012]. Moreover, gain-of-function mutations
within an SHH regulatory element 1 Mb upstream of
SHH, the zone of polarizing activity regulatory sequence,
also cause a characteristic spectrum of limb malforma-
tions including polydactyly [Johnson et al., 2014].

Conclusions

In conclusion, an important role of KIF7 for SHH sig-
naling and especially limb development has clearly been
demonstrated over the last years, and phenotypic overlap
exists with several disorders of the same pathophysiolog-
ical pathway. The clinical spectrum associated with KIF7
mutations is wide, ranging from lethal HLS to mild dys-
genesis of the corpus callosum and intellectual disability
without other associated features, and it was suggested to
group these phenotypes under ‘KIF7-related ciliopathies’.
As already shown for other cilia-related disorders such as
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Bardet-Biedl syndrome, genetic interaction between dif-

ferent ciliopathy loci appears possible and may - at least

to some extent — explain the variable phenotype associ-
ated with KIF7 mutations. For complex and heteroge-
neous phenotypes such as many of the ciliopathies, next-

lications.

generation sequencing techniques have proven to be a
helpful tool, since they not only evaluate one or few single

genes, but a whole group of suspected disease genes or the
whole exome or even genome [Xing et al., 2014]. Even

though both analytical and ethical issues will have to be
solved before the latter techniques can become feasible on
a routine basis [Davey, 2014], they will certainly lead to a
better understanding of the complex mechanisms under-
lying ciliopathies and related disorders in the near future.
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