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STXBP1: fast-forward to a brighter future

STXBP1-related disorder (STXBP1-RD) is a rare and severe brain condition. It causes 
delays in development, learning problems, seizures starting at an early age, movement 
challenges, and sometimes autism. The main problem comes from a new mutation in the 
STXBP1 gene, which makes a protein needed for brain cells to communicate properly. 
When this gene doesn’t work right, there’s not enough of the protein, leading to trouble 
with brain cell communication. To help families dealing with this disorder and speed up 
the search for effective therapies, the STXBP1 Foundation started in 2017. At first, they 
funded studies to understand the disease better and create models for testing treatments. 
Then, in 2023, they launched the STXBP1 Fast Forward Strategic Plan. This plan includes 
studying how the disorder progresses naturally and researching markers that could help 
develop precise treatments for STXBP1-RD.
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Abstract:  Syntaxin-binding protein 1 related disorder (STXBP1-RD) is a rare neurologic 
disorder associated with global neurodevelopmental delay, intellectual disability, early-onset 
epilepsy, motor abnormalities, and autism. The underlying pathophysiology stems from a de 
novo mutation in the STXBP1 gene, which codes for the STXBP1 protein. The STXBP1 protein 
is involved in synaptic vesicle fusion and neurotransmitter release. Pathogenic variants in 
the STXBP1 gene generally result in haploinsufficiency, an impairment in neurotransmitter 
release, and subsequent dysfunction in neuronal communication. The STXBP1 Foundation 
was founded in 2017 to support families of children with STXBP1-RD and accelerate the 
development of effective therapies and, ultimately, a cure for the disorder. The Foundation 
initially supported research aimed at better understanding the complex phenotypic 
presentation of the disease as well as the development of animal and cellular models 
usable by the research community to more fully characterize STXBP1 function and disease 
pathogenicity. In 2023, the Foundation embarked on its STXBP1 Fast Forward Strategic Plan, 
which includes a prospective natural history study and substantive biomarker work to drive 
forward the development of new precision therapies for STXBP1-RD.
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An overview of syntaxin-binding protein  
1 related disorder
In 2008, five patients with Ohtahara syndrome, a 
severe, early-onset epilepsy characterized by a 
suppression-burst pattern on electroencephalo-
gram (EEG) and severe psychomotor retardation, 
were described with a variety of pathogenic vari-
ants in the syntaxin-binding protein 1 gene 
(STXBP1), including missense, frameshift, splice 
site, and nonsense variants.1 Soon after, patients 
presenting with other early-onset epileptic 
encephalopathies, including West syndrome, 
Lennox-Gastaut syndrome, and Dravet syn-
drome, were identified with STXBP1 variants.2–4 
Since then, a variety of de novo variants in the 
STXBP1 gene have been found in individuals, 
resulting in severe encephalopathies with a diverse 
set of phenotypes.5–8 A recent estimate of the inci-
dence of syntaxin-binding protein 1 related disor-
der STXBP1-RD is approximately 1:30,000 
births9 and STXBP1 is the fifth most implicated 
gene associated with epileptic developmental dis-
orders,10 suggesting that the disease is not as rare 
as once believed.

The STXBP1 gene (also known as MUNC18-1), 
located on chromosome 9q34.1, codes for the 
protein STXBP1. The STXBP1 protein is 
involved in synaptic vesicle fusion with the neu-
ronal cell membrane via its multiple interactions 
with the soluble N-ethylmaleimide sensitive fac-
tor adaptor protein receptors (SNAREs) com-
plex, and thus vital for neurotransmitter release.11 
The evolutionary importance of STXBP1 func-
tion is illustrated in several animal models. 
Deletion of Stxbp1 in mice or its homolog gene, 
ROP, in Drosophila results in loss of neurotrans-
mitter release, neuronal degeneration, and early 
death.12,13 Interestingly, knockout mice die 
shortly after birth but have normal brain architec-
ture development during embryogenesis. Loss of 
function variants in either of the zebrafish 
homologs, Stxbp1a or Stxbp1b, lead to lack of 
movement, reduced brain activity, and early fatal-
ity or reduced locomotor activity and spontane-
ous electrographic seizures respectively14 and 
inactivation of the homolog gene in Caenorhabditis 
elegans (Unc-18) causes paralysis.15 The primary 
mechanism of disease formation is haploinsuffi-
ciency, and in animal models, haploinsufficiency 
has been demonstrated to recapitulate several 
patient phenotypes.16,17

Virtually all STXBP1-RD patients demonstrate 
developmental delay and intellectual disability, 
the majority of whom can be classified as severe 
to profound. Approximately 85–90% of patients 
have some form of epilepsy, which usually mani-
fests within the first year. Several types of seizures 
have been reported in individuals, with the most 
common being focal-onset seizures, generalized-
onset seizures, and epileptic spasms.8 About 90% 
of patients have other neurological features such 
as dystonia, spasticity, ataxia, hypotonia, and 
tremors, and behavioral issues, including hyper-
activity, anxiety, aggressiveness, and autism 
which are common occurrences in subsets of 
patients. Significant impacts of the disease include 
loss of autonomy, difficulties in socialization and 
schooling for the patients, and emotional and 
daily life activities for the caregivers.18

The STXBP1 Foundation
The STXBP1 Foundation was founded in 2017 
by six families with the mission of accelerating 
effective treatments for STXBP1-RD while sup-
porting patients and families today. With a prior-
ity focus on advancing research, the Foundation 
formed a Scientific Advisory Board in January 
2018 to guide research plans. At the first-ever 
global STXBP1 researcher meeting, convened 
June 2019, we held a set of breakout sessions to 
build our first set of research priorities, which 
included: (1) the need for a regulatory-compliant, 
prospective natural history study; (2) open access 
to standardized animal models and other tech-
nologies; (3) a better understanding of the biol-
ogy and phenotypic expression of STXBP1 within 
humans and model species; and (4) a better 
understanding of the effects of STXBP1 protein 
overexpression.

These four priorities saw significant advancements 
over the next 3 years. Early on, the research and 
clinical communities realized that significant 
groundwork was needed before a robust longitu-
dinal prospective natural history study could be 
launched. There were questions concerning the 
breadth of symptoms experienced by STXBP1-RD 
patients and a concomitant uncertainty of what 
behavioral domains are most affected and how 
best these domains should be assessed. Multiple 
studies to characterize STXBP1-RD were con-
ducted, including retrospective natural history 
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analyses to better understand the broad pheno-
typic spectrum observed in patients8,19–22 and the 
establishment of a disease concept model to assess 
the lived experience of individuals with 
STXBP1-RD and their families.18 These studies 
have provided a much clearer picture of the 
STXBP1-RD landscape, including a better appre-
ciation of the significant phenotypic heterogenic-
ity observed in the patient population, the first 
impressions of potential genotype/phenotype rela-
tionships in regard to seizure types experienced in 
the patient population, and an initial assessment 
of clinical outcome measures that could be uti-
lized in the STXBP1-RD population in a prospec-
tive natural history study and future drug trials. 
The additional clinical knowledge learned during 
these 3 years also led the Foundation to request 
and engage in an FDA Patient Listening Session 
in April of 2022 as an initial step to help the 
Agency begin to better understand the complex 
nature of STXBP1-RD.

In addition to characterization of patient popu-
lations, an expansion in the number of STXBP1 
animal and in vitro models grew significantly, 

and characterization of models has been  
undertaken. Today, animal models exist for  
C. elegans, zebrafish, drosophila, mice, and  
macaques,14,17,23–25 and numerous patient-
derived and clustered regularly interspaced short 
palindromic repeats (CRISPR)/Cas9-derived 
induced pluripotent stem cell (iPSC) lines 
became available (Figure 1). The open-access 
approach outlined at the 2019 meeting has been 
borne out in models being deposited at Jackson 
Labs and shared via material transfer agree-
ments. Today, a list of available animal models 
and iPSC lines is found on our website (www.
stxbp1foundation.org). The commitment of the 
research community to open access has acceler-
ated research in this ultrarare disease.

The mechanism of STXBP1’s role in neuro-
transmitter release as part of the SNARE com-
plex has been well established for over a 
decade.11,26,27 As the protein continues to be 
studied, additional roles for STXBP1 have been 
suggested, including roles in cellular protein 
trafficking22,28,29 and in regulation of the neu-
ronal transcriptome.30,31 An increase in STXBP1 

Figure 1.  Model systems to study STXBP1-RD biology and pathology. A range of in vitro and in vivo model 
systems are necessary to fully study the biology and function of the STXBP1 gene and protein and understand 
the effects of various genomic variants on basic function and subsequent pathologies. Examples of variants 
available, as of December 2023, for different model systems are shown.
STXBP1-RD, syntaxin-binding protein 1 related disorder.
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protein has been observed in neurological disor-
ders, including schizophrenia and multiple scle-
rosis,32 and overexpression of munc18-1 in 
transgenic mice has been associated with schiz-
ophrenia-like behavioral abnormalities.33 While 
haploinsufficiency appears to be the primary 
pathological mechanism in STXBP1-RD, there 
is an observation that some missense variants 
might cause protein instability, misfolding, and 
aggregation, resulting in wild-type protein 
depletion.34,35 This finding directly led to the 
idea that protein chaperones could be a poten-
tial treatment option for STXBP1-RD and the 
first clinical trial investigating the use of 4-phe-
nylbutyrate in patients with STXBP1-RD.35,36

STXBP1 fast-forward strategic plan
By 2022, research efforts had begun to expand to 
therapeutic development, which was welcomed 
by the patient community. Indeed, by spring of 
2022, there were nine therapies in early develop-
ment pipelines known to the STXBP1 Foundation 

across gene therapies, RNA therapies, and small 
molecules. The STXBP1 Foundation realized 
additional efforts were required to support and 
accelerate the development of these early thera-
peutic pipelines. With the guidance of its Scientific 
Advisory Board, the STXBP1 Foundation devel-
oped a new 3-year plan, STXBP1 Fast Forward, 
which was launched in January 2023. STXBP1 
Fast Forward conceptualization included study-
ing strategies of other patient advocacy groups, 
including Foundation for Angelman Syndrome 
Therapeutics (https://cureangelman.org) and the 
Rett Syndrome Research Trust (https://reverser-
ett.org/research/).

STXBP1 Fast Forward has four pillars (Figure 2):

1.	 Propel Precision Therapies for STXBP1-RD. 
We are energetically pursuing several thera-
peutic strategies for STXBP1-RD. Pursuing 
multiple strategies at the same time gives us 
more ‘shots-on-goal’ for effective therapies 
and reduces risk.

Figure 2.  STXBP1 fast-forward strategic plan. The Fast Forward Strategic Plan adopted by the STXBP1 
Foundation in 2023 is comprised four principal components, all functioning together to accelerate the 
Foundation’s goals of finding transformative therapies for STXBP1-RD while improving the lives of our patients 
and families. Each principal component is comprised of various endeavors, being advanced by the Foundation 
and our partners, to ensure these goals are met.
STXBP1-RD, syntaxin-binding protein 1 related disorder.
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2.	 Prepare for Clinical Trials. With multiple 
therapies potentially entering clinical trials 
in the next couple of years, it is imperative 
that we maximize the likelihood that clini-
cal trials are successful – and that we see 
improvements in the symptoms that are 
important to our patients and families. We 
are leading and orchestrating a number of 
clinical trial readiness projects, including 
natural history studies, identifying clinical 
outcome measures (endpoints), biomarker 
development, and engaging with regulatory 
agencies to educate them on STXBP1-RD 
and what is important to patients.

3.	 Build Biopharma Company Interest. We 
need to build awareness and interest from 
biotech and pharmaceutical companies, 
who will ultimately lead the development 
and commercialization of STXBP1-RD 
therapies. Our goal is to de-risk 
STXBP1-RD through our research and 
clinical trial readiness initiatives, thus mak-
ing STXBP1-RD an attractive condition 
for companies to invest in.

4.	 Support Patients Today. We are focused on 
enabling the precision therapies of tomor-
row, but we also realize it’s critical to sup-
port our patients and families now. We are 
broadening access to clinical expertise for 
STXBP1-RD, both through clinical centers 
for STXBP1 and by developing a standard 
of care for STXBP1-RD patients.

Propel precision therapies for STXBP1
Treatment options for STXBP1-RD are limited 
and focused on seizure control. Antiseizure medi-
cations are the primary intervention for seizures. 
Drug resistance is very common, resulting in fre-
quent changes in medication over the lifespan; 
alternatives include dietary therapy and vagal nerve 
stimulation.7 Notably, there are no drugs available 
to address the cognitive differences and develop-
mental delays associated with STXBP1-RD; phys-
ical, occupational, and speech therapy are used to 
help the patient meet some specific needs but are 
limited in their ability to help the majority of 
patients adequately compensate for the severe 
nature of their developmental delay. The lack of 
adequate therapies to address the multiple disease 
manifestations of STXBP1-RD is a major unmet 
medical need.

Repurposed drugs and precision therapies, like 
gene therapy, are actively being pursued and sup-
ported by the Foundation. Aside from the afore-
mentioned 4-phenylbutyrate clinical trial, the 
Foundation is pursuing large-scale drug screens 
in model systems to identify currently available 
drugs that could significantly impact disease 
symptoms and quality of life for STXBP1-RD 
individuals. Several research groups are investi-
gating a variety of precision therapy approaches. 
Gene replacement is intended to add a fully work-
ing copy of the STXBP1 gene in cells to counter-
act haploinsufficiency and is being investigated by 
several groups. In one example, rescue of haplo-
insufficiency by an AAV-Stxbp1 construct in a 
mouse model of STXBP1 encephalopathy 
reversed abnormal hindlimb clasping, reduced 
the number of spike-wave discharges and myo-
clonic seizures, reversed anxiety-like behaviors, 
and rescued cognitive and nest-building behav-
iors.37 Importantly, these results were achieved in 
adult animals. Viral-mediated delivery of STXBP1 
transcription factor regulators is an approach 
being investigated to increase the expression of 
the STXBP1 gene to relieve haploinsufficiency, as 
is CRISPR activation (CRISPRa), which utilizes 
a guide RNA to direct a CRISPR effector coupled 
to a transcriptional activator. Antisense oligonu-
cleotide (ASO) gene therapy is an active area of 
research. ASOs can be used to induce exon splic-
ing to remove specific variants in the STXBP1 
mRNA or used to block RNA-degrading micro 
RNAs, thus increasing the amount of functional 
STXBP1 protein. Like ASOs, antisense long 
non-coding RNAs, known as SINEUPs, can be 
used to increase translation from mRNA and 
increase endogenous STXBP1 protein levels. 
Table 1 summarizes the state of STXBP1 thera-
peutic development as of early 2024. These ther-
apies are at various stages of development, some 
will continue to be pursued, eventually entering 
clinical trials, others will undoubtedly be aban-
doned, while new therapies and approaches will 
be added in the coming years. Regardless, any of 
these precision therapies, if proven successful, 
could address most, or maybe all, of the disease 
manifestations associated with STXBP1-RD.

Prepare for clinical trials
In April 2023, the STXBP1 Foundation estab-
lished the STXBP1 Clinical Outcome Assessment 
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and Biomarker Consortium (S-COMB). This 
multi-stakeholder consortium, including aca-
demic researchers, clinicians, and industry, is 
focused on establishing a common set of tests and 
outcome measures in patients that can be used in 
clinical trials to establish whether a treatment 
successfully improves the symptoms of 
STXBP1-RD that matter to patients, and 

ensuring that data, knowledge, and research 
resources are shared.

As previously noted, multiple studies phenotyp-
ing patients with STXBP1-RD have been  
completed, and ongoing studies collecting 
patient-reported data through RARE-X and 
Simons Searchlight, as well as electronic medical 

Table 1.  STXBP1 therapies in development.

Type of therapy Mechanistic approach Developer(s) Stage of development

Drug repurposing 4-Phenylbutyrate Academic Clinical trial

Single repurposed drug candidate Biopharma Preclinical/New drug formulation

In vitro screen of large FDA-approved 
drug library for increases in STXBP1 gene 
expression

Academic/Biopharma Discovery/In vitro screening of 
potential drug candidates

In silico testing of large drug library for 
interactions with specific STXBP1 variants

Academic/Biopharma Discovery/In vitro and in vivo 
screening of potential drug 
candidates

Gene transfer AAV-based STXBP1 gene replacement Biopharma Late preclinical

AAV-based STXBP1 gene regulator Biopharma Early preclinical/In vitro testing of 
drug candidate

AAV-based STXBP1 gene replacement Biopharma Discovery/drug candidate 
screening

CRISPR CRISPRa-based STXBP1 gene activation Academic Discovery/In vitro drug candidate 
identification

RNA therapy ASO-based, block micro-RNA to increase 
STXBP1 translation

Academic/Biopharma Early preclinical/In vitro testing of 
drug candidate

ASO-based, target regulatory site to increase 
STXBP1 translation

Biopharma Early preclinical/In vitro testing of 
drug candidate

ASO-based, target potential poison exons Academic Discovery/Target and drug 
candidate identification

ASO-based, unknown mechanism Pharma Discovery/Drug candidate 
identification

ASO-based, unknown mechanism Pharma Discovery/Drug candidate 
identification

SINEUP-based, increased STXBP1 
translation

Academic Discovery/Drug candidate 
identification

Readthrough Suppressor tRNA Biopharma Late preclinical

Premature stop readthrough drug Academic Early preclinical/In vitro testing of 
drug candidate

AAV, adeno-associated virus; ASO, antisense oligonucleotide; CRISPRa, CRISPR activation; STXBP1, syntaxin-binding protein 1.
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record data through Ciitizen, are being con-
ducted. These efforts, along with lessons learned 
in the 4-phenylbutyrate trial, provided adequate 
foundational work to enable the design of a regu-
latory-compliant, prospective natural history 
study.

The STARR (STXBP1 Clinical Trial Readiness) 
Study was launched in the United States in July 
2023. Importantly, the goal of this study is to pre-
pare for clinical trials by gaining a better under-
standing of how STXBP1-RD progresses over 
time and to develop a standardized set of clinic 
assessments and biomarkers for STXBP1-RD 
patients. The study is being conducted at four 
clinical sites: Children’s Hospital of Philadelphia, 
Children’s Hospital Colorado, Baylor/Texas 
Children’s Hospital, and Weill-Cornell. The 
STXBP1 Foundation and Children’s Hospital of 
Philadelphia are leading the study, with Ingo 
Helbig, MD, from Children’s Hospital of 
Philadelphia serving as the study’s Principal 
Investigator. The STARR study is being con-
ducted in two phases: a 12-month cross-sectional 
phase and a 2–5-year longitudinal phase. The 
cross-sectional phase is being conducted in five 
separate age cohorts; the primary purpose is to 
evaluate multiple clinical outcome measures and 
use the data collected to select a set of outcome 
measures that can be used for future clinical tri-
als. The longitudinal phase will be a regulatory-
compliant study to follow STXBP1-RD disease 
progression in all ages with the primary goal of 
obtaining control data that may be utilized in 
future interventional drug trials.

A patient registry and longitudinal natural history 
study are also being launched in Europe by the 
European STXBP1 Consortium (ESCO), a 
research consortium that currently includes nine 
countries (http://stxbp1eu.org); the STXBP1 
Foundation has provided initial funding to 
ESCO. Importantly, the STARR and ESCO nat-
ural history studies have collaborated to align the 
protocols of the studies, including the age cohorts, 
visit cadence, and core assessments. This align-
ment is critical to enable maximal insights from 
these studies to inform clinical trials.

In addition to natural history studies, the 
Foundation and our research community are very 
engaged in the development of biomarkers for 
STXBP1-RD. A major focus in this area 

is identifying potential STXBP1-specific EEG 
signatures as a potential biomarker to monitor the 
response to treatment. One comparison of EEGs 
from children with STXBP1-RD to EEGs from 
neurotypical children revealed a decrease in the 
excitatory/inhibitory ratio.38 Other EEG data 
comparisons are ongoing with promising initial 
results. Metabolomic, proteomic, and transcrip-
tomic studies on body fluids (blood, cerebral spi-
nal fluid, urine) from STXBP1-RD individuals 
and age- and family-matched controls are being 
carried out by several investigators with the goal 
of identifying biomarkers for disease progression 
and/or drug response and target engagement. To 
help accelerate this biomarker work, the 
Foundation started a Biomarker Working Group 
(BWG) as part of the S-COMB initiative. The 
BWG allows various STXBP1 stakeholders to 
share results and collaborate in the design and 
implementation of new biomarker studies. In 
addition, the Foundation maintains a biospeci-
men repository via a collaboration with 
COMBINEDBrain (https://combinedbrain.org/
biorepository). As of December 2023 there were 
over 1200 biosamples available from approxi-
mately 120 individuals (STXBP1-RD patients 
and controls) for research use.

Build biopharma company interest
In 2019, when the Foundation mapped out its 
first set of priorities, there was only one new ther-
apy starting to be developed, the repurposing of 
4-phenylbutyrate, and there were no identified 
biopharma companies that acknowledged they 
were developing therapies for STXBP1-RD. By 
the end of 2022 more than nine potential thera-
pies were in development at various biopharma 
companies. The Foundation, through its support 
of the STARR and ESCO studies, the S-COMB, 
and the BWG, is working to make STXBP1-RD 
an attractive candidate disorder for therapy devel-
opment. Through the STARR and ESCO studies 
we aim to provide patient control data to our 
biopharma partners as well as set up multiple 
clinical sites capable of running clinical drug trials 
for STXBP1-RD. We are working closely with 
our biopharma partners in the development of 
EEG and body fluid biomarkers.

Another crucial avenue through which the 
Foundation contributes to advancing future drug 
development involves active collaboration with 
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regulatory agencies. In addition to the FDA 
Patient Listening Session held in April 2022, in 
October 2023, the Foundation hosted a public 
Patient-Focused Drug Development (PFDD) 
meeting for the FDA. The PFDD dealt with the 
health implications and daily challenges associ-
ated with STXBP1-RD, along with an examina-
tion of the existing landscape of treatment 
approaches. These meetings serve the purpose of 
enlightening the FDA about the varied clinical 
manifestations of STXBP1-RD, highlighting the 
complexities in assessing patient capabilities. The 
overarching goal is to assist regulatory authorities 
in comprehending how forthcoming therapies can 
optimally enhance the well-being of our patients. 
As we move forward with the STARR study, we 
will continue to engage with the Agency to con-
firm the data we are collecting meets their expec-
tations. Via our collaboration with ESCO and 
alignment of protocols, we will also work to make 
sure our data is in accordance with European reg-
ulatory requirements.

Support patients today
As we engage with Biopharma and work towards 
supporting future precision medicines for 
STXBP1-RD we are also working to improve our 
patients’ lives, and those of their caregivers, today. 
We have worked with Children’s Hospital of 
Philadelphia and Children’s Hospital of Colorado 
to help set up and/or expand multidisciplinary clin-
ics where our kids can be more fully assessed by a 
healthcare team during a single visit, and we are 
working to open additional multidisciplinary clinics 
in other geographical areas of the country. We are 
currently working, in collaboration with our physi-
cian partners, on developing a ‘Standard of Care for 
STXBP1-RD’ that can be shared with the patient/
caregiver community and provided to primary care 
physicians who may have little to no experience in 
seeing or treating STXBP1-RD patients.

Through our yearly family meetings, our website, 
and via social media, the Foundation works to 
educate our caregivers and keep them updated on 
the latest in drug development and biomarker 
work, and we continue to advocate at the local, 
state, and federal levels on behalf of our caregiv-
ers and patients. In October 2021, we launched 
STXBP1 Global Connect (https://www.stxbp1 
globalconnect.org), an affiliation of associations 
and parent representatives from countries around 

the world with the goal of connecting our com-
munities of parents, scientists, and medical pro-
fessionals across the globe with the common 
purpose of developing transformative therapies 
for this rare genetic disease.

What does the future hold for STXBP1
Over the past few years, the number of 
STXBP1-RD therapies in the developmental 
pipeline has increased dramatically. Over the next 
few years we anticipate several of these therapies 
to be in phase 1 or 2 clinical trials and additional 
therapies entering preclinical development. At 
this time, through our STARR study and bio-
marker work, we anticipate a standardized set of 
clinical outcome measures will have been chosen 
and evaluated and one or two biomarkers will be 
available. Both will further accelerate drug devel-
opment as well as our understanding of 
STXBP1-RD disease progression. This accelera-
tion in drug development and multiple ‘shots-on-
goal’ will be needed as we anticipate some current 
therapies will not move forward due to pharma-
cological or other reasons.

We are hopeful that over the next several years, 
repurposed drugs may help reduce the severity of 
some STXBP1-RD symptoms for our patients 
while the promise of precision therapies, which 
will allow our kids autonomy and greater quality 
of life, begins to be realized. What we know now 
is that the knowledge base for STXBP1 is grow-
ing faster than it ever has before and we stand at 
the precipice of major advances.
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