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KIF11 microdeletion is associated with microcephaly,
chorioretinopathy and intellectual disability
João VM Malvezzi1,5, Ingrid H Magalhaes2,5, Silvia S Costa1, Paulo A Otto1, Carla Rosenberg1, Debora R Bertola3, Walter LM Fernandes4,
Angela M Vianna-Morgante1 and Ana CV Krepischi1

KIF11 mutations are known to cause autosomal dominant microcephaly-lymphedema-chorioretinopathy dysplasia syndrome,
associated or not with intellectual disability. We report a father and two children presenting microcephaly, chorioretinopathy and
mild intellectual disability associated with a 209-kb microdeletion at 10q23.33. This microdeletion encompasses the entire KIF11
gene. In addition to point mutations, KIF11 haploinsufficiency due to a deletion is causally associated with autosomal dominant
microcephaly, chorioretinopathy and mild intellectual disability.
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In 2012, several different point mutations were identified in the
KIF11 gene in patients from 15 different families affected by
microcephaly, chorioretinopathy and lymphedema syndrome
(MCLMR; MIM152950).1 Since then, other patients with KIF11
mutations have been identified, confirming the causal association
between this gene and MCLMR syndrome.2–5 KIF11, which maps at
10q23.33, encodes a spindle motor protein of the kinesin family.
Although KIF11 is primarily associated with MCLMR syndrome, the
clinical features are heterogeneous, indicating both variable
expressivity and incomplete penetrance.5 We report on the first
microdeletion encompassing the entire KIF11 gene, which
cosegregates in a family with true microcephaly (microcephalia
vera), chorioretinopathy and mild intellectual disability.
Two siblings, a boy and his younger sister, were referred to our

genetic service presenting true microcephaly (microcephalia vera)
and mild intellectual disability/learning difficulty. They were the
youngest children born to a nonconsanguineous couple; their
older brother was clinically normal. The institutional Research
Ethics Committee approved the research protocol, and written
informed consent was obtained from the patients’ parents.
On physical examination at the age of 10 years, the boy

presented with microcephaly (head circumference 49 cm; o1st
percentile, − 3.0 SD), narrow palpebral fissures and large promi-
nent ears. He started walking without support at the age of 1 year,
and speech development occurred after 3 years of age. He
presented with attention deficit, hyperactivity and sleeping
difficulties. Learning difficulties became apparent at school, and
he could not learn to read, write or develop basic mathematical
skills. Despite these limitations, at 10 years of age, he was
interactive, socially disinhibited and aware of his environment and
surroundings, suggesting that his cognitive impairment was mild,
particularly impacting formal learning. His karyotype was normal,
and testing of the FMR1 gene revealed a premutation [(CGG)57]
inherited from his clinically normal mother.
His sister was examined at the age of 5 years. In addition to

microcephaly (head circumference: 46 cm; o1st percentile,

− 3.1 SD) and speech acquisition delay, she presented bilateral
strabismus. A ridge over the midline of the forehead pointed to
premature closure of the metopic suture. She did not carry the
FMR1 premutation.
Their father had a diagnosis of true microcephaly with no

significant dysmorphic features. He was seen in our service at the
age of 45 years (head circumference: 52 cm; 2nd percentile,
−2.11 SD) when the family returned for the results of the genetic
tests. He could not read nor write and worked as a farm laborer all
his life.
Genomic DNA was extracted from peripheral blood leukocytes of

the affected siblings and their parents. Chromosome microarray
analysis was performed using the Cytosure ISCA 180 K v2 platform
(Oxford Gene Technology) according to the manufacturer’s recom-
mendations. Analysis was conducted as described previously.6

The three members of the family with microcephaly (the
father and his two children) were found to carry a heterozygous
microdeletion encompassing a ~209- kb segment at 10q23.33: arr
[hg38] 10q23.33(92,458,987_92,667,951)x1 (ISCN 2016) (Figure 1a).
This microdeletion, encompassing the entire KIF11 gene and part of
the IDE (Insulin Degrading Enzyme) gene, has not been reported in
the general population7 (Figure 1b). Additionally, a heterozygous
duplication of a 281 kb segment mapped at 14q31.3 was detected
in both children, which was inherited from their normal mother
(data not shown); this variant, already reported in the general
population, was considered a benign variant.
Chorioretinopathy had not been documented in any of the

three patients, but after genetic testing, we conducted a detailed
ophthalmological evaluation, and the father and his two children
were found to present chorioretinopathy (Figure 2). The father had
atrophic chorioretinal lesions with pigmented borders and
discrete vitreous opacity at the lower extremity of the lesion, on
the upper nasal peripheral region of the left eye (Figure 2a).
Ophthalmological examination of his daughter showed bilateral
strabismus, hyperopia, astigmatism and atrophic lesions of the
choroid and retina in the lower temporal mid-periphery, with
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exposure of the sclera of both eyes (Figure 2b). The boy presented
a symmetrical increase in vascular tortuosity and chorioretinal
atrophy in the lower region of the retinal nerve fiber layer,
adjacent to the optic disc (Figure 2c).
This is the first report on a microdeletion encompassing the

entire KIF11 gene that segregates in a family with microcephaly,
mild intellectual disability and chorioretinopathy, a clinical
phenotype known to be caused by KIF11 point mutations. The
IDE gene, partially included in the deleted segment, has been
associated with susceptibility to diabetes type 2 and Alzheimer’s
disease,8 both of late onset, and not documented in this family.
This deletion was not reported in the general population,7 but
three patients with larger deletions overlapping this segment, and
presenting clinical phenotypes that included microcephaly and
intellectual disability, were described in DECIPHER.9

Schlögel et al.5 reviewed the phenotypes of 87 patients carrying
KIF11 point mutations from six previous studies and their own.
The KIF11 point mutations were distributed throughout the gene,
all of them probably resulting in loss of function. Among the
mutation carriers, 91% had microcephaly, 72% eye abnormalities,
67% intellectual disability and 47% lymphedema. In addition to
this variable clinical expression also observed within families,
incomplete penetrance in carriers of causative mutations was
reported.2 More recently, Birtel et al.10, in addition to the
remarkable variability of the ocular phenotype in KIF11-related
retinopathy, documented progressive retinal degeneration, thus
indicating a role for KIF11 in both ocular development and

maintaining retinal morphology and function. The father and his
two children reported here, presented microcephaly, mild
intellectual disability and a heterogeneous pattern of chorioreti-
nopathy; progressive retinal degeneration was not apparent in the
father at 45 years of age.
A biological role for kif11 in the division of stem cell populations

in vivo during neural development was demonstrated in
zebrafish.11 Additionally, the finding of kif11 localization in the
inner segment and ciliary compartments of photoreceptor cells of
the murine retina pointed to KIF11-mediated disease as repre-
senting a syndromic ciliopathy.10 Our findings show that the KIF11
haploinsufficiency due to microdeletion is associated with a
clinical condition similar to that presented by patients carrying
loss-of-function point mutations, further supporting the role of
KIF11 alterations as strong risk factors for brain and eye
developmental defects.

HGV DATABASE
The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.fig-
share.hgv.1758 (2018).
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Figure 1. Microdeletion at 10q23.33 encompassing the KIF11 gene detected in the father and two children presenting microcephaly, mild
intellectual disability and chorioretinopathy. The image shows the array comparative genomic hybridization (aCGH) profile of the deleted
chromosomal segment at 10q23.33, encompassing the KIF11. The upper panel (a) shows the entire chromosome 10 copy number profile with
the deletion marked by a blue vertical line at 10q23.33; below, a closer view of the deleted segment, with superposition of two array-CGH
experiments with dye swap (colored regions depicting the alteration); the blue bar at the right indicates the KIF11 gene location; images
adapted from Genomic Workbench software (Agilent). The lower panel (b) depicts genomic features of the 10q23.33 deleted segment
according to the array-CGH mapping (arr[hg38] 10q23.33(92,458,987_92,667,951)x1 (ISCN 2016)) —the curated isoforms of the two affected
genes (NCBI Ref Seq genes track), part of IDE and the entire KIF11, are shown as dark blue lines, in which the vertical bars denote exons; DGV
gain and loss loci are shown as blue and red bars, respectively (images derived from the UCSC Genome Browser, freeze January 2018).
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Figure 2. Color retinography of the three patients. (a) The father presents a unilateral alteration: atrophic chorioretinal lesions with pigmented
borders localized on the upper nasal peripheral region of the left eye; (b) the daughter shows bilateral atrophic lesions of the choroid and
retina in the lower temporal mid-periphery with exposure of the sclera; (c) the son presents symmetrical features of increase in vascular
tortuosity and chorioretinal atrophy in the lower region of retinal nerve fiber layer, adjacent to the optic disc.
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