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Abstract
DeSanto-Shinawi (DESSH) 

syndrome is a rare autosomal 
dominant condition caused 
by pathogenic variants in the 
WAC gene. DESSH syndrome 
was first identified in 2015 
in six patients, but has since 
been diagnosed in more than 
200 individuals worldwide. 
Patients exhibit a variable 
degree of developmental 
delay (DD), intellectual 
disability (ID), hypotonia, 
gastrointestinal and eye 
abnormalities, epilepsy, 
behavioral difficulties, and 
recognizable facial features. In
order to educate families and 
address the complex medical 
needs of the increasing number 
of patients with DESSH 
syndrome, we established a 
new multidisciplinary clinic 
at Washington University 
in St. Louis. The first clinic 
was held in September 2022 
and attended by 15 patients 
and their families. Herein, 
we report the structure of the 
clinic and present the main 
clinical findings of these 
patients. This pilot experience 
highlights the utility of a 
multidisciplinary approach to 
evaluating individuals with 

rare genetic diseases and the 
value of collaborating with 
family support groups to 
establish multidisciplinary 
clinics for these disorders, and 
provides guidance for future 
clinic planning. 

Introduction 
In 2015, six individuals 

with heterozygous loss-of-
function pathogenic variants 
in the WW domain containing 
adaptor coiled coil (WAC) gene 
were identified by whole exome 
sequencing.1 The individuals 
in the initial cohort exhibited 
developmental delay, hypotonia, 
behavioral problems, eye 
abnormalities, GI problems 
including constipation and 
feeding difficulties, seizures, and 
sleep problems.1 Characteristic 
facial features such as broad/
prominent forehead, synophrys 
and/or bushy eyebrows, 
depressed nasal bridge and 
bulbous nasal tip were also 
observed among all individuals. 
The recognizable facial gestalt 
and the constellation of findings 
associated with pathogenic 
variants in WAC highly 
suggested a new syndromic 
intellectual disability condition 

This highlights the utility 
of a multidisciplinary 
approach to evaluating 
individuals with rare 
genetic diseases and the 
value of collaborating with 
family support groups to 
establish multidisciplinary 
clinics for these disorders, 
and provides guidance for 
future clinic planning. 
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which later was named DeSanto-Shinawi (DESSH) 
syndrome (OMIM #616708) or WAC-related 
intellectual disability.2 

Since DESSH syndrome was first reported,1 
39 additional individuals have been reported.3–13 
However, it is estimated that more than 200 
individuals worldwide have been diagnosed with 
this condition. Additional reports describing 
DESSH syndrome have allowed for further 
characterization of individuals with this 
condition. It became clear that children with 
DESSH syndrome exhibit varying degrees of 
developmental delay and intellectual disability. 
Although almost all children display speech or 
motor delay and the majority of individuals 
have intellectual disability, affected individuals 
may have low normal range cognitive abilities.1,5 
Children often have a variety of behavioral 
difficulties including anxiety, ADHD, and 
aggression. Autism and autistic features are also 
common features in affected individuals.  Epilepsy 
has been reported in individuals with DESSH 
syndrome;10,14 the seizures often occur during sleep 
and may be associated with focal epileptiform 
discharges and continuous spike-wave on EEG.4,6,7 
Structural brain anomalies (e.g., hydrocephalus, 
corpus callosum hypoplasia, pineal cyst and Chiari 
malformation type 1, etc.) have been reported.4  

Eye problems including myopia, hyperopia and 
strabismus have also been reported.1,8 Frequent 
respiratory infections, skin infections, and 
hypogammaglobulinemia have been detected in 
DESSH individuals.5,8,9

The WAC gene (OMIM *615049) maps to 
the 10p12.1 region and encodes 647 amino acid 
protein called WW domain-containing adapter 
protein with coiled-coil.15,16 Most disease-causing 
variants in WAC are predicted to cause loss 
of function and haploinsufficiency; however, 
a missense variant has been reported in one 
individual with DESSH syndrome.3 There are 
individuals with microdeletions encompassing the 
short arm of chromosome 10 at 10p12p11 who 
also exhibit similar manifestations to individuals 
with DESSH syndrome secondary to single 
nucleotide variants, though larger deletions are 
typically associated with more severe clinical and 
developmental findings. 6,8,17 

The WAC protein is mainly located in the 
nucleus but also found in Golgi18 and is involved 
in several cellular functions and pathways. It is 
expressed in all adult and fetal tissues but highest 
expression is found in the cerebellum.  It regulates 
transcription elongation through histone H2B 
monoubiquitination and in vitro studies showed 
that loss of WAC function results in decreased 
H2B ubiquitination and subsequently inhibition 
of gene transcription.19 WAC also regulates p53-
dependent cell-cycle checkpoint activation after 
DNA damage. While, this may implicate DESSH 
patients are at a higher risk of malignancy, this 
has not been reported.2,3 In addition, WAC 
is involved in microtubule generation, Golgi 
apparatus reformation, autophagy regulation, 
autophagosome formation, and mTOR signaling 
pathway.20,21 Given the multiple roles of the WAC 
protein and its ubiquitous expression in the body, 
it is not surprising that dysfunction of WAC 
results in disease affecting several organ systems.  

Here, we describe our experience building 
a multidisciplinary clinic for individuals with 
DESSH syndrome and present a detailed clinical 
characterization of 15 individuals with this 
condition who attended our inaugural clinic in 
2022.

Methods 
To address the complex medical needs of 

patients with DESSH syndrome and to further 
explore the DESSH phenotype, in September 
2022, Washington University School of 
Medicine (WUSM) and St. Louis Children’s 
Hospital in collaboration with the DESSH 
Foundation (https://www.dessh.org/) hosted 
the first DESSH clinic in St. Louis, Missouri.  
A multidisciplinary team including genetics, 
neurology, ophthalmology, and neuropsychology 
evaluated each individual. Of the 15 individuals 
who traveled to the clinic, 13 patients came 
from USA, one from Germany, and one from 
Australia. The guardians of the individuals signed 
consents form to participate in research approved 
by Washington University Institutional Review 
Board. Biospecimens were obtained for research 
purposes. At the conclusion of the clinic, families 
were invited to stay for an additional day where 
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the DESSH Foundation hosted the DESSH 
Family Conference at WUSM, where experts 
presented educational materials and discussed 
the condition with families and answered their 
questions.  Demographic, clinical and neurological 
data were pulled from each of the specialty note 
visits to determine the prevalence of various 
aspects of the DESSH phenotype. 

Results
Each individual was examined and assessed 

by all four specialty teams. The duration of each 
specialty visit ranged from 20 to 60 minutes, and 
the clinic lasted for 2 days. The genetics team 
counseled the parents about the genetic results, 
recurrence risk, and the phenotypes associated 
with DESSH syndrome. Other specialty teams 
discussed their recommendations with families 
and issued clinic notes to be shared with each 
individual’s local providers. The mean age of 
individuals who attended the clinic was 9.27 +/- 
4.26 years (Range 3 y 1 month, 18 y 4 months). 
Eight of the individuals were females and seven 
were males.  All individuals were previously 
diagnosed by their medical teams with DESSH 
syndrome at a mean age of 5 y 7 mo (range 3mo-
16 yo) based on clinical exome sequencing (n=13), 

neurodevelopmental expanded panel (n=1), and 
chromosomal microarray analysis (CMA) (n=1). 
For 12 individuals, parental testing has been 
completed; the pathogenic variant was de novo in 
11 and maternally inherited in one individual.  
All patients had heterozygous loss of function 
pathogenic variants in WAC. Eight of these 
variants were frameshift, four nonsense, and two 
splicing. In addition, one female individual had a 
715 Kb deletion encompassing the WAC gene on 
10p12.1 (28,637,557-29,352,961; hg19).  

All patients experienced gross motor, fine 
motor, and speech delay (15/15) (Figure 1) as well 
as characteristic facial features (Figure 2). Nine 
patients had formal cognitive testing based on 
which they displayed mild to moderate intellectual 
disability (mean Intelligence Quotient=66; 
range:51-81; n=7; 2 additional patients diagnosed 
with moderate ID using other tools). Expressive 
language delay, within the realm of a speech 
apraxia, in early childhood and fine motor 
delays were particularly common.  Hypotonia 
was also a common finding in infancy and early 
childhood, occurring in 14 out of the 15 patients 
in this cohort. Ninety-three percent of patients 
experienced behavioral problems (Figure 3) 
including obsessive compulsive disorder (OCD) 

Figure 1. 
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(67%), attention deficit hyperactivity disorder 
(ADHD) (60%), autism or autistic traits (40%), 
anxiety, aggressive behaviors and impulsivity.  
Eighty percent of children in this cohort 
experienced sleep disturbances including difficulty 
falling asleep, multiple awakenings, and sleep 
apnea.  Gastrointestinal problems were reported 
in 73% of the patients including constipation, 
gastroesophageal reflux, and feeding difficulties. 
Eye findings were also common and detected in 
67% of patients and included strabismus (53%), 
astigmatism (13%), and cortical visual impairment 
(13%). Forty-seven percent of individuals 
experienced seizures and seven out of the 13 
individuals who underwent brain imaging (53%) 
had nonspecific MRI findings. Interestingly, five 
out of the seven individuals with epilepsy had 
brain abnormalities; this correlation may suggest 
a higher seizure risk among individuals with 
structural brain abnormalities. 

All patients displayed recognizable facial and 
physical features.  Common findings included 

Figure 2 A, B, C.
syndrome. A. A 16-year-old boy with facial differences 
that are typical for DESSH syndrome including broad 

straight eyebrow. B. Hirsutism is a common feature in DESSH 
syndrome as illustrated here on the back of a 6-year-old 
girl. C. Foot and toe anomalies are being increasingly 

deformity and 2-3 toe syndactyly.   

Figure 3
disorder; OCD-obsessive compulsive disorder; SIB- self injurious behavior. 
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deep set eyes (100%), hirsutism and/or low 
hairline (100%), thickened eyebrows (80%), 
broad forehead (60%), depressed nasal bridge 
(53%), synophrys (53%), wide mouth and dental 
anomalies (47% each). 

At the conclusion of the multidisciplinary 
clinic, families were invited to stay for the 
DESSH Family Conference hosted by the DESSH 
Foundation. Expert speakers gave talks to families 
attending the event regarding the genetic aspects 
of DESSH syndrome, ongoing molecular research 
utilizing animal and in vitro models, and the 
neurological manifestations, ophthalmological 
findings, and psychiatric/psychological difficulties 
associated with this syndrome (Figure 4). This 
conference provided families with the opportunity 
to speak with experts and ask questions about 
interventions and management options, and it 
enabled experts to engage with each other to 
discuss research opportunities to advance the 
molecular understanding of this disorder.  Overall, 
feedback from families indicated the success of this 
multidisciplinary model. 

Discussion 
DESSH syndrome is a rare autosomal 

dominant syndromic intellectual disability 
condition caused by pathogenic variants in 
the WAC gene resulting in characteristic facial 

features, variable degrees of developmental delay/
intellectual disability, hypotonia, and behavioral 
problems. We also show high prevalence 
in our cohort of gastrointestinal problems, 
ophthalmological findings, nonspecific brain MRI 
abnormalities and epilepsy.  

We show that the complex problems and 
needs of individuals with DESSH syndrome can 
be evaluated successfully in a multidisciplinary 
setting. Such multidisciplinary clinics for rare 
diseases will help pave the way for medical 
professionals to develop expertise in rare 
conditions. In addition, this pilot experience 
highlights the value of collaborating with family 
support groups and provides guidance for future 
DESSH clinic planning. Furthermore, the 
collection of biospecimens will serve as a platform 
for the establishment of a sizeable repository 
that will benefit researchers looking into this 
condition. 

The limitations of this study included a 
relatively small sample size, which limited the 
power of our statistical analysis. Although 
all individuals had a uniform assessment by 
same medical professional, a formal cognitive 
assessment has not been conducted due to time 
constrains in the clinic.  There may have been a 
bias in the selection of individuals attending the 
clinic based on the severity of their condition or 
epilepsy. 

We plan to study larger cohorts of individuals 
with DESSH syndrome in subsequent clinics to 
understand the full spectrum of manifestations 
and investigate potential genotype phenotype 
correlation. In the future, questionnaires 
distributed to parents will be used to assess utility 
of this clinic from the viewpoint of the families. 
Formal neuropsychological evaluation, either as 
part of the multidisciplinary clinic or through 
an evaluation collaborative, can help to further 
characterize the cognitive phenotype beyond 
diagnoses of intellectual disability, as well as better 
delineating the specific behavioral phenotype 
of DESSH syndrome, as has been the case for 
other intellectual disability syndromes.22, 23 It is 
important also to evaluate adult individuals with 
DESSH syndrome to understand the natural 
history of this condition focusing on signs 
or symptoms of developmental regression or 

Figure 4. Dr. Margaret Reynolds presented a talk at the DESSH 

individuals with DESSH syndrome.
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neurodegeneration. There is a great need to study 
the effect of early therapeutic interventions on 
ameliorating the neurobehavioral abnormalities 
and medical treatments (e.g., medications for 
ADHD and anxiety) on improving neurocognitive 
outcomes. To accomplish these objectives, it is 
crucial to research in depth the functions of WAC 
and the pathophysiology of DESSH syndrome 
in model organisms and in vitro systems. We 
anticipate that the utilization of available 
resources, including the DESSH clinic, and 
opportunities in science, which will be enhanced 
by the biorepository collection, will advance our 
efforts toward the long-term goal to find a cure for 
DESSH syndrome. 
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