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Abstract

Witteveen-Kolk syndrome (WITKOS) is a rare neurodevelopmental disorder charac-
terized by developmental delay/intellectual disability, facial dysmorphisms, and short
stature. The syndrome is caused by loss of function of switch-insensitive 3 transcrip-
tion regulator family member A (SIN3A). Regarding behavioral functioning, Autism
Spectrum Disorders (ASD), obsessive-compulsive behaviors, as well as Attention-
Deficit/Hyperactivity Disorder symptoms (ADHD) have been suggested. The present
study explores various aspects of neurocognitive functioning in five individuals
(age range 10-23) with WITKOS. Medical records and results of extensive neuro-
psychological assessment are used to describe developmental trajectories and
neurocognitive profiles. Systematic analysis of medical records displays developmen-
tal difficulties described as ASD or ADHD in childhood, sleep problems and inter-
nalizing problems during adolescence. Results of cognitive assessments indicate
profoundly disabled (n = 1), mildly disabled (n = 2), borderline (n = 1), and average
(n = 1) levels of intelligence. Furthermore, results indicate weaknesses in speed of
information processing/sustained attention in all participants, and difficulties in plan-
ning and maintaining overview in three participants. Furthermore, parent reports of
behavioral functioning primarily suggest problems in social functioning. Implications
of both cognitive problems and social-emotional vulnerabilities for counseling are

discussed and supplemented with suggestions for interventions.
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1 | INTRODUCTION

The neurodevelopmental disorder Witteveen-Kolk syndrome

Tjitske Kleefstra and Jos I. M. Egger have contributed equally to this study. (W|TKOS; OMIM #613406) was identified to be caused by
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heterozygous mutations in SIN3A. Since SIN3A is located in the
15924 region, haploinsufficiency of this gene is expected to con-
tribute substantially to the phenotype seen in patients with 15g24
syndrome (Mefford et al, 2012; Witteveen
et al., 2016). To date, 16 patients with WITKOS have been reported
worldwide; 10 with intragenic SIN3A mutations—including two

microdeletion

families with each three affected members—and six with chromo-
somal microdeletions encompassing SIN3A (Mefford et al., 2012;
Narumi-Kishimoto et al., 2018; Witteveen et al., 2016). The resem-
blance between these patients includes typical facial dysmorphisms
(broad and high forehead, full eyelids, depressed nose bridge, a
small mouth, and down-slanted palpebral fissures) as well as short
stature and microcephaly (in half of the described patients). Hyper-
mobile joints and hearing loss have also been reported. As to brain
imaging, subtle brain abnormalities, present in some patients,
include cortical/corpus callosum dysgenesis, white matter abnor-
malities, and enlarged ventricles.

The sparsely described behavioral and cognitive features seem
to be characterized by developmental delay, a mild intellectual dis-
ability (ID; present in 13/16) and behaviors that were classified as
an ASD (Mefford et al., 2012; Narumi-Kishimoto et al., 2018;
Witteveen et al., 2016). Besides ASD, obsessive-compulsive as well
as ADHD symptoms have also been reported. Understanding the
associated cognitive functions of the described psychopathology is
essential in order to provide both effective treatment and counsel-
ing in daily living (Roelofs, 2019; Roelofs, Wingbermiihle, Kessels,
and Egger, 2019).

Until now, behavioral problems in WITKOS have not been sub-
stantiated with psychological measures, and potential associated cog-
nitive deficits have not been studied either. To address this issue, this
study aims to explore behavioral and cognitive functioning by means
of extensive neuropsychological assessment in five patients with
WITKQOS, to provide insights and tools for an adequate syndrome spe-

cific treatment strategy.

2 | METHODS

Five participants (three males, mean chronological age 13.8 years, age
range 10-23) with a pathogenic mutation in SIN3A without carrying
any other known pathogenic variants were included. All partici-
pants were approached for the study by the Department of Human
Genetics of the Radboud University Medical Centre (Nijmegen, The
Netherlands) and they participated voluntarily. The molecular and
phenotypical characteristics of three participants have previously
been reported (Witteveen et al.,, 2016). Data of all participants
were collected by both systematic analysis of their medical records
and an extensive assessment of intelligence, cognition and behav-
ioral functioning. The study was conducted according to the Decla-
ration of Helsinki and approved by the Central Committee on
Research Involving Human Subjects region Arnhem-Nijmegen
(NL43187.091.13) with written informed consent obtained from all
participants, or their legal representatives.
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From medical records, both levels of intelligence and levels of
adaptive functioning were extracted. Adaptive functioning refers to
the conceptual, social and practical skills that have been learned by
people in order to function in everyday life (American Association
on Intellectual and Developmental Disabilities, 2019), and was
mainly measured by semi structured proxy interviews (Vineland
Adaptive Behavior Scales; VABS). In the VABS, different domains
of functioning can be distinguished, including communication, daily
functioning, and social skills. Communication comprises speech,
language understanding, reading and writing. Social skills cover a
more general understanding of behavior in social situations. Daily
functioning skills refer to a general ability to take care of oneself
(e.g., dressing up, house cleaning, use of money, and safety in
traffic).

As part of the cognitive assessment, intelligence was measured
by state-of the-art, age-appropriate intelligence tests (Wechsler
Adult Intelligence Scale - fourth edition, WAIS-IV; Wechsler Intelli-
gence Scale for Children - third/fifth edition, WISC-11I/WISC-V;
Snijders-Oomen Non-verbal intelligence test - revised, SON-R;
Bayley Scales of Infant and Toddler Development - second edition,
BSID-Il). Furthermore, a measure of sustained (d2 sustained-
attention test) attention was obtained, as well as measures of exec-
utive functions that focus on planning and organization (subtasks
“Key search” and “Zoo map” of the Behavioural Assessment of the
Dysexecutive Syndrome for Children). Executive functioning refers
to complex control mechanisms such as planning, shifting and mon-
itoring that enable a person to perform effective, goal-directed and
self-regulating behavior (Barkley, 2012; Biesmans, van Aken, Frunt,
Wingbermiihle & Egger, 2019; Lezak, Howieson, Tranel &
Bigler, 2012; Salthouse, 2005). As for memory functioning, learning
tasks with both auditory and visual stimuli were performed
(Auditory Verbal Learning Test, Rey Complex Figure Test). Regard-
ing social cognitive functioning, measures included age-appropriate
mentalization and emotion recognition tasks (Theory of Mind test
Revisited; NEuroPSYchological Assessment Il, NEPSY-II; Emotion
Recognition Test). Visuoconstruction was measured by the Beery-
Buktenica developmental test of Visual-Motor Integration - sixth
edition. Psychopathology has been explored by means of several
questionnaires that focus on different aspects of behavioral func-
tioning. Due to age-differences, several questionnaires had to be
used to be able to tap similar symptoms of psychopathology and
behavior. Subjective measures include (by proxy) questionnaires
and interviews (CBCL, Child Behavior Checklist; SDQ, Strengths
and Difficulties Questionnaire; PIMRA, Psychopathology Instru-
ment for Mentally Retarded Adults; Mini PASS-ADD, Mini
Psychiatric Assessment Schedule for Adults with Developmental
Disabilities). For a list of references to test manuals of all tests and
questionnaires used, see “Supplementary data”. In order to enhance
comparability, questionnaire subscales that seem to measure simi-
lar psychological constructs were inspected jointly. A subdivision
into several domains of behavioral dysfunction was made, based
on the similarities of the subscales of the questionnaires. Sub-

n o«

domains include “attention problems”, “anxious/depressed”, “social
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TABLE 1 Cognitive and behavioral assesment

Mean normative Z-score n impaired
Patient 1 2 3 4 5 (i.e., Z < —1.5)
Cognition
Intelligence FSIQ -2.3° -1.7° 21° -2.5¢ -0.6° 4/5
VIQ/VCI -1.7° NA NA -1.3¢ -0.7¢ 1/4
PIQ/PRI -2.67 NA NA -2.7¢ -0.4° 2/4
wMI NA NA NA -2.8¢ -0.6° 1/2
PSI NA NA NA -2.0¢ -0.5¢ 1/2
Attention D2 (TN) -1.6 -1.5 NA -2.0 -2.0 4/4
D2 (F) 11 -15 NA 0.5 0.9 1/4
Executive functioning Key search -2.0 -0.7 NA -2.0 0.7 2/4
Zoo map -2.0 -0.7 NA -2.6 -1.6 3/4
Zoo map 2 -24 0.8 NA -2.3 0.7 2/4
CFT Rey copy -20 -15 NA -13 -11 2/4
Memory CFT Rey recall -2.6 -2.6 NA <-1.3 -0.8 2/4
RAVLT immediate recall -0.6 <-1.3 NA -1.3 -11 0/4
RAVLT delayed recall 11 >14 NA -04 -11 0/4
Social cognition ToM test R -0.5 <=20 NA -2.0 0.0f 2/4
ERT NA -2.0 NA -0.8 -1.4f 1/3
Visuoconstruction Beery VMI -0.2 -0.7 NA NA -0.7 0/3
Beery visual perception -0.7 -1.2 NA NA -1.2 0/3
Beery motor coordination -0.5 -0.7 NA NA -0.7 0/3
Behavior
Attention problems® - + + NA + 3/4
Anxious/depressed"” + - + - - 2/5
Social problems' - + + + + 4/5
Behavior problems! - - + NA - 0/3
Thought problems¥ - - + - - 1/4

Note: +, present (21.5 SD); — absent (<1 SD); + present but subtle (1-1.5 SD).

Abbreviations: Beery VMI, beery-buktenica developmental test of visual-motor integration; CFT Rey, Rey-Osterrieth complex figure test; D2 (TN), d2
sustained-attention test (total number of characters processed); D2 (F), d2 sustained-attention test (total number of errors); ERT, emotion recognition task;
FSIQ, full scale intelligence quotient; Key Search, Zoo Map 1 and Zoo Map 2 are subtest of the behavioural assessment of the dysexecutive syndrome (for
Children); NA: results not available; PIQ, performal intelligence quotient; PRI, perceptual reasoning index; PSI, processing speed index; RAVLT, rey auditory
verbal learning test; ToM-test R, theory of mind test-revised; VIQ, verbal intelligence quotient; VCI, verbal comprehension index; WMI, working memory
index.

2Based on WISC-III; 1Q scores are 65, 74, and 61, respectively.

bBased on SON-R; 1Q score is 74.

“Based on BSID-Il, developmental age in months.

9Based on WAIS-IV; 1Q scores are 63, 81, 60, 58, and 70, respectively.

®Based on WISC-V; IQ scores are 91, 89, 94-100, 91, and 92, respectively.

fBased on the subtests Affect Recognition and Theory of Mind in the NEPSY-II.

8Based on the subscales: Attention problems (CBCL), Hyperactivity/inattention (SDQ).

hBased on the subscales: Withdrawn/depressed (CBCL) + Anxious/depressed (CBCL), Emotional symptoms (SDQ), Affective disorder (PIMRA) + Anxiety
disorder (PIMRA), Depressive disorder (Mini PASS-ADD) + Anxiety disorder (PIMRA).

iBased on the subscales: Social problems (CBCL), Peer relations (SDQ) or Autism spectrum disorder (social skills, Mini PASS-ADD).

JBased on the subscales: Rule-breaking behavior (CBCL) + Aggressive behavior (CBCL) or Conduct problems (SDQ).

Based on the subscales: Thought problems (CBCL), Schizophrenia (PIMRA) or Psychotic disorder (Mini PASS-ADD).

problems”, “behavior problems”, and “thought problems”. For an over- behavior problems were classified as either “absent”, “present but subtle”
view of the subscales that were used for each domain see footnote in or “present” for scores that were, respectively, <1 SD, 1-1.5 SD,

Table 1. In order to detect emerging trends in this explorative study, and > 1.5 SD from the means of norm groups.
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3 | RESULTS

3.1 | Medical records

Demographic variables, genetic details and other relevant medical
characteristics, are displayed in Table 2. The numbers in square
brackets in this paragraph refer to the numbers of the respective
participants, as described in Table 2.

Developmental history was characterized by delayed motor
development in some participants; they walked independently at
30 (1), 18 (2), 14 (3), and 36 (4) months [for participant 5 the exact
date was unknown, but motor development was delayed], and prob-
lems related to speech and language development were reported in
three participants. In all participants, intelligence had been measured
at several timepoints in their childhood, displaying a profound ID (3),
mild ID (1, 2, 4) and below-average level of intelligence (5). With
respect to adaptive functioning, documented results indicated lower
levels than would be expected from the full scale intelligence quotient
(FSIQ). Moreover, inter-comparison of subdomains of adaptive func-
tioning displayed relatively weak social skills and relative strengths in
communication.

In childhood between the age of 6 and 11 years, four participants
had been classified with developmental disorders (ADHD [1] and ASD
[2,3,4]). Behavior was described as repetitive and rigid, and the
children needed an adjusted environment that was highly organized
and provided sufficient structure. Enhanced sensory sensitivity for
(especially auditive) stimuli was present in all participants. In adoles-
cence and early adulthood, symptoms of depression emerged, includ-
ing self-harming behaviors and suicidal thoughts/behaviors (1,4). A
history of sleep problems was reported in three participants (2,3,4).
Treatment of behavioral problems and psychopathology included both
psychotropic drugs (methylphenidate (1), oxazepam (4)) and psycho-
therapy (Eye Movement Desensitization and Reprocessing for trauma

as a result of a history of bullying [1]).

3.2 | Neuropsychological assessment: Cognitive
and behavioral functioning

Table 1 displays the results of extensive neuropsychological assess-
ment in adolescence or early adulthood in all participants. In partici-
pant 3, measurement of cognitive functioning was restricted to a
global measurement of intelligence only, due to evident impairments
in attention, motor skills, and language functioning, that hampered
formal testing. When performances of the four other participants
were compared with test norms (representing the general population)
of the respective cognitive tests, weaknesses were found in sustained
attention and speed of information processing in all participants; as
reflected in high deviation scores on the d2 sustained-attention task.
All participants worked slowly compared to the average score of the
norm group. However, only a small number of errors were made,
which may reflect a tendency to prefer accuracy above speed. More-

over, a few participants had problems in planning (1,4,5) and visual
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memory (1,2). Since the visual memory task that was used requires
the initial reproduction of a complex geometric figure, adequate per-
ception and visuoconstructive skills are a prerequisite to perceive the
figure as a whole, instead of separate fragments. In order to perform
well in this task, participants need to perceive (and remember) both
individual parts of the figure, as well as maintaining an overview of
the complete figure. Therefore, weak performances on this visual
memory task may also reflect problems in visuoconstruction or in the
maintenance of overview (executive function).

For results regarding behavioral functioning, based on several
interviews and questionnaires, see Table 1. On a group level, problems
were mainly seen in social interactions. Additionally, there were indi-
cations for attention (2,3,5) and internalizing (depression/anxiety)
problems (1,3).

4 | DISCUSSION

In this study, behavioral and cognitive functioning of patients with
WITKOS is described systematically for the first time, in a small series.
Although behavioral difficulties were previously mentioned for this
syndrome, descriptions of behavior were never substantiated by
objective measurements.

Full scale intelligence level in the participants varied from mild ID
to average intelligence, with the exception of one participant with a
profound ID. Other patients with moderate to severe intellectual dis-
ability have been described before (Witteveen et al., 2016), hence it is
plausible that this is part of the phenotype spectrum. This is
supported by the fact that genetic testing for other variants excluded
other explanations for the profound ID in this participant. This also
applies to the girl with an average level of intelligence; genetic charac-
teristics nor observations during assessment provide an evident expla-
nation for her high level of functioning, her performance is therefore
likely to represent the upper end of the phenotype spectrum. Further-
more, medical records of the described participants displayed lower
levels of adaptive functioning compared to levels of intelligence,
suggesting more profound limitations in daily functioning than
expected.

As for specific aspects of cognitive functioning, problems in speed
of information processing/sustained attention were present in all par-
ticipants. Furthermore, weak performances were displayed in tests
which required planning and an ability to maintain overview. These
findings suggest attentional and executive problems and provide pre-
liminary support for the hypothesis that patients with WITKOS suffer
from weaknesses related to suboptimal prefrontal cortex functioning.

It could, however, not completely be ruled out that the
established weak performances on attention and executive function-
ing tasks were related to the participants' level of intelligence. It is in
general difficult to identify specific weaknesses in domains of infor-
mation processing in patients with an ID, given the fact that the norm
groups of multiple cognitive measures mainly represent average intel-
ligent individuals, and do not correct for education levels or levels of

intelligence. Because most participants had an ID, a comparison with
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test norm groups is inherently accompanied by a high risk of over-
estimation of cognitive deficits. It is recommended therefore that a
further study on cognitive functioning in WITKOS takes FSIQ into
account when interpreting cognitive performances, for instance by
including a control group with a similar level of intelligence.

Behavioral functioning as described in the medical records of the
participants, seems to be best characterized by DSM classifications of
ASD. Additionally, disturbances in sensory information processing, as
well as repetitive and rigid behavior, are often reported. The results of
the current study substantiate these findings, revealing social prob-
lems in all participants. Moreover, symptoms of depression in adoles-
cence were described in medical records and internalizing problems
were also reported to be present in some of the participants according
to the results of the questionnaires. As is the case with the cognitive
tasks, the norm groups for behavior questionnaires represent the
overall population (with an average intelligence). Since participant
3 has a profound ID, the fact that he displayed difficulties on all sub-
domains of behavioral functioning, may be related to his level of intel-
lectual functioning. The aforementioned behavioral problems in social
functioning may partly be explained by the increased risk of problems
in social behavior in patients with intellectual disability (Dekker, Koot,
Van der Ende, and Verhulst, 2002; Peijnenborgh et al., 2017). There-
fore, treatment and counseling for these behavioral problems can be
optimized by taking the level of developmental functioning into
account. In the same way, the slow speed of information processing
will have to be taken into account in patients with WITKQOS, especially
in educational settings. Moreover, specialized training of social skills
(e.g.emotion recognition and mentalization) as developed for individ-
uals with ASD, or non-verbal therapies focusing on the training of rec-
ognition and regulation of emotions, may help children with WITKOS
to become more engaged in more interaction with peers in order to
improve their social-emotional development. From adolescence
onwards, it is also important to actively monitor patients' moods, as
well as a possible tendency to withdraw from social situations.

A limitation of the current study is the small sample size and the
inevitable use of a convenience sample, although it is the only study
to-date that has included behavioral and cognitive measures.
Strengths of the study are: the unique, systematic description of
neurocognitive and behavior assessment of patients with WITKOS in
adolescence/early adulthood.

In conclusion, preliminary evidence for weaknesses in speed of
information processing/sustained attention and executive functioning
was found in participants with WITKOS. As for behavioral functioning,
social problems as well as internalizing symptoms were present, which
highlight the importance of early specialized training of social skills
and monitoring of social-emotional development in patients with
WITKOS.
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