Adult Phenotype of SYNGAPI1-DEE
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Abstract

Background and Objectives

SYNGAPI variants are associated with rare developmental and epileptic encephalopathies
(DEEs). Although SYNGAPI-related childhood phenotypes are well characterized, the adult
phenotype remains ill-defined. We sought to investigate phenotypes and outcomes in adults
with SYNGAPI variants and epilepsy.

Methods

Patients 18 years or older with DEE carrying likely pathogenic and pathogenic (LP/P) SYN-
GAP] variants were recruited through physicians’ practices and patient organization groups.
We used standardized questionnaires to evaluate current seizures, medication use, sleep, gas-
trointestinal symptoms, pain response, gait, social communication disorder and adaptive skills
of patients. We also assessed caregiver burden.

Results

Fourteen unrelated adult patients (median: 21 years, range: 18-65 years) with SYNGAPI-DEE
were identified, 11 with novel and 3 with known LP/P SYNGAPI de novo variants. One patient
with a partial exon 3 deletion had greater daily living skills and social skills than others with
single-nucleotide variants. Ten of 14 (71%) patients had drug-resistant seizures, treated with a
median of 2 antiseizure medications. All patients (100%) had abnormal pain processing. Sleep
disturbances, social communication disorders, and aggressive/self-injurious behaviors were
each reported in 86% of patients. Only half of adults could walk with minimal or no assistance.
Toileting was normal in 29%, and 71% had constipation. No adult patients could read or
understand verbal material at a sixth-grade level or higher. Aggressive/self-injurious behaviors
were leading cause of caregiver burden. The oldest patient was aged 65 years; although non-
ambulant, she had walked independently when younger.

Discussion

Seventy-one percent of patients with SYNGAP1-DEEs continue to have seizures when adults.
Nonseizure comorbidities, especially aggression and self-injurious behaviors, are major man-
agement challenges in adults with SYNGAPI-DEE. Only 50% of adults can ambulate with
minimal or no assistance. Almost all adult patients depend on caregivers for many activities of
daily living. Prompt diagnostic genetic testing of adults with DEE can inform clinical care and
guide outcomes of precision therapies.
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Glossary

ASD = autism spectrum disorder; ASMs = antiseizure medications; DBS = deep brain stimulation; DEEs = developmental and
epileptic encephalopathies; ID = intellectual disability; LP/P = likely pathogenic or pathogenic; RNS = responsive
neurostimulation; SCQ_= Social Communication Questionnaire; VNS = vagus nerve stimulation.

Introduction

The human SYNGAPI gene on chromosome 6p21.3 encodes
the synaptic RAS-GTPase-activating protein 1 (SynGAP),
which regulates cell growth and synaptic plasticity."” As a
highly enriched protein in excitatory glutamatergic synapses,
SynGAP is necessary for normal brain function by maintain-
ing a balance between excitation and inhibition.’

SYNGAPI variants were initially associated with nonsyndromic
intellectual disability (ID) (OMIM#306684).*” The link be-
tween developmental and epileptic encephalopathies (DEEs)
and SYNGAPI was first observed in 2013, when 7 unrelated
patients presented with epilepsy, delayed development in the
first years of life, autism spectrum disorder (ASD), and varying
degrees of ID.* Most patients with SYNGAPI-related DEE
harbor de novo heterozygous variants and present with varying
degrees of clinical severity.

In patients with ID without epilepsy, SYNGAPI pathogenic
variants have a prevalence of roughly 1:1,000 to 1:10,000,
comprising approximately 1% of all ID cases.®”’ Similarly,
when SYNGAPI variants were first linked to DEE, these
variants comprised approximately 1% of patients with DEE.®
Currently, only 13 adult patients, from 9 different studies,
have been reported in the literature (median: 25 years,
range: 18-33 years).> "¢

We evaluated an international group of adults with DEE and
likely pathogenic or pathogenic (LP/P) SYNGAPI variants.
Specifically, we investigated seizures, adaptive skills, social
communication skills, sleep, gait and gastrointestinal distur-
bances, pain tolerance, aggression, and behavior. Finally, we
evaluated the functional dependence of adult patients and
caregiver burden.

Methods

Study Population and Data Collection

We recruited patients aged 18 years or older with P/LP
SYNGAPI variants to participate in our study. Enrollment
was performed between July 2021 and February 2022. Pa-
tients were recruited through the investigator’s institutions,
and through the SYNGAPI Research Fund, across the fol-
lowing countries: Canada, the United States, Spain, and
Germany. Study materials were translated from English to
Spanish and German. The study was approved by the Re-
search Ethics Board with the University Health Network
(protocol 21-5009) in Toronto, Canada. Informed consent
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was obtained from the substitute decision makers of all
patients.

Clinical data were collected using these validated assessments
tools.

Severity of Clinical Outcomes

A modified version of the Severity Assessment’” tool was used
to determine a composite score of disease severity in patients.
The final severity assessment comprised 51 items that com-
prehensively describe seizures, treatment usage, gait, pain re-
sponsiveness, toileting, reflux, and abnormal sleep. Each item
consisted of a Likert scale rating. Ratings of therapy effective-
ness and the patient’s overall condition were also included. A
maximum score of 129/129 is indicative of the most severe
clinical phenotype. Seizures were classified according to the
2017 International League Against Epilepsy guidelines.'®

Social Communication Skills

The Social Communication Questionnaire (SCQ) (Lifetime
version) was used to screen for the presence of communica-
tion deficits suggestive of ASD. The Lifetime version yields a
Total Score that is interpreted with reference to cut-off scores.
Scores above the cutoff of 15 suggest that the patient is likely
to be on the autism spectrum and that a more extended
evaluation should be undertaken.

Adaptive Behavioral Abilities

The Vineland Adaptive Behavior Scales 3 was used to de-
termine adaptive behavior abilities in the following domains:
communication (receptive, expressive, and written), daily living
skills (personal, domestic, and community), socialization (in-
terpersonal relationships, play/leisure, and coping skills), mo-
tor ability (fine and gross motor), and maladaptive behaviors.
Raw scores were extracted from each domain, which were se-
lected due to floor effects found in age-wise comparisons. An
overall rating was given based on the patient’s results compared
with those of a norm sample, which is a representative group of
patients the same age from across the United States.

Statistical Analyses

Descriptive statistics were used to summarize clinical features
and characteristics of the patients in the study. The Kruskal-
Wallis test was used to compare assessment scores with var-
iant types (missense, nonsense, deletion, splice acceptor, and
frameshift where applicable) and affected functional domains.
Statistical significance was set to p < 0.0S, and statistical values
were not reported for nonstatistically significant findings.
Analyses were conducted using R, and figures were created
using GraphPad PRISM.
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Genotyping

The pathogenicity of SYNGAPI variants was interpreted
according to the American College of Medical Genetics and
Genomics guidelines.19 Each of the SYNGAPI variants was
also queried using the ClinVar database and GnomAD
browser database.?%?

Data Availability

Deidentified data may be provided on reasonable request.

Results

Description of Participants

Fourteen unrelated adult patients (9 female patients) partic-
ipated in the study, with a median age of 21 years (range:
18-65) (Table 1). Five patients had a family history of epi-
lepsy. All patients came from nonconsanguineous families. A
full table of genotypic and phenotypic data from previously
reported patients in the literature and patients from this study
is presented in eTable 1 (links.lww.com/NXG/A647).

Genotypic Spectrum

All patients had LP/P SYNGAP]I variants. Eleven are new, pre-
viously unreported variants. Three variants have been previously
reported in the literature.'"”'"**>** Eight of 14 patients had
frameshift variants. Five of 8 frameshift variants led to protein
truncation (nonsense). Another 3 patients had nonsense vari-
ants, one had a missense variant, and one had a splice acceptor
variant leading to exon skipping. One patient had an indel in
exon 3 of SYNGAPI. In all patients, the transcript analyzed was
the longest one: NM006772.2. Together, these 14 patients
harbored 11 novel (likely) pathogenic variants (Table 1).

Phenotypic Spectrum

Seizures

Overall, 10/14 (71%) patients had at least one type of seizure
in the past 12 months. Seven of 14 (50%) patients had on-
going nonconvulsive seizures (including eyelid myoclonia
with absence): yearly in one patient, monthly in another pa-
tient, weekly in 2 patients, and daily in 3 patients.

Four (29%) patients had convulsive seizures in the past 12
months. Of these patients, 3 had monthly convulsive seizures
and 1 patient had daily convulsive seizures.

Three (21%) adult patients had prolonged convulsive seizures
lasting over S minutes in the previous 12 months. One patient
had seizures associated with hyperventilation.

Disruptive isolated epileptic spasms in the past 12 months
were reported by 4 (26%) patients.

In this cohort of adult patients, there was a median lifetime of
4 antiseizure medications (ASMs) usage (range: 1-5+) and
median current usage of 2 (range: 1-5+) ASMs. There was
no reported current usage of ketogenic diet, vagus nerve
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stimulation (VNS), deep brain stimulation (DBS), or re-
sponsive neurostimulation (RNS) as treatment options, al-
though 1 patient had used ketogenic diet in the past. Thirteen
patients (93%) reported no use of rescue medications or
hospital visits for prolonged seizures. Four patients reported
no current usage of ASMs; however, only 2 of those patients
were seizure free without ASMs.

Comorbidities

Constipation, pain responsiveness, sleep disturbances, dis-
ruptive daytime sleepiness, gait, toileting, and reflux were
evaluated (Figure 1). Four of 14 patients (29%) had no
constipation; 9 patients (64%) had constipation that was
controlled either with or without medication over the pre-
vious 12 months. One patient had uncontrolled constipation
that was reported to be a key component to the patient’s

quality of life.

Reflux was absent in 9 (64%) patients; S (36%) patients had
reflux which was controlled with daily medication in 4/S pa-
tients. Toileting was normal in 4 (29%) patients, timed in S
(36%), and S (36%) patients required the use of diapers.

Pain responsiveness was abnormal in all patients; 4 (29%) had
delayed reactions to minor pain, S (36%) had delayed reac-
tions to major pain, whereas S (36%) had no response to
minor pain.

Sleep disturbances were present in 12 (86%) patients—only 2
(14%) patients had normal sleep with no issues. Daytime
sleepiness varied across the cohort, with 11/14 (79%) dis-
playing some form of sleepiness and fatigue that was disrup-
tive during the day.

Scoliosis and Walking Abilities

Mild scoliosis not requiring treatment was reported in 8/14
(57%) patients, with no patients requiring braces or surgery
(Figure 2). Walking abilities varied as 3 (21%) walked in-
dependently with minimal assistance and 4 (29%) walked
community distances with minimal assistance. Two (14%)
walked without assistance only on even surfaces. Another 2
patients (14%) could walk outdoors, but typically used
wheelchairs. One patient walked only indoors, while another
could only take some steps. The oldest patient (patient #1)
was nonambulant, although she was able to walk in-
dependently when she was younger.

Autism Spectrum Disorder

Twelve of 14 (86%) patients scored above the threshold on
the SCQ, indicating further evaluation for autism is required
(eTable 2, links.Iww.com/NXG/A648). In fact, 11 of these 12
patients already had a previous formal diagnosis of ASD, given
by a physician or health care provider. Specific characteristics
in this cohort included ritual-like behaviors (11/14,79%) and
specific interests with high intensity (11/14, 79%). Of rele-
vance, 12/14 (86%) patients showed self-injurious behavior,

e.g., head banging and biting oneself.
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Table 1 Demographics of 14 Adult Patients With SYNGAP1 Variants and Their Genetic Profiles (n = 14)

Patient Age  ASD diagnosis Family Exon Protein ACMG Variant previously
# Sex (y) (age of diagnosis) Ethnicity history # cDNA consequence Variant classification Inheritance interpretation reported?
1 F 65 Yes White No Exon8 ¢.1329_ p.Lys444Glyfs*27 Frameshift leading to Unknown Pathogenic No
1333delCAAGG truncation
2 M 20 Yes (2y) White No Exon8 ¢.781_784delGACA p.Asp261Metfs*3 Frameshift leading to De novo Pathogenic No
truncation
3 F 20 No White, Jewish Yes, sister Exon  ¢.3295delT p.Tyr1099Metfs*  Frameshift leading to De novo Pathogenic No
15 truncation
4 F 48 Yes Other No Exon8 c.870del p.Tyr291fs Frameshift De novo Pathogenic No
5 F 24 Yes (5y) White Yes, half sister ~ Exon  c.2019delA p.Thr674Profs*36 Frameshift leading to De novo Pathogenic No
12 truncation
6 F 19 Yes South Asian, Latino/ Yes, maternal Exon8 c.1167_1168del p.Gly391fs Frameshift De novo Pathogenic Jimenez-Gomez et al.
Hispanic uncle (2019)
7 M 23 Yes White N/A Exon  ¢.3233_ p.Val1078fs* Frameshift leading to De novo Pathogenic No
15 3236delTCAG truncation
8 F 20 Yes Latino/Hispanic Yes, Exon  c.2526dup p.Met843Hisfs*7  Frameshift leading to De novo Likely No
grandmother 15 truncation pathogenic
9 F 23 Yes White, Latino/Hispanic  Yes, cousin Exon  c.4006G>A p.Glu1336Lys Missense De novo Likely No
19 pathogenic
10 F 20 No White No Exon5 c.403C>T p.Arg135* Nonsense De novo Pathogenic Mignot et al. (2016)
1 F 22 Yes Latino/Hispanic No Exon  c.1861C>T p.Arg621* Nonsense De novo Pathogenic Aguilera et al. (2021)
11 Verma et al. (2020)
12 M 20 Yes White No Exon  c.3227delT p.Leu1076* Nonsense De novo Pathogenic No
15
13 M 18 No White No Exon3 ¢.190-15_ — Insertion/deletion (indel)  De novo Pathogenic No
206delins28
14 M 22 Yes White, Jewish N/A — ¢.1532-1G>C — Splice acceptor leading to  De novo Likely No
exon 10 skipping pathogenic

Abbreviations: ASD = autism spectrum disorder; F=Female; M = Male; N/A = not available.
Sex, age, ASD diagnosis, family history of epilepsy, and ethnicity are listed when provided. Information on the genetic variant, molecular consequences, inheritance, and interpretation from a patient's genetic report is provided.
The zygosity of all variants was heterozygous.
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Figure 1 Summary Graphs of Various Clinical Features in Adults With SYNGAP1

A. Constipation (n = 14)

B. Pain responsiveness (n = 14)

C. Sleep disturbances (n = 14)
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Severity assessment results regarding: (A) constipation, (B) pain responsiveness, (C) sleep disturbances, (D) daytime sleepiness, (E) toileting, and

(F) reflux (n =14).

Adaptive Behavioral Abilities

Adaptive behavioral abilities were varied among SYNGAPI-
DEE patients. Domain level scores are presented in eTable 2
(links.lww.com/NXG/A648). There were no statistically
significant differences between clinical findings and geno-
types, except for one patient, a 19-year-old man carrying an
indel of SYNGAPI exon 3 (c.190-15_206delins28). This pa-
tient demonstrated an elevated ability to perform daily living
skills. He also exhibited stronger social skills and abilities to
pursue relationships, compared with the rest of the cohort.
Although his overall summary score for adaptive behaviors
was moderately low for his age, all other patients in this cohort
had lower scores compared with normative data. Nine pa-
tients (64%) were able to feed themselves with a fork and
spoon. Twelve (86%) were cooperative in personal activities,
such as undressing, dressing, and washing of the hands and
face. Of the 9 patients who were able to dress themselves,
none could use zippers (Table 2).

Neurology.org/NG

With respect to gross and fine motor skills, 11 (79%) patients
were able to sit unsupported for at least 10 minutes, 12 (86%)
could walk upstairs, and 11 (79%) could walk downstairs.
Seven (50%) could jump off the ground with both feet.
However, no patient had the ability to manipulate very small
objects.

Regarding language and learning abilities, 7 (50%) patients
could talk using short phrases or sentences. However, all
patients were responsive to caregivers, could recognize their
own names, and respond to one-word actions. Eight patients
(57%) could identify all letters of the alphabet, but only 2
(14%) could sometimes write at least 10 simple words from
memory. Although 7 patients (50%) could read at least 10
words, only S (36%) could read simple sentences out loud and
just 3 (21%) could read simple stories out loud. No adult
patients were able to read or understand material at a sixth-
grade level or higher.
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Figure 2 Walking Abilities of Adult Patients With SYNGAP1-DEE
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Maladaptive Behaviors

Physical aggression, temper tantrums, and neediness were
observed in 11 (79%) patients. Ten patients (71%) disobeyed
those in authority and had eating problems, such as a refusal to
eat or overeating. Loss of awareness regarding surroundings
was identified by caregivers in 12 (86%) patients.

Negative findings included no lying and breaking rules/laws
because of peer pressure, no harming animals, or interest in
extreme violence. Furthermore, there were no reports about
holding untrue beliefs or talks about auditory/visual halluci-
nations. One patient expressed feelings of helplessness/
hopelessness, and another patient has threatened to hurt/kill
someone in the past.

Longevity

This study features the oldest SYNGAPI-DEE patient cur-
rently reported in the literature, a 65-year-old White woman
carrying a pathogenic frameshift variant (p.Lys444Glyfs*27)
of unknown inheritance.

Table 2 Comparison of Daily Living Abilities Between
Pediatric Patients and Adult Patients With
SYNGAP1 Variants

SYNGAP1
pediatric  Current study
patients (SYNGAP1 adult
Daily living ability (n=13)° patients) (n = 14)
Speak in short phrases or sentences 39% 50%
Eating independently 62% 64%
Collaborative during personal hygiene 40% 86%
Simple dressing unassisted 39% 64%

Adults may be more independent than pediatric patients but are still low
functioning for their age.

a FindZiAngs for SYNGAPT pediatric patients were extracted from Lo Barco
etal.
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This patient experienced her first seizure at age 7 months. She
developed absence seizures and generalized tonic-clonic sei-
zures that were drug resistant. At age 18 years (several years
before receiving the SYNGAPI genetic diagnosis), she un-
derwent a frontal lobe resection for the treatment of seizures.
Unfortunately, the surgery was unsuccessful. She has never
had the ketogenic diet, VNS, or DBS/RNS. By age 65 years,
her caregiver reported daily absences with eyelid myoclonia
induced by sounds and lights and daily isolated epileptic
spasms that are disruptive to the patient and/or family. Other
convulsive seizures had not occurred in over a year, and no
prolonged seizures lasting more than 5 minutes were reported
in the previous 6 months. The caregiver’s impression of sei-
zures in the past 12 months was of worsening seizures, with
daily seizures that are disruptive to daily life.

This patient has moderate intellectual disability and has re-
ceived a formal diagnosis of autism spectrum disorder. She is
at present wheelchair-bound, has feeding/swallowing issues,
and is unable to consume previously enjoyed foods due to
choking hazards. Other clinical features of concern include
uncontrolled constipation and toileting accidents. Daytime
sleepiness is disruptive throughout most of the week, and the
patient often arouses from sleep more than once per week.
Overall, the caregiver reported a “really worse” patient con-
dition compared with the first 10 years of life, particularly
pertaining to motor ability. Some key maladaptive behaviors
reported included a tendency to harm herself, frequent threats
to hurt or kill someone, lose awareness of surrounding, and
fixation on a specific topic.

Discussion

In this study, we present molecular and clinical information
on 14 adults with SYNGAPI-DEE, the largest such cohort yet
to be reported. Of the 14 adult patients included in this study,
11 had previously unreported likely pathogenic or pathogenic
SYNGAP]I variants. One patient with an indel of SYNGAPI

Neurology.org/NG
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exon 3 had stronger daily living skills and social skills in-
cluding abilities to pursue relationships, compared with the
rest of the cohort who had frameshift, missense, nonsense,
and splice acceptor site variants affecting exons 3 to 19.

Half of the adult patients were free of convulsive seizures.
Four patients were free of all types of seizures in the previous
12 months, and 2 of those 4 were off ASMs. In previous
reports, only 19% of patients 7 years and older were seizure-
free."® On one end of the spectrum, 28% of adult patients in
our study are seizure-free; on the other end, 21% of these
adults still have prolonged convulsive seizures, which repre-
sent a significant morbidity.”"

Abnormal pain responsiveness was observed in 100% of adults,
making it more common than previously reported in chil-
dren.'® Although it is possible that the pain threshold may
change over time, methodological differences could also have
led to this finding. For example, previous studies evaluated
severely abnormal pain responsiveness (e.g, to broken
bones),"® while we also asked about mild nociception abnor-
malities. The precise mechanism leading to abnormal noci-
ception is unclear, but Syngap1 mouse models reveal that touch
is weakly encoded in upper-lamina neurons in the somato-
sensory cortex, 1eading to improper sensory processing.24

Self-injury behaviors were previously observed in children
with SYNGAP1.'"'*1® However, our findings showed a
whopping 86% prevalence of self-injury in adults with this
condition. Self-injury has been noted in patients with DEE as a
whole, but it seems to be less prevalent compared with
SYNGAPI-DEE. For example, only 28% of patients with Rett
syndrome may have externalizing behavioral issues, such as
self—injury.zs’26 Similarly, one cohort of adult patients with
Dravet syndrome saw self-injurious behaviors in 31% of pa-
tients.”” Self-injury and aggression are rarely observed in pa-
tients with CDKLS variants."” Finally, an evaluation of adults
with KCNQ2-DEEs found that 31% of patients demonstrated
self-injurious behaviors.”®

It is unclear why most adults with SYNGAPI-DEE show self-
injurious behavior. One potential mechanism could include a
relationship to abnormal sensory perception of self-harming
behavior as a form of self-stimulation. While ASMs are gener-
ally well tolerated in several forms of DEEs,*® one patient in our
study showed some behavioral improvement after discontinu-
ing an ASM. Similarly, one adult in the literature discontinued
levetiracetam at age 13 years due to behavioral issues.'* Given
the caregiver burden associated with neurobehavioural chal-
lenges in patients with DEEs, considerations for behavioral
changes when selecting an ASM may be worthwhile.>*3!

The prevalence of ASD diagnoses is greater in adults (79%)
with SYNGAPI-DEE than previously reported for children
(53%)."° The reasons for this discrepancy are unclear. Re-
gardless, ASD emerges as a key finding in adults, aligning with
other adults in the literature exhibiting autistic features, such
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as stereotypies.”">'* Other behavioral issues, such as ag-
gression, temper tantrums, and obsessive behaviors, align with
previous reports in both children and adults.""'*¢

The daily living abilities of adult SYNGAPI-DEE patients
have not been previously explored. We found that all adults in
our cohort had below average adaptive skills, at similar levels
to pediatric SYNGAP1 patients.*® While direct comparisons
cannot be made due to different assessment tools used in each
study, Table 2 presents a brief summary of the daily living
abilities of pediatric patients (range: 3.7-17.7 years) as
reported by Lo Barco et al. and the adults of this study.*
When compared with the pediatric sample, 25% more adults
were able to dress themselves with assistance, pointing toward
possible improved daily living abilities across the life course.
The proportion of patients able to feed themselves was similar
in both pediatric and adult patients (~60-70%), suggesting
that these skills may be preserved into middle age. Of interest,
a slightly higher proportion of adults could speak using short
phrases or sentences compared with pediatric patients. This is
in contrast to adults previously presented in the literature,
where speech was either absent or, at most, of the ability of a
l-year-old.">' V'

The exact reason for the improvement in daily living abilities
compared with pediatric patients is unknown. However, in
other DEEs, such as Dravet syndrome, seizure freedom has
been associated with improved everyday executive function-
ing of children and young adults.>*** Although direct com-
parisons cannot be made, it is possible that this may be the
case in some adults with SYNGAPI. Longitudinal studies
would be required to confirm this relationship.

Regarding sleep, our findings align with previous research
observing sleep disturbances in SYNGAPI-DEE pediatric
patients, particularly difficulties initiating and maintaining
sleep.'®** Other studies of adult cases in the literature report
insomnia and night-time awakenings."' As such, sleep dis-
turbances and daytime sleepiness may be important features
that warrant continuous monitoring and treatment as patients
age. The reasons for sleep problems are unclear, but studies of
adult mice have shown that SYNGAPI’s abnormal interictal
epileptiform discharges can increase during sleep and in-
terrupt sleep architecture.> It is possible that a similar path-
ophysiology underlies the sleep problems in adult patients.

As seen in other DEEs, walking may be worse in adults.*® In
this cohort, only 50% of patients could walk with minimal or
no assistance, and the oldest patient (age 65 years) is
wheelchair-bound, although she had been able to walk when

younger.

Most patients with SYNGAPI LP/P variants diagnosed today
are children. This is in part due to the recency of our
knowledge of this gene as a cause of DEE. As such, when
parents of newly diagnosed SYNGAPI-DEE children ask
about longevity, there are no definitive answers. Here, we
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describe the natural history of the oldest patient with SYN-
GAPI1-DEE reported so far, aged 65 years.

Although this is the largest cohort of adult patients with SYN-
GAPI-DEE yet studied, the sample size is small, and only 2
patients were older than 24 years. This might be in part due to
the relatively recent recognition of SYNGAPI gene variants as a
cause of DEEs and adults not receiving up-to-date genetic test-
ing.> As with any caregiver reported outcome, findings may be
subject to recall bias. This study did not track specific ASM
usage. Studies are needed to examine the efficacy of drugs, as
there is no standardized ASM management of SYNGAPI-DEE
patients. Conclusions about adults with SYNGAPI-DEE will
require large numbers and detailed longitudinal follow-up data,
ideally in a prospective study.

This is the study of adult patients with SYNGAPI-DEE. The
detailed characterization of the natural history of this condi-
tion, including seizures, communication skills, pain re-
sponsiveness, sleep, digestive issues, gait abnormalities, and
other comorbidities, may help to identifying adults with DEE
who so far lack genetic diagnosis. We also report the adaptive
behavioral abilities of adults, allowing caregivers an opportu-
nity to help plan for future care as SYNGAPI-DEE patients
enter adulthood.

In this study, we also report the oldest SYNGAPI-DEE patient
in the literature and the first view into possible longevity
issues. Further studies in larger groups of adults are still
necessary to have a more comprehensive view of the natural
history of this condition. Encouraging genetic (re)testing of
adults with undiagnosed epilepsies may contribute to these
efforts.
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