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ABSTRACT

The STXBP1 gene encoding syntaxin-binding protein 1 (STXBP1 or Secl/Muncl8-1), is
implicated as a significant genetic contributor to neurodevelopmental disorders (NDD) and
epilepsy, known as STXBP1-related disorders. Despite the recognition of this association, the
genotype and phenotype spectrum of these disorders is highly diverse, with considerable
variability even among recurrent STXBP1 variants, consequently, posing a substantial
challenge in effectively managing disease. Here, we present clinical details of a patient
harboring a rare heterozygous pathogenic variant (STXBP1: ¢.1095 1096delCT, p.
Cys366ProfsTerl3) in STXBP1 gene, for which clinical descriptions are lacking. This
underscores the complexities involved in understanding and managing STXBP1-related
disorders, necessitating further research and personalized treatment approaches.
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INTRODUCTION STXBP1 variants (missense, nonsense,

The STXBP1 gene encoding syntaxin-

binding  protein 1  (STXBP1L or
Secl/Muncl18-1), is implicated as a
significant genetic contributor  to

neurodevelopmental disorders (NDD) and
epilepsy, known as STXBP1-related
disorders. STXBP1 gene working together
with another protein syntaxin-1 regulates
neurotransmitter release on surface of tiny
synaptic vesicles. While previous studies
have outlined a diverse phenotypic features
(early onset epileptic encephalopathy
(EOEE), Ohtahara syndrome (OS), West
Syndrome (WS), other developmental and
epileptic encephalopathies (DEE), NDD,
and atypical Rett Syndrome) due to array of

splice-site, frameshift, deletion, and others),
yet, genotype-phenotype correlations remain
less established, underscoring the challenges
in precisely correlating genotype with their
corresponding  phenotype in  affected
individuals 42349 This underscores the
complexities involved in understanding and
managing  STXBP1-related  disorders,
necessitating  further  research  and
personalized treatment approaches. We
present phenotypic expression of a patient
with a rare heterozygous pathogenic
STXBP1 variant
chr9:130435525 130435526delCT,

€.1095 1096delCT, p.Cys366ProfsTerl3 in
the STXBP1 gene for which clinical
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information in the database and literature is
lacking.

CASE REPRESENTATION

A 15-year-old male presented with gross
developmental delay and generalized tonic-
clonic seizures began at the age of one
month, born full term with no relevant
prenatal or family history. Physical
examination revealed head circumference of
57 cm + 2 SD, frontal bossing, depressed
nasal bridge, open mouth, hypotonia,
aggression and unusual behavior. Basic
blood tests, Cerebrospinal fluid
examination, Magnetic Resonance Imaging
and electroencephalogram was normal and
phenobarbital and phenytoin was initiated.
Despite on treatment, infrequent episodes
persisted and metabolic disorder was
considered which was normal.
Psychological assessment indicated
moderate retardation. Risperidone addressed
behavioural concerns. Seizure frequency
increased at 14 years of age; parents opted
for levetiracetam addition without repeat
EEG.

For genetic diagnosis whole Exome
Sequencing employed IDT's xGen™ DNA
Library Prep EZ technology on
NovaSeq/NextSeq platforms with parental
consent. Alignment of FASTQ reads (raw
data) to hgl9, filteration, ranking,
annotation and prioritization of variants was
done via proprietary algorithm (SMART-
OneTM  (Sequence and Meta-analysis
Research Toolkit/ GeneUIS®) developed by
ComputeGenomics ©.

RESULT

Genetic analysis detected a pathogenic
alteration in exon 13 of the STXBP1 gene
(chr9:130435525_130435526delCT,

€.1095 1096delCT, p.Cys366ProfsTerl3),
predicted to truncate protein and impair its
function. As of now, this newly discovered
variant has not been documented with any
minimum allele frequency in the gnomAD
& Clinvar database. This variant is
proximal to known pathogenic variants,
p.Arg367Ter and p.GIn370Ter, associated

with DEE (. The patient's diagnosis of
STXBP1-Related DEE indicates the
identified genetic variation in STXBP1 gene
is likely responsible for symptoms,
supported by both genetic and clinical
evidence.  Segregation  analysis  was
precluded by financial constraints; however,
informed consent was obtained for further
medical intervention based on genetic
findings. The candidate mutant amino acid
site's conservation Assessment of Species
and Modeling Protein Homology was
assessed using UniProt Browser and
ClustalX2.1. Full-length STXBP1 wild-type
(WT) was obtained from NCBI (accession
no.. NP_001027392.1). SWISS-MODEL
generated models based on 20 evolutionary-
related structures identified through BLAST
and HHBIits searches as previously done for
other proteins ®. The Swiss-model retrieved
model based on template AOA480WEI6.1
was chosen.

DISCUSSION

In our patient, a rare pathogenic mutation in
the STXBP1 gene was found, resulting in
early-onset seizures, developmental delay,
mental retardation, unusual behavior, and
laughter. This variant was considered an
assumed de novo variant, aligning with the
previous literature showing majority of the
de novo variants in this gene ©. Literature

reveals a wide range of symptoms
associated with STXBP1-related
developmental and Epilepsy

Encephalopathy, including developmental
delay (100%), intellectual disability (>90%),
seizures (70-95%), movement disorders
(>87%), and neurobehavioral disorders
(~65%) @), Seizure onset in STXBP1-related
disorders varies greatly, displaying diverse
seizure and epilepsy  syndromes.
Remarkably, STXBP1 mutations can lead to
late-onset epilepsy or may occur even
without epilepsy altogether ). STXBP1
encephalopathy, linked to mutations in the
STXBP1 gene crucial for neurotransmitter
release, is marked by early developmental
delays. Studies reported developmental
delays across various domains, with a
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significant proportion of affected adults
exhibiting symptoms within the first year of
life, often necessitating mobility aids ©.
Balagura et al (2022) reported that the wide-
ranging intellectual disability in STXBP1
encephalopathy  significantly  impacts
neurodevelopmental outcomes, highlighting
the crucial role of STXBP1 mutations in
neurodevelopmental disorders. Our patient's
behavioral patterns parallel those observed
previously, indicating consistent behavioral
issues in  adults with  STXBP1
encephalopathy (). Despite  severe
intellectual disability, our patient's head
circumference was above +2SD, supported
by literature suggesting normal head
circumference in STXBP1 gene mutation
patients . Furthermore, our case's brain
MRI findings align with existing literature,
indicating normal results in a significant
percentage of cases and normal EEG in our
case, differing from majority with varied
abnormalities 9. Though there is no clear
correlation between variants and phenotypes
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but Xian et al. 2022 observed that different
STXBP1 variants exhibited a varied
phenotype ©).

MODELING PREDICTIONS OF
VARIANT IMPACT

For modeling predictions of variant impact a
homology model explored how frameshift
mutation at Cys366 in STXBPL1 affects its
structure, disrupting conserved amino acids
within Sec-1 like_doma3 region, a conserved
domain found in proteins that are
structurally similar to Sec-1 (Figure 1A,B).
It is involved in interactions with other
proteins, such as syntaxin-1. Structural
analysis reveals notable disparities between
WT and mutant proteins and confirms
reliability and accuracy (Figure 1C,D, E,F).
The frameshift variant p.Cys366ProfsTer13
causes premature translation termination,
leading to critical amino acid absence (Fig
1B). This analysis elucidates STXBP1
splice variants, aiding genotype-phenotype
correlations and precision medicine.
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Figure 1. The position, conservation and homology models of the mutant protein.

(A) The mutation was located in the Sec-1
like_doma3, STXBP1 variant
chr9:130435525 130435526delCT,

€.1095 1096delCT, p.Cys366ProfsTerl3,
affecting a length of amino acids located

from the end of the STXBP1 to the half of
the Sec-1 like_doms3.

(B) The residues from Leucine to the end
are evolutionarily conserved Homo sapiens,
Mustela putorius, Symphalangus
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syndactylus, Pongo  pygmaeus, Pan
paniscus, Gorilla, Rattus norvegicus,
Callithrix  jacchus, Macaca nemestrina,
Canis lupus, Mus musculus.

(C) Wild-type (residues 1-594),

(D) Mutant (residues 1-377) homology
model. The mutant STXBP1 lacks
substantial beta-sheets and helical regions,
implying compromised functionality. Fig.

(E & F) MolProbity analysis reveals a high-
quality structure with a score of 0.77 and
minimal clashes (0.47). With 97.47%
residues in favored Ramachandran regions
and a QMEANDIsCo score of 0.81, the
structure is reliable.

CONCLUSION

In conclusion, understanding genotype-
phenotype relationships in  STXBP1
developmental and epileptic
encephalopathies requires further
exploration through newly identified case
reports and variants to enhance disease
treatment efficacy.

Declaration by Authors
Acknowledgement: Gratitude to the
Division of Genetics, Lok Nayak Hospital,
New Delhi & patient’s family.

Source of Funding: None

Conflict of Interest: There are no conflicts
of interest.

REFERENCES

1. Stamberger H, Nikanorova M, Willemsen
MH, Accorsi P, Angriman M, Baier H,
Benkel-Herrenbrueck 1, Benoit V, Budetta
M, Caliebe A, Cantalupo G, Capovilla G,
Casara G, Courage C, Deprez M, Destrée A,
Dilena R, Erasmus CE, Fannemel M, Fjeer
R, Giordano L, Helbig KL, Heyne HO,
Klepper J, Kluger GJ, Lederer D, Lodi M,
Maier O, Merkenschlager A, Michelberger
N, Minetti C, Muhle H, Phalin J, Ramsey K,
Romeo A, Schallner J, Schanze I, Shinawi
M, Sleegers K, Sterbova K, Syrbe S,
Traverso M, Tzschach A, Uldall P, Van
Coster R, Verhelst H, Viri M, Winter S,
Wolff M, Zenker M, Zoccante L, De Jonghe
P, Helbig I, Striano P, Lemke JR, Mgller
RS, Weckhuysen S. STXBP1
encephalopathy: A neurodevelopmental

disorder including epilepsy. Neurology.
2016 Mar 8;86(10):954-62.

Lopez-Rivera JA, Pérez-Palma E, Symonds
J, Lindy AS, McKbnight DA, Leu C, Zuberi
S, Brunklaus A, Mgller RS, Lal D. A
catalogue of new incidence estimates of
monogenic neurodevelopmental disorders
caused by de novo variants. Brain. 2020 Apr
1;143(4):1099-1105.

Saadet Mercimek-Andrews, MD, PhD,
FCCMG, FRCPC, STXBP1
Encephalopathy  with  Epilepsy; Gene
reviews ; Initial Posting: December 1, 2016;
Last Update: September 28, 2023.

Meisler MH, Hill SF, Yu W.. Sodium
channelopathies in  neurodevelopmental
disorders. Nat Rev Neurosci.
2021;22(3):152-166.

Xian J, Parthasarathy S, Ruggiero SM,
Balagura G, Fitch E, Helbig K, Gan J,
Ganesan S, Kaufman MC, Ellis CA, Lewis-
Smith D, Galer P, Cunningham K, O'Brien
M, Cosico M, Baker K, Darling A, Veiga de
Goes F, El Achkar CM, Doering JH, Furia
F, Garcia-Cazorla A, Gardella E, Geertjens
L, Klein C, Kolesnik-Taylor A, Lammertse
H, Lee J, Mackie A, Misra-Isrie M, Olson
H, Sexton E, Sheidley B, Smith L, Sotero L,
Stamberger H, Syrbe S, Thalwitzer KM, van
Berkel A, van Haelst M, Yuskaitis C,
Weckhuysen S, Prosser B, Son Rigby C,
Demarest S, Pierce S, Zhang Y, Mgaller RS,
Bruining H, Poduri A, Zara F, Verhage M,
Striano P, Helbig I. Assessing the landscape
of STXBP1-related disorders in 534
individuals. Brain. 2022 Jun 3;145(5):1668-
1683.

SMART-One™ -Sequence and Meta-
analysis Research Toolkit/ GeneUIS®-
Gene User-Interface System,
www.computegenomics.com.

Balagura G, Xian J, Riva A, Marchese F,
Ben Zeev B, Rios L, Sirsi D, Accorsi P,
Amadori E, Astrea G, Baldassari S,
Beccaria F, Boni A, Budetta M, Cantalupo
G, Capovilla G, Cesaroni E, Chiesa V,
Coppola A, Dilena R, Faggioli R, Ferrari A,
Fiorini E, Madia F, Gennaro E, Giacomini
T, Giordano L, lacomino M, Lattanzi S,
Marini C, Mancardi MM, Mastrangelo M,
Messana T, Minetti C, Nobili L, Papa A,
Parmeggiani A, Pisano T, Russo A,
Salpietro V, Savasta S, Scala M, Accogli A,
Scelsa B, Scudieri P, Spalice A, Specchio
N, Trivisano M, Tzadok M, Valeriani M,

International Journal of Health Sciences and Research (www.ijhsr.org) 455
Volume 14; Issue: 8; August 2024


http://www.computegenomics.com/

Komal Uppal et.al. Clinical phenotype of a rare pathogenic variant in STXBP1 gene

Vari MS, Verrotti A, Vigevano F, Vignoli
A, Toonen R, Zara F, Helbig I, Striano P.
Epilepsy Course and Developmental
Trajectories in STXBP1-DEE. Neurol Genet.
2022 May 31;8(3):e676.

Solanki AK, Panwar D, Kaushik H, Garg
LC. Molecular docking analysis of P2X7
receptor with the beta toxin from
Clostridium perfringens. Bioinformation.
2020 Aug 31;16(8):594-601.

Stamberger H, Crosiers D, Balagura G,
Bonardi CM, Basu A, Cantalupo G, Chiesa
V, Christensen J, Dalla Bernardina B, Ellis
CA, Furia F, Gardiner F, Giron C, Guerrini
R, Klein KM, Korff C, Krijtova H, Leffler
M, Lerche H, Lesca G, Lewis-Smith D,
Marini C, Marjanovic D, Mazzola L,
McKeown Ruggiero S, Mochel F, Ramond
F, Reif PS, Richard-Mornas A, Rosenow F,
Schropp C, Thomas RH, Vignoli A, Weber

10.

Y, Palmer E, Helbig I, Scheffer IE, Striano
P, Mgller RS, Gardella E, Weckhuysen S.
Natural History Study of STXBP1-
Developmental and Epileptic
Encephalopathy Into Adulthood. Neurology.
2022 Jul 19;99(3):e221-e233.

Yamamoto T, Shimojima K, Yano T, Ueda
Y, Takayama R, lkeda H, Imai K. Loss-of-
function mutations of STXBP1 in patients
with epileptic encephalopathy. Brain Dev.
2016;38:280-4.

How to cite this article: Komal Uppal, Lakshay
Rana, Himani Kaushik, Sunil Polipalli, Somesh
Kumar, Seema Kapoor. Clinical phenotype of a
rare pathogenic variant in STXBP1 gene. Int J
Health Sci Res. 2024; 14(8):452-456. DOI:
https://doi.org/10.52403/ijhsr.20240852

*kkkhkk

International Journal of Health Sciences and Research (www.ijhsr.org)

456

Volume 14; Issue: 8; August 2024



