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A deep intronic variant in DNM1 in a patient with developmental
and epileptic encephalopathy creates a splice acceptor site and affects
only transcript variants including exon 10a

Frederike L. Harms' - Deike Weiss? - Jasmin Lisfeld" - Malik Alawi? - Kerstin Kutsche'

Received: 30 January 2023 / Accepted: 28 March 2023 / Published online: 11 April 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

DNM]1 developmental and epileptic encephalopathy (DEE) is characterized by severe to profound intellectual disability,
hypotonia, movement disorder, and refractory epilepsy, typically presenting with infantile spasms. Most of the affected
individuals had de novo missense variants in DNM 1. DNM1 undergoes alternative splicing that results in expression of six
different transcript variants. One alternatively spliced region affects the tandemly arranged exons 10a and 10b, producing
isoforms DNM1A and DNM 1B, respectively. Pathogenic variants in the DNMI coding region affect all transcript variants.
Recently, a de novo DNM1 NM_001288739.1:¢c.1197-8G > A variant located in intron 9 has been reported in several unrelated
individuals with DEE that causes in-frame insertion of two amino acids and leads to disease through a dominant-negative
mechanism. We report on a patient with DEE and a de novo DNM variant NM_001288739.2:¢.1197-46C > G in intron 9,
upstream of exon 10a. By RT-PCR and Sanger sequencing using fibroblast-derived cDNA of the patient, we identified aber-
rantly spliced DNM1 mRNAs with exon 9 spliced to the last 45 nucleotides of intron 9 followed by exon 10a (NM_0012887
39.2:1.1196_1197ins[1197-1_1197-45]). The encoded DNM1A mutant is predicted to contain 15 novel amino acids between
11e398 and Arg399 [NP_001275668.1:p.(I11e398_Arg399ins15)] and likely functions in a dominant-negative manner, similar
to other DNM1 mutants. Our data confirm the importance of the DNM1 isoform A for normal human brain function that is
underscored by previously reported predominant expression of DMNIA transcripts in pediatric brain, functional differences
of the mouse Dnm1la and Dnm1b isoforms, and the Dnm! fitful mouse, an epilepsy mouse model.
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Introduction

DNM]1 encodes dynamin 1, one of several members of the
dynamin-like family. Dynamin 1 is a neuron-specific GTPase
implicated in endocytosis and mediates uptake of synaptic
vesicles in presynaptic terminals [1-3]. Dynamins are well
known for their self-oligomerization into contractile helical
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polymers that surround a membrane tube, nucleotide-driven
conformational changes leading to constriction of the poly-
mer and the membrane, and finally GTP hydrolysis-depend-
ent fission of membrane tubes. Dnml shows a predominant
and developmentally regulated expression in the brain [4,
5]. In mammals, Dnml undergoes extensive alternative
splicing resulting in the expression of multiple transcript
variants (Fig. 1a). The first alternatively spliced region of
Dnml affects the two tandemly arranged exons 10a and 10b
encoding 46 amino acid residues of the middle region that
vary in 11 residues in human DNMI1. The expression of
these mutually exclusive mRNAS results in the production
of isoforms Dnmla and Dnm1b. The second alternative
splicing region affects the 3’ region of the gene. Alternative
splicing in this region leads to the generation of different
C-terminal ends in dynamin 1 isoforms [6—9]. Dynamin 1
is composed of the N-terminal GTPase domain, the mid-
dle domain or stalk region, a bundle signaling element,
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Fig.1 DNMI transcript variants, domain structure, and patho-
genic variants. a Schematic representation of the exon—intron
structure of exons 7-14 in the six alternatively spliced DNMI tran-
script variants encoding the DNM1 central region present in NCBI
and Ensemble databases (last accessed 12/2022). Exons are given
by boxes and are numbered. Location of the intronic variants
NM_001288739.2:c.1197-46C>G and NM_001288739.2:c.1197-
8G> A identified in this study and in several independent patients
are marked by red and blue lines, respectively. Relative DNM]
expression in cortex and cerebellum according to the GTEx por-
tal (last accessed 12/2022) is shown next to the transcript vari-
ants on the right. Length of the bars represents the rate of expres-
sion (violet, strong expression; grey, no expression). b Schematic
representation of the DNM1 domain structure (NP_004399.2 and
NP_001275668.1). Amino acid numbering is given. The polypeptide

a phosphoinositide-4,5-bisphosphate-binding pleckstrin
homology (PH) domain, and a proline-rich domain (Fig. 1b)
[10, 11].

In 2014, de novo missense variants in DNMI were
reported in five individuals who had infantile spasms in the
first year of life and severe to profound intellectual disability
[12]. Up to date, at least 60 individuals with DNM1 encepha-
lopathy were described. Most of them carry de novo mis-
sense variants or in-frame insertions affecting the GTPase
or middle domain, including a few recurrent variants that
alter codons 43, 45, 65, 177, 206, 237, and 359. These vari-
ants affect all transcript variants of DNM1 (Fig. 1). The
majority of affected individuals had a relatively homogene-
ous phenotype that can be subsumed under developmental
and epileptic encephalopathies (DEE) (Table 1) [12-45].
The phenotypic spectrum has recently been broadened by
reports of a few patients with mild-to-moderate developmen-
tal delay and/or intellectual disability with self-limited or
no seizures. Affected individuals carried missense variants
located in the PH domain of dynamin 1, while a 4-year-old
girl had a de novo DNM1 variant ¢.139G > A/p.(Val47Met)
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within the central region encoded by the alternatively spliced exon
10a or 10b is highlighted in dark blue. DMNI de novo pathogenic
variants associated with developmental and epileptic encephalopathy
according to HGMD professional database (last accessed 12/2022)
are given below the domain structure (black). De novo variants asso-
ciated with a milder neurodevelopmental disorder are given in dark
grey. Recurrent variants are indicated by the number of identified
unrelated patients in brackets. If a variant only affects one DNM1 iso-
form, this is indicated by the suffix [a] and [b] for DNM1 isoforms
NP_001275668.1 and NP_004399.2, respectively. Homozygous
loss-of-function variants in patients with severe neurodevelopmental
delay and early-onset epilepsy are underlined. C, C-terminus; GED,
GTPase effector domain; N, N-terminus, PH, pleckstrin homology;
PRD, prolin-rich domain

in the GTPase domain, previously reported in more severely
affected individuals, and a 5-year-old girl had a de novo
c.1214C > T/p.(Pro405Leu) variant, exclusively affecting
exon 10b (GenBank: NM_004408.4) (Fig. 1b; Table 1) [44,
46-48]. Interestingly, several individuals with severe DEE
carried the recurrent de novo DNM1 non-coding variant,
NM_001288739.1:¢c.1197-8G > A (Table 1) [44, 49, 50].
This transition is located in intron 9, just 8 bp upstream of the
alternatively spliced exon 10a, and affects only three out of
six DNM1 transcript variants (GenBank: NM_001288737.2,
NM_001288738.2, and NM_001288739.2; Fig. 1a). A splic-
ing minigene assay revealed insertion of 6 bp in the DNMI1A
mRNA that is predicted to cause an insertion of two amino
acids in the dynamin-1 middle domain (GenBank: NM_0
01288739.2:r.1196_1197[1197-1_1197-6]; p.(Arg399_
Thr400insCysArg)) [44].

All disease-associated missense and in-frame insertion
variants in DNM are supposed to exert a dominant-nega-
tive effect of the DNM1 mutant on wild-type DNM1 by (i)
defective GTP binding, (ii) impaired GTP hydrolysis, (iii)
interfering with self-assembly, or (iv) the inability to interact
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with phosphoinositide-4,5-bisphosphate, collectively caus-
ing impaired synaptic vesicle endocytosis [11, 17, 31, 44,
51-57]. Altogether, DNM encephalopathy associated with
specific autosomal dominant variants belongs to the group
of synaptic vesicle cycling disorders in which synaptic trans-
mission and plasticity are impaired [13, 17].

Here, we report a patient with developmental and epi-
leptic encephalopathy who carried a de novo deep intronic
DMNI1 variant NM_001288739.2:¢.1197-46C > G predicted
to create a new splice acceptor site. DNM1 transcript anal-
ysis revealed aberrantly spliced DNM1 mRNAs with an
inclusion of 45 nucleotides between exons 9 and 10a in the
patient. The encoded DNM1 isoform A mutant is predicted
to contain 15 novel amino acids between [1e398 and Arg399
[NP_001275668.1:p.(11e398_Arg399ins15)], while DNM1
isoform B is likely left intact. Our data and previously pub-
lished data confirm the importance of the DNM1A isoform
for normal brain function.

Material and methods
Editorial policies and ethical considerations

The parents of the proband provided written informed con-
sent for participation in the study, clinical data and speci-
men collection, genetic analysis, and publication of relevant
findings under a protocol approved by the Ethics Committee
of the Hamburg Medical Chamber (PV7038-4438-BO-ff).

Exome sequencing and variant filtering

Trio exome sequencing was performed on genomic DNA
extracted from leukocytes of the patient and his healthy par-
ents by CeGaT. Enrichment was carried out using the Sure-
Select Human All Exon V6 kit (Agilent Technologies). Each
captured library was then loaded and sequenced on the HiSeq
platform (Illumina, San Diego, CA). fastp (v0.21.0) [58] was
used to remove artificial and low-quality (Phred quality score
below 15) sequences from the 3’ end of sequence reads. Putative
base calling errors located in regions where two reads of a read
pair overlap were corrected (fastp option: “—correction”). The
sequences were then aligned to the human reference assembly
(NCBI GRCh38 (GCA_000001405.15)) with the Burrows-
Wheeler Aligner (BWA mem, v0.7.17-r1188) [59]. Strelka2
(v.2.9.10) [60] and GATK4 (v.4.1.9.0) [61] were used to detect
genetic variation. Variants were annotated using the Ensembl
Variant Effect Predictor (v.103.0) [62]. Only exonic and intronic
variants that were de novo (absent from public databases) or rare
(with a minor allele frequency [MAF] <0.5% and no homo- and
hemizygotes in public databases) were retained. Variants with
poor depth of sequencing coverage (total read depth < 10) and in
low-quality regions (checked in IGV) were discarded.

@ Springer

Variant validation

Sequence validation was performed by Sanger sequencing.
Primers designed to amplify the selected region of DNM I
intron 9 (NM_001288739.2) are described in Supplementary
Table 1. Amplicons were directly sequenced using the ABI
BigDye Terminator Sequencing Kit (Applied Biosystems)
and an automated capillary sequencer (ABI 3500, Applied
Biosystems). Sequence electropherograms were analyzed
using the Sequence Pilot software (JSI Medical Systems).

The DNM1 variant NM_001288739.2:¢.1197-46C > G
was submitted to the LOVD database (https://databases.
lovd.nl/shared/genes/DNM1), with the LOVD Variant ID
#0000908423.

Transcript analysis

Total RNA was extracted from cultured primary fibro-
blasts of the patient and three healthy individuals (Mon-
arch Total RNA Miniprep Kit, New England Biolabs).
RNA concentration and purity of the samples were
assessed by use of the Epoch™ Microplate Spectro-
photometer (BioTek). One microgram of total RNA was
reverse transcribed (LunaScript® RT SuperMix Kit, New
England Biolabs). Primers designed to amplify DNM
cDNA fragments from fibroblast-derived cDNA of the
patient and healthy controls are described in Supplemen-
tary Table 1. PCR products were cloned into the pCR2.1
TOPO TA Cloning Vector (ThermoFisherScientific).
Individual Escherichia coli clones were subjected to col-
ony PCR followed by Sanger sequencing.

Results
Clinical findings

The patient is a 2-year-old boy and the second child of healthy
non-consanguineous parents of Caucasian origin. Family history
was unremarkable, except for a developmental disorder without
seizures in a 20-year-old maternal first cousin-once-removed.
Pregnancy was uneventful and delivery was at 42 weeks of
gestation. Birth measurements were normal, with weight of
3480 g (—0.28 z), length of 54 cm (0.75 z), and occipitofrontal
circumference (OFC) of 36 cm (0.55 z). During the first days,
breastfeeding was difficult, but he was bottle fed without any
problems. In the neonatal phase, the mother described him as
hypotonic and to be easily startled. From 4 weeks of age, the
parents noticed twitching of the right leg and more frequent cry-
ing. About 10 days later, a first prolonged seizure occurred and
the patient was admitted to our hospital. At the age of 6 weeks,
body measurements were within the normal range, with weight
of 4200 g (0.26 z), length of 57 cm (0.83 z), and OFC of 37.5 cm
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(0.2 z). Clinical examination was normal and he did not have any
dysmorphic features. EEG showed an immature irregular activ-
ity with multifocal and generalized epileptic discharges. Brain
MRI was normal, aside from a right choroidal fissure cyst. Meta-
bolic workup revealed normal results, including enzyme activi-
ties for CLN1 and CLN2. There was no history of a congenital
infection and TORCH serology was negative. Echocardiogram
and abdominal ultrasound revealed patent foramen ovale without
any other abnormalities.

After the first prolonged seizure at 6 weeks of age, the
boy developed frequent seizures of more than 100 per day,
including myoclonic jerks, tonic clonic seizures, and tonic
seizures. He was treated with various medications, but these
resulted in only a slight improvement in seizure frequency:
pyridoxine, pyridoxal phosphate, folic acid, topiramate,
levetiracetam, brivaracetam, clobazam, vigabatrin, etho-
suximide, and zonisamide. He also received ketogenic diet.
Due to hypsarrhythmia on EEG, a treatment with predniso-
lone according to the ICISS scheme was initiated. He later
received high-dose methylprednisolone, but this resulted in
only temporary improvement. At the age of 2 years, he still
had > 50 myoclonic and tonic seizures per day, including pro-
longed seizures of > 15 min several times a day. EEG showed
a general slowing with multifocal epileptic discharges.

At last follow-up at 2 years of age, the patient had normal
growth parameters with weight of 10.8 kg (—1.30 z), length
of 89 cm (—0.13 z), and OFC of 47.5 cm (— 1.88 z). In addi-
tion to the therapy-resistant epilepsy, he attained no motor
and cognitive developmental milestones. He was severely
hypotonic and had not attained head control. Except for
subtle movements of the feet, he did not show any motor
activity. He was not able to roll, crawl, sit, or walk. He did
not show any reaction to visual or auditory stimuli and his
responses to tactile stimuli were rare. His gaze did not fix on
objects. There was no speech development. Due to frequent
vomiting, a percutaneous jejunostomy was performed at the
age of 20 months. Together, the patient showed the typical
clinical picture of a developmental and epileptic encepha-
lopathy with therapy-resistant epilepsy and no achievement
of developmental milestones.

Genetic and transcript findings

We performed trio exome sequencing in the patient and
parents and did not detect any biallelic or X-chromosomal
variant in a known disease gene or disease gene candidate at
the time of analysis that could underlie his severe develop-
mental and epileptic encephalopathy. We identified three de
novo variants in the patient (Supplementary Table 2), among
them a deep intronic variant in the DEE-associated gene
DNM1, NM_004408.4:¢.1335 4+ 1600C > G, located in the
9631-bp large intron 10 (Fig. 1a). NM_004408.4 represents
the longest DNM1 transcript and contains the alternatively

spliced exon 10b. The NM_004408.4:¢c.1335 + 1600C > G
transversion was absent from the gnomAD databases v.2.1.1
and 3.2.1, while a C-to-T transition at the same position,
NM_004408.4:c.1335 + 1600C > T, was present in 1 of
151,934 alleles (worldwide allele frequency of 0.000006582;
gnomAD v.3.2.1). We validated the DNM1 intronic variant
in leukocyte- and fibroblast-derived DNA of the patient and
confirmed its absence in parental DNA samples by Sanger
sequencing (Fig. 2a). The C-to-G change is at the identi-
cal intronic position according to the two other DNM tran-
script variants NM_001005336.3 and NM_001374269.1
that all contain exon 10b spliced to exon 11 (Fig. 1a). The
three other DNM1 transcript variants NM_001288737.2,
NM_001288738.2, and NM_001288739.2 contain exon 10a
instead of exon 10b (Fig. 1a). According to the three latter
transcript variants, the transversion is located in intron 9 at
position — 46 upstream of the alternatively spliced exon 10a:
NM_001288739.2:¢.1197-46C > G. To predict the effect of
the non-coding change on splicing of DNM I pre-mRNAs, we
used four in silico programs that all predicted creation of a
new splice acceptor site in intron 9 (Supplementary Table 3).
To analyze potential aberrant splicing of DNM1 pre-
mRNAs, we performed qualitative RT-PCR using fibroblast-
derived cDNA of the patient and controls. Cultured fibroblasts
predominantly express the exon 10b containing transcript
variant NM_001374269.1 (Supplementary Fig. 1a according
to GTeX). RT-PCR using primers located in exons 9 and 11
resulted in a single amplicon of 219 bp in the patient and
controls (Supplementary Fig. 1b), which represents DNM I
transcripts in which exon 9 was spliced to exon 10b (Sup-
plementary Fig. 1c). To specifically amplify exon 10a includ-
ing transcript variants, we combined the forward primer
in exon 9 with a reverse primer in exon 10a and obtained
the expected wild-type amplicon of 168 bp in controls and
the 168-bp amplicon in addition to a larger PCR product
(~220 bp) in the patient (Fig. 2b). Cloning of patient-derived
amplicons followed by colony PCR and Sanger sequenc-
ing revealed the presence of wild-type DNM1 transcripts in
which exon 9 was spliced to exon 10a as well as aberrantly
spliced DNM1 mRNAs that contain exon 9, the last 45 bp of
intron 9, and exon 10a in the patient (Fig. 2c). Inclusion of
45 nucleotides of intron 9 in the DNM mRNA is in accord-
ance with usage of the newly generated splice acceptor site in
intron 9: NM_001288738.2:1.1196_1197ins [1197-1_1197-
45]. On protein level, the 45-nucleotide in-frame insertion
in DNM1 mRNAs including exon 10a predicts insertion of
15 DNM1-unrelated amino acid residues between isoleucine
398 and arginine 399, but only in the encoded DNMI1A iso-
forms [NP_001275668.1:p.(I11e398_Arg399ins15)] and not in
DNM 1B isoforms produced from alternatively spliced DNM 1
transcripts with the divergent exon 10b. The 15 inserted amino
acids are located before the 46 residues of the middle domain
encoded by exon 10a in the patient (Figs. 1b and 2c).
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Fig.2 Validation of the DNMI ¢.1197-46C> G variant and DNM1
transcript analysis. a Partial sequence electropherograms demon-
strating a DNM1 NM_001288739.2:c.1197-46C>G variant in the
heterozygous state in leukocyte- and fibroblast-derived DNA of
the patient. The healthy parents (mother and father) do not carry
the intronic DNMI variant in leukocyte-derived DNA. An arrow
points to the heterozygous variant. b 2% agarose gel picture show-
ing amplicons of RT-PCR using fibroblast-derived cDNA of the
patient and three controls with primers located in exons 9 (forward)
and 10a (reverse; orange arrows). Two amplicons, one of the expected
size (168 bp) and one larger product (~220 bp), were present in the
patient. One amplicon (168 bp) was observed in the three controls.

Discussion

We report on a 2-year-old male patient with a de novo
DNM1 pathogenic variant in intron 9 who had the clini-
cal findings of DEE with therapy-resistant epilepsy. The
phenotype of the severely affected boy fits the clinical
spectrum of DNM 1 encephalopathy [17, 44]. In particular,
our patient had a similar severe neurological phenotype
as individuals with heterozygous DNM1 variants affect-
ing both DNM1A and DNM1B isoforms [17], individuals
with heterozygous DNM variants affecting only DNM1A
isoform A [44, 49, 50], and the recently reported individu-
als with homozygous DNM1 loss-of-function variants
[63, 64] (Table 1). The data highlights (i) the importance
of DNM1 isoform A in brain development and cognitive
function and (ii) a similar severe neurodevelopmental dis-
order in patients with heterozygous DNM1 variants caus-
ing a dominant-negative effect and patients with biallelic
loss-of-function DNM1 variants. A few individuals with
heterozygous DNM pathogenic variants were reported to
show milder neurodevelopmental phenotypes, including
three patients with a variant affecting the PH domain of
dynamin 1 (Fig. 1b; Table 1) [46—48].
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Schematics of the exon-exon and exon-intron-exon junctions as well
as the size of the amplicons (after sequencing) are shown on the
right. ¢ Partial sequence electropherogram of the aberrantly spliced
DMNI transcript in the patient. Cloning of patient-derived RT-PCR
amplicons into pCR2.1 TOPO TA cloning vector followed by col-
ony PCR and Sanger sequencing of individual amplicons identified
the larger amplicon (213 bp) to represent DNM transcripts harbor-
ing the last 45 bp of intron 9 between exons 9 and 10a (r.1196_119
7ins[1197-1_1197-45]). Triplets and encoded amino acid residues in
the three-letter code are shown below the sequence. Residues in blue
indicate 15 novel amino acids located between 11e398 and Arg399. In,
intron

The intronic variant NM_001288739.2:¢.1197-46C > G
affects three out of six DNM] transcript variants that
include exon 10a instead of 10b, while almost all other
DNM|1 pathogenic variants affect all six DNM1 transcript
variants (Fig. 1). The ¢.1197-46C > G variant caused aber-
rant splicing of DNM1 pre-mRNAs by inclusion of the
last 45 nucleotides of intron 9 between exon 9 and exon
10a in mature DNM1 transcripts: NM_001288739.2:r.1
196_1197ins[1197-1_1197-45]. The aberrantly spliced
DNM]1 transcripts encode DNM1 mutant proteins with 15
DNM1-unrelated amino acids (SHGCSSSCPHLLPGC)
inserted before a peptide of 46 residues in the middle
domain that is encoded by exon 10a. Accordingly, cells of
the patient expressing DNM A transcript variants are sup-
posed to produce 50% wild-type and 50% mutant DNM1A
[NP_001275668.1:p.(1le398_Arg399ins15)]. The disease
relevance of DNM1 mRNAs including exon 10a is under-
scored by a previously reported de novo DNM pathogenic
variant NM_001288739.1:¢.1197-8G > A in several unre-
lated patients with DEE [44, 49, 50]. This G-to-A transition
in intron 9 is predicted to create a new splice acceptor site
(Supplementary Table 3) and results in an in-frame inser-
tion of two novel amino acids between arginine 399 and
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threonine 400 [p.(Arg399_Thr400insCysArg)] [44]. We
assume that production of DNM 1B isoforms encoded by
DNM 1 mRNAs with the divergent exon 10b is left intact in
patients carrying a DNM sequence change located directly
upstream of the splice acceptor preceding exon 10a.
Dimerization of dynamin is mediated by the middle
domain. Interaction between dynamin dimers drives the
assembly into the helical polymer at the neck of the clathrin-
coated endocytic pit [10, 11]. Several amino acid substitu-
tions affecting the middle domain impair the higher-order
self-assembly process of dynamin, including Arg399Ala
[65] and the disease-associated amino acid substitutions
Gly359Ala and Gly397Asp [31, 53]. These data demonstrate
that residues 397-399 of the dynamin middle domain are
important for dynamin dimerization followed by coordinated
polymerization [53, 65]. Based on this data, any amino acid
insertion between 11398 and Thr400 likely leads to a dom-
inant-negative effect of the DNM1A mutant on dynamin 1
dimerization, polymerization into oligomers, or, as proposed
previously, oligomerization-induced GTPase activation [44].
A spontaneous heterozygous mutation in Dnml, only
affecting exon 10a, has been identified in the “fitful” (allele
symbol: Ftfl) mouse which develops tonic-clonic seizures
from 2 to 3 months of age. The point mutation in exon 10a
results in the substitution p.Ala408Thr leading to expression
of the Dnm1a™ mutant protein, while production of wild-
type Dnm1b isoforms is intact. The Dnm1a™ mutant protein
does not assemble into higher-order dynamin complexes and
interferes with endocytosis. Thus, the Dnml p.Ala408Thr
variant has a dominant-negative effect, possibly by binding
of Dnm1 mutant with wild type that results in non-functional
heterodimers [6]. These data show the importance of the
Dnmla isoform for normal brain function in mice.
Interestingly, DNM transcript variants NM_001288737.2
and NM_001288739.2 including exon 10a show higher expres-
sion in the human cortex than the alternatively spliced mRNAs
including exon 10b (NM_001005336.3, NM_001374269.1, and
NM_004408.4) (Fig. 1a according to GTeX). This finding was
confirmed by RNA-seq data in human pediatric brain samples
that show a 5.7-fold higher expression of DNMIA compared
with DNM 1B mRNAs in the cortex [44]. Developmental neu-
ronal expression of Dnml transcript variants with exon 10a
or 10b and encoded isoforms has been studied in the mouse.
Dnm1b expression is high during embryonic and early postna-
tal development, while Dnma expression increases postnatally
with synaptic maturation. Differential developmental regulation
of DNM 1 exonl0a and 10b alternative splicing in the brain sug-
gests potential functional differences between the two Dnm1
isoforms [6, 66]. Subcellular localization studies demonstrated
co-localization of Dnm1a with clathrin at the plasma membrane,
while Dnm1b isoform preferentially localizes at the Golgi appa-
ratus [7, 66]. Furthermore, Dnm1a and b have different capaci-
ties to bind the interaction partner amphiphysin 1 and to rescue

epileptic pathology in the Dnm ™ mouse. While Dnm1a is able

to prevent the seizure phenotype in the mutant mouse, this is
not the case for Dnm1b. Overall, functional differences between
Dnm1 isoforms a and b with varying amino acid sequences in
a portion of the middle domain have been postulated to reflect
differential endocytic requirements during early and adult brain
functions [66]. These data together with the identification of
pathogenic variants that specifically affect DNM1 transcripts
including exon 10a and that cause pathology in mice and DEE
in humans suggest that particularly the DNM1A isoform plays
a critical role in human brain development.

In conclusion, we show here that a de novo DNM1 intronic
variant NM_001288739.2:¢.1197-46C > G in a patient with
DEE specifically affects DNM1 transcripts including the alter-
natively spliced exon 10a and causes inclusion of 45 intronic
nucleotides in DNMIA mRNAs. The encoded DNM1 iso-
form A mutant is predicted to contain 15 novel amino acids
between 11e398 and Arg399 [NP_001275668.1:p.(11e398_
Arg399ins15)] and is supposed to act in a dominant-negative
manner, potentially by affecting the higher-order oligomeri-
zation of dynamin 1. Functional differences between the two
Dnmla and Dnm1b isoforms and the incapability of Dnm1b
to functionally compensate in the presence of a pathogenic
variant only affecting Dnm1 isoform a in the DnmI™ mouse
[6, 66] can be recapitulated in patients with DEE and DNM 1
pathogenic variants affecting exon 10a and not exon 10b.
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