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Abstract

Eukaryotic translation elongation factor 2 (eEF2), encoded by the gene £EFZ, is an essential factor
involved in the elongation phase of protein translation. A specific heterozygous missense variant
(p.P596H) in EEF2was originally identified in association with autosomal dominant adult-onset
spinocerebellar ataxia-26 (SCA26). More recently, additional heterozygous missense variants in
this gene have been described to cause a novel, childhood-onset neurodevelopmental disorder
with benign external hydrocephalus. Herein, we report two unrelated individuals with a similar
gene-disease correlation to support this latter observation. Patient 1 is a 7-year-old male with

a previously reported, de novo missense variant (p.VV28M) who has motor and speech delay,
autism spectrum disorder, failure to thrive with relative macrocephaly, unilateral microphthalmia
with coloboma and eczema. Patient 2 is a 4-year-old female with a novel de novo nonsense
variant (p.Q145X) with motor and speech delay, hypotonia, macrocephaly with benign ventricular
enlargement, and keratosis pilaris. These additional cases help to further expand the genotypic and
phenotypic spectrum of this newly described £EF2-related neurodevelopmental syndrome.
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Introduction

Intracellular protein synthesis is the last step of the central dogma and plays an essential role
in maintaining cellular homeostasis. Protein translation consists of four phases including
initiation, elongation, termination, and ribosome recycling [Blanchet and Ranjan 2022].
Translation initiation is the first step of protein synthesis whereby the ribosome becomes
engaged with initiation codon of messenger RNA (mRNA\). During elongation, amino acids
are added to the carboxy terminus of a nascent polypeptide chain. Upon recognition of a
stop codon, the synthesized polypeptide is released from the ribosome. These four steps

are orchestrated by eukaryatic initiation factors (elF), eukaryotic elongation factors (eEF),
eukaryotic termination or release factors (eRF), and recycling factors, respectively [Blanchet
and Ranjan 2022]. While translation is used ubiquitously across all cell types, neuronal

cells are particularly sensitive to translational defects, partly due to their large cellular size
and requirement of MRNA translation in axons and dendrites [Glock et al. 2021; Job and
Eberwine 2001]. Because regulation of gene expression in neuronal cells relies heavily on
local translation, one can speculate that pathogenic variants in genes encoding translational
regulatory molecules are likely to cause neurological disorders. Supporting this notion,
variants in E/F2B1, EIF2B2, EIF2B3, EIF2B4, EIF2B5, EIF253, EIF3F, EIF4A2 EIF4G1,
and £/F5A encoding elF proteins, have been linked to neurological disorders [Borck et al.
2012; Chartier-Harlin et al. 2011; Faundes et al. 2021; Leegwater et al. 2001; Martin et al.
2018; Moortgat et al. 2016; Paul et al. 2022; Skopkova et al. 2017; van der Knaap et al.
2002].

In addition to the genes encoding elF proteins, variants in the ££F2 gene, which encodes
eukaryotic translation elongation factor 2 (eEF2), one of the eEF proteins, have been
reported in a limited number of individuals with neurological manifestations. A missense
variant in EEFZ, p.P596H, causes autosomal dominant adult-onset spinocerebellar ataxia

26 (SCA26) [Hekman et al. 2012]. Recently, Nabais Sa et al. identified three individuals
with developmental delay with benign external hydrocephalus due to heterozygous, de novo
missense variants in ££F2 [Nabais Sa et al. 2021]. However, given the limited number of
reported cases, the clinical and variant spectrum of a genetic disorder due to £EF2 variants
remain largely unknown. Here, we report two additional individuals with EEF2 variants
expanding the genotypic and phenotypic description of EEF2-related human disease (Fig 1).

Case Report

Patient 1

Patient 1 is a 7-year-old male who was initially evaluated by the genetics service at 3 weeks
of age for right-sided microphthalmia noted at birth. The prenatal course was unremarkable
with normal routine ultrasounds. He was delivered at 37 weeks gestation with birth weight
2863 g (501" centile) and length 49.5 cm (75 centile). Head circumference is unknown.
Ophthalmologic evaluation at 2 weeks of age demonstrated coloboma of the iris and retina
in the right eye and a morning glory disc anomaly of the left eye.

Clinically, additional medical issues included gross motor and speech delay, failure to thrive,
relative macrocephaly and eczema. Developmentally, he walked at 2 years old. At age 2,
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his vocabulary consisted of only 6 words and at age 5, he spoke in short sentences with
limited, repetitive words and perseverates on certain topics. He was subsequently diagnosed
with autism spectrum disorder of moderate severity. At age 6 years, he was speaking in

full sentences and was readily understood by unfamiliar listeners. In terms of growth, he
remains gastrostomy tube-dependent for nutrition, initially due to oral feeding intolerance
and episodic vomiting, and persistent oral motor dysfunction. Endocrinologic evaluation did
not reveal an organic cause for his poor growth. He also had significant visual impairment
in his right eye secondary to the coloboma. At 3 years and 5 months of age, his head
circumference was 50.7 cm (49™ centile) and his height was 87.8 cm (Z= -2.71).

At 7 years old, his weight is 18.2 kg (Z=-2.18), and height is 110.7 cm (Z= —2.43). Physical
exam was notable for a prominent forehead, midface hypoplasia, right microphthalmia with
ptosis, small palpebral fissures, deeply set eyes, low set ears, small upturned nose, long
philtrum and thin upper lip (Fig 2). Brain MRI demonstrated mildly increased extra-axial
fluid (Fig 2).

Patient 2 is a 15-month-old female who was initially evaluated by genetics for global
developmental delay, macrocephaly and hypotonia. She was the product of a naturally
conceived single gestation to a 35-year-old G3P2 mother and 36-year-old father. The
prenatal history was notable for prominence of cerebral ventricles identified on routine
ultrasound at 34 weeks gestation, confirmed by fetal MRI. There were no other anomalies
identified and no other complications during pregnancy were reported. She was delivered

at 37 weeks gestation with birth weight 3317 g (75"centile), length 48.3 cm (50tcentile)
and head circumference 35.1 cm (59" centile). Neonatal history was notable for difficulty
with weight gain. She had frequent episodes of otitis media, requiring bilateral myringotomy
tube placement at 15 months old. One week post-operatively, she was found to have a
retropharyngeal abscess that required intravenous antibiotics. Developmentally, she had
significant motor and mild speech delays. She sat at 11.5 months, crawled at 12 months, but
was not yet walking at 15 months. Her first words were at 12 months and by 15 months, she
had a 10-word vocabulary. Her social and fine motor milestones were age appropriate.

At 15 months, her weight was 9.6 kg (471 centile), height 78 cm (53th centile) and head
circumference 50 cm (Z= 3.08). Her physical exam was notable for macrocephaly with
frontal bossing, depressed nasal bridge, keratosis pilaris on the forehead, thin upper lip and
axial and appendicular hypotonia (Fig 2). Brain MRI was performed given her macrocephaly
and hypotonia and demonstrated benign enlargement of the ventricles and extra-axial spaces
(Fig 2). She had a normal ophthalmologic exam without evidence of papilledema.

At 4 years old, her weight was 16.6 kg (62"dcentile), height 104.4 cm (77t centile) and

head circumference 54.2 cm (Z= 3.02). Developmentally, she walked at 18 months and was
working on climbing stairs and dressing herself. Her language development improved and
was age appropriate. Her physical exam was notable for macrocephaly with frontal bossing,
sparse eyebrows with thin terminal hair, broad nasal tip with low columella, dermatographia,
and axial and appendicular hypotonia (Fig 2).
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Methods/Results

Patient 1 was identified during routine clinical care to likely have a genetic basis

for his problems. His chromosomal microarray showed two copy number variants of
uncertain significance: 329 kb loss at 17925.3(chr17: 80,558,676-80,887,477 (GRCh37))
and 1,065 kb gain at 18912.2(chr18: 33,748,334-34,813,244 (GRCh37)). 17g25.3 deletion
includes seven genes and 18q12.2 duplication includes five genes. Subsequently, Patient

1 was enrolled in a research study at Rady Children’s Institute for Genomic Medicine

for rapid whole genome sequencing in acutely ill patients (WIRB #20171726). Whole
genome sequencing was carried out (June 2019) according to methods reported

in detail in Kingsmore et al. (2019). Initial results showed a single nucleotide

variant (SNV) in /GFZ2(NM_001127598.2: ¢.663C>G, p.D221Q), a microdeletion of
17925.3 (chr17:80,544,401-80,883,200 (GRCh37.1)) and a microduplication of 18q12.2
(chr18:33,748,944-34,817,330 (GRCh37.1)), both interpreted as variants of uncertain
significance. Parental samples were then obtained, which revealed the /GF2 SNV to be

of maternal inheritance and the microdeletion to be of paternal inheritance. The 17925.3
microduplication was found to be inherited from the mother. Additionally, a de novo variant
in EEF2(NM_001961.3: c.82G>A, p.V28M) was found, initially interpreted as a variant of
uncertain significance due to uncertain association of the gene with human disease, but later
(2021) was revised to likely pathogenic when the same variant was published by Nabais Sa
et al. (2021). V28 is an evolutionally conserved amino acid. The same variant has not been
seen in a healthy population [Karczewski et al. 2020].

Patient 2 was identified during a routine inpatient consultation to have a suspected genetic
basis for her constellation of medical diagnoses. Patient 2 had a clinical trio whole exome
sequencing performed by GeneDx (August 2019) utilizing a proprietary capture system
developed by GeneDx for next-generation sequencing with copy number variant (CNV)
calling. Enriched targets were sequenced on an lllumina platform and analyzed using a
custom-developed analysis tool [Retterer et al. 2015]. Initial results identified a de novo
nonsense variant in ££F2 (NM_001961.3: ¢.433 C>T, p.GIn145Ter) which was interpreted
as a variant of uncertain significance classified as a candidate gene in accordance with
ACMG guidelines [Richards et al. 2015]. p.GIn145Ter represents a novel variant and

has not been seen in a healthy population [Karczewski et al. 2020].The variant was

not previously published or observed in large population cohorts but predicted to result

in protein truncation. Similar to Patient 1, the report was later (2022) revised to likely
pathogenic variant after additional individuals with similar clinical features and missense
variants in EEF2were reported by Nabais Sa et al.

Discussion

Here we describe two individuals with de novo EEF2 variants presenting with
neurodevelopmental phenotypes. Recently, Nabais Sa et al. reported three children with
EEF2variants, and they proposed that ££F2 variants cause a neurodevelopmental syndrome,
termed EEFZ-related disorder [Nabais S& et al. 2021]. In addition, Zhao and Mata-Machado
reported another patient with developmental delay, obesity and behavioral issues due to an
EEF2missense variant [Zhao and Mata-Machado 2022]. Our report supports the notion that
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heterozygous E£EF2 variants cause a neurodevelopmental syndrome, distinctively different
from spinocerebellar ataxia syndrome (SCA26). Based on the common clinical features seen
among the previously reported patients and those reported herein, the cardinal features of
this syndrome are developmental delay, relative macrocephaly and facial dysmorphisms.

In addition to commonly seen clinical features, patient 1 demonstrated coloboma and
microphthalmia. It remains unknown whether these ocular manifestations are a part of
EEF2-related neurodevelopmental disorder or not. In the previous report by Nabais S&

et al. strabismus and myopia were reported as clinical features seen in individuals with
EEF2 pathogenic variants [Nabais Sa et al. 2021]. Further reports will be necessary to
determine whether coloboma and microphthalmia are a part of the phenotypic spectrum of
the EEFZ2-related neurodevelopmental disorder.

Additionally, our report expands the mutational spectrum of EEFZ-related
neurodevelopmental disorder. The four previously reported cases all had missense variants
(\Val28Met, Cys388Tyr, Ala736Val, and His769Tyr) in exon 2, 9, 13, and 14 of the EEF2
gene[Nabais Sa et al. 2021; Zhao and Mata-Machado 2022] (Fig 1). Patient 1 in our case
report had the same missense variant, p.Val28Met as patient 1 in the report by Nabais

Sa et al [Nabais Sa et al. 2021]. p.Val28Met represents a recurrent variant resulting in a
neurodevelopmental phenotype. Patient 2 in our case report is the first patient to be reported
in the literature with an EEF2-related neurodevelopmental disorder due to a nonsense
variant. Based on the location of this nonsense variant which is located in exon 4 of 15

(Fig 1), it is anticipated that the mutant ££F2transcript undergoes nonsense mediated decay.
EEF2loss-of-function variants are rarely identified in a healthy population (pLI of 1 and
loss of function observed/expected upper bound fraction (LOEUF) of 0.172) [Karczewski

et al. 2020], indicating that ££F2 loss-of-function variants are detrimental to human
development. Collectively, our finding suggests that ££F2-related neurodevelopmental
disorder is due to loss-of-function of eEF2. Of note, fewer ££F2 missense variants

were observed than expected in the healthy population (observed / expected ratio = 0.42)
[Karczewski et al. 2020]. Hence, in addition to four pathogenic missense variants (Table 1),
there likely exist additional missense variants resulting in £E£F2-related neurodevelopmental
disorder.

Although eEF?2 is a ubiquitously expressed protein involved in protein translation regulation,
clinical symptoms of ££F2-related neurodevelopmental disorder and ££F2-related SCA
indicate the particular importance of eEF2 in neuronal function. This observation comports
with basic research findings suggesting the importance of eEF2 in regulating neurogenesis,
synaptic function and social novelty behavior [Ma et al. 2022; Taha et al. 2020]. EEF2-
related disorder serves as a valuable model to understand the role of eEF2 in regulating
neurocognitive development in human.

In summary, we report two individuals with ££F2variant who manifested with
developmental delay, relative macrocephaly and facial dysmorphism, providing further
evidence that heterozygous pathogenic ££F2 variants cause a child-onset disorder, EEF2-
related neurodevelopmental disorder. Our data suggest that not only specific missense
variants, but also loss-of-function variants cause ££F2-related neurodevelopmental disorder.

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.
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In the previous study evaluating the neurobehavioral phenotype of heterozygous loss-of-
function £ef2 mutant mice, alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
receptor (AMPAR) potentiator, PF-4778574, corrected neurobehavioral phenotype of
these mice [Ma et al. 2022]. Our demonstration that ££F2 loss-of-function variants

cause a neurodevelopmental phenotype in human, raising an interesting possibility that
AMPAR potentiator may also ameliorate neurological symptoms of human patients with
EEFZ-related neurodevelopmental disorder. Towards the identification of such therapeutic
strategies, further clinical cohort studies are warranted in order to delineate the clinical and
mutational spectrum of EEF2-related neurodevelopmental disorder.

Acknowledgments

We thank Drs. Maria Nabais S&, Jonathan Dinman and Bert de Vries for correspondence on their patients and
publication, connected through GeneMatcher [Sobreira et al. 2015]. RG was supported by the National Institutes
of Health under award number 5T32GMO008638-24. We gratefully acknowledge the contribution of the Rady
Children’s Institute for Genomic Medicine, specifically Stephen Kingsmore, Katarzyna Ellsworth and Jerica
Lenberg, for sequencing and variant interpretation support.

Data Availability Statement

The data that support the findings of this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical
restrictions.

References:

Blanchet S, Ranjan N. 2022. Translation Phases in Eukaryotes. Methods Mol Biol 2533:217-228.
[PubMed: 35796991]

Borck G, Shin BS, Stiller B, Mimouni-Bloch A, Thiele H, Kim JR, Thakur M, Skinner C, Aschenbach
L, Smirin-Yosef P, Har-Zahav A, Nurnberg G, Altmuller J, Frommolt P, Hofmann K, Konen
O, Nurnberg P, Munnich A, Schwartz CE, Gothelf D, Colleaux L, Dever TE, Kubisch C, Basel-
Vanagaite L. 2012. elF2gamma mutation that disrupts elF2 complex integrity links intellectual
disability to impaired translation initiation. Mol Cell 48(4):641-646. [PubMed: 23063529]

Chartier-Harlin MC, Dachsel JC, Vilarino-Guell C, Lincoln SJ, Lepretre F, Hulihan MM, Kachergus J,
Milnerwood AJ, Tapia L, Song MS, Le Rhun E, Mutez E, Larvor L, Duflot A, Vanbesien-Mailliot
C, Kreisler A, Ross OA, Nishioka K, Soto-Ortolaza Al, Cobb SA, Melrose HL, Behrouz B, Keeling
BH, Bacon JA, Hentati E, Williams L, Yanagiya A, Sonenberg N, Lockhart PJ, Zubair AC, Uitti
RJ, Aasly JO, Krygowska-Wajs A, Opala G, Wszolek ZK, Frigerio R, Maraganore DM, Gosal D,
Lynch T, Hutchinson M, Bentivoglio AR, Valente EM, Nichols WC, Pankratz N, Foroud T, Gibson
RA, Hentati F, Dickson DW, Destee A, Farrer MJ. 2011. Translation initiator EIF4G1 mutations in
familial Parkinson disease. Am J Hum Genet 89(3):398-406. [PubMed: 21907011]

Faundes V, Jennings MD, Crilly S, Legraie S, Withers SE, Cuvertino S, Davies SJ, Douglas AGL,

Fry AE, Harrison V, Amiel J, Lehalle D, Newman WG, Newkirk P, Ranells J, Splitt M, Cross

LA, Saunders CJ, Sullivan BR, Granadillo JL, Gordon CT, Kasher PR, Pavitt GD, Banka S. 2021.
Impaired elF5A function causes a Mendelian disorder that is partially rescued in model systems by
spermidine. Nat Commun 12(1):833. [PubMed: 33547280]

Glock C, Biever A, Tushev G, Nassim-Assir B, Kao A, Bartnik I, Tom Dieck S, Schuman EM. 2021.
The translatome of neuronal cell bodies, dendrites, and axons. Proc Natl Acad Sci U S A 118(43).
Hekman KE, Yu GY, Brown CD, Zhu H, Du X, Gervin K, Undlien DE, Peterson A, Stevanin G, Clark
HB, Pulst SM, Bird TD, White KP, Gomez CM. 2012. A conserved eEF2 coding variant in SCA26

leads to loss of translational fidelity and increased susceptibility to proteostatic insult. Hum Mol
Genet 21(26):5472-5483. [PubMed: 23001565]

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Guo et al.

Page 7

Job C, Eberwine J. 2001. Localization and translation of mMRNA in dendrites and axons. Nat Rev
Neurosci 2(12):889-898. [PubMed: 11733796]

Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alfoldi J, Wang Q, Collins RL, Laricchia
KM, Ganna A, Birnbaum DP, Gauthier LD, Brand H, Solomonson M, Watts NA, Rhodes D,
Singer-Berk M, England EM, Seaby EG, Kosmicki JA, Walters RK, Tashman K, Farjoun Y, Banks
E, Poterba T, Wang A, Seed C, Whiffin N, Chong JX, Samocha KE, Pierce-Hoffman E, Zappala Z,
O'Donnell-Luria AH, Minikel EV, Weisburd B, Lek M, Ware JS, Vittal C, Armean IM, Bergelson
L, Cibulskis K, Connolly KM, Covarrubias M, Donnelly S, Ferriera S, Gabriel S, Gentry J, Gupta
N, Jeandet T, Kaplan D, Llanwarne C, Munshi R, Novod S, Petrillo N, Roazen D, Ruano-Rubio
V, Saltzman A, Schleicher M, Soto J, Tibbetts K, Tolonen C, Wade G, Talkowski ME, Genome
Aggregation Database C, Neale BM, Daly MJ, MacArthur DG. 2020. The mutational constraint
spectrum quantified from variation in 141,456 humans. Nature 581(7809):434-443. [PubMed:
32461654]

KingsmoreKingsmore SF, Cakici JA, Clark MM, Gaughran M, Feddock M, Batalov S, Bainbridge
MN, Carroll J, Caylor SA, Clarke C, et al. ; RCIGM Investigators (2019). A randomized, controlled
trial of the analytic and diagnostic performance of Singleton and Trio, rapid genome and exome
sequencing in ill infants. Am. J. Hum. Genet 105, 719-733. [PubMed: 31564432]

Leegwater PA, Vermeulen G, Konst AA, Naidu S, Mulders J, Visser A, Kersbergen P, Mobach

D, Fonds D, van Berkel CG, Lemmers RJ, Frants RR, Oudejans CB, Schutgens RB, Pronk
JC, van der Knaap MS. 2001. Subunits of the translation initiation factor elF2B are mutant
in leukoencephalopathy with vanishing white matter. Nat Genet 29(4):383-388. [PubMed:
11704758]

Ma X, Li L, Li Z, Huang Z, Yang Y, Liu P, Guo D, Li Y, Wu T, Luo R, Xu J, Ye WC, Jiang B, Shi L.
2022. eEF2 in the prefrontal cortex promotes excitatory synaptic transmission and social novelty
behavior. EMBO Rep 23(10):e54543. [PubMed: 35993189]

Martin HC, Jones WD, Mclintyre R, Sanchez-Andrade G, Sanderson M, Stephenson JD, Jones CP,
Handsaker J, Gallone G, Bruntraeger M, McRae JF, Prigmore E, Short P, Niemi M, Kaplanis J,
Radford EJ, Akawi N, Balasubramanian M, Dean J, Horton R, Hulbert A, Johnson DS, Johnson K,
Kumar D, Lynch SA, Mehta SG, Morton J, Parker MJ, Splitt M, Turnpenny PD, Vasudevan PC,
Wright M, Bassett A, Gerety SS, Wright CF, FitzPatrick DR, Firth HV, Hurles ME, Barrett JC,
Deciphering Developmental Disorders S. 2018. Quantifying the contribution of recessive coding
variation to developmental disorders. Science 362(6419):1161-1164. [PubMed: 30409806]

Moortgat S, Desir J, Benoit V, Boulanger S, Pendeville H, Nassogne MC, Lederer D, Maystadt
1. 2016. Two novel EIF2S3 mutations associated with syndromic intellectual disability with
severe microcephaly, growth retardation, and epilepsy. Am J Med Genet A 170(11):2927-2933.
[PubMed: 27333055]

Nabais Sa MJ, Olson AN, Yoon G, Nimmo GAM, Gomez CM, Willemsen MA, Millan F, Schneider A,
Pfundt R, de Brouwer APM, Dinman JD, de Vries BBA. 2021. De Novo variants in EEF2 cause
a neurodevelopmental disorder with benign external hydrocephalus. Hum Mol Genet 29(24):3892-
3899. [PubMed: 33355653]

Paul MS, Duncan AR, Genetti CA, Pan H, Jackson A, Grant PE, Shi J, Pinelli M, Brunetti-Pierri N,
Garza-Flores A, Shahani D, Saneto RP, Zampino G, Leoni C, Agolini E, Novelli A, Blumlein U,
Haack TB, Heinritz W, Matzker E, Alhaddad B, Abou Jamra R, Bartolomaeus T, AlHamdan S,
Carapito R, Isidor B, Bahram S, Ritter A, Izumi K, Shakked BP, Barel O, Ben Zeev B, Begtrup
A, Carere DA, Mullegama SV, Palculict TB, Calame DG, Schwan K, Aycinena ARP, Traberg R,
Genomics England Research C, Douzgou S, Pirt H, Ismayilova N, Banka S, Chao HT, Agrawal
PB. 2022. Rare EIF4A2 variants are associated with a neurodevelopmental disorder characterized
by intellectual disability, hypotonia, and epilepsy. Am J Hum Genet.

Retterer K, Scuffins J, Schmidt D, Lewis R, Pineda-Alvarez D, Stafford A, Schmidt L, Warren S,
Gibellini F, Kondakova A, Blair A, Bale S, Matyakhina L, Meck J, Aradhya S, Haverfield E.
Assessing copy number from exome sequencing and exome array CGH based on CNV spectrum
in a large clinical cohort. Genet Med. 2015 Aug;17(8):623-9. doi: 10.1038/gim.2014.160. Epub
2014 Nov 6. [PubMed: 25356966]

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody WW, Hegde M, Lyon E, Spector E,
Voelkerding K, Rehm HL. Standards and guidelines for the interpretation of sequence variants: a
joint consensus recommendation of the American College of Medical Genetics and Genomics and

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Guo et al.

Page 8

the Association for Molecular Pathology. ACMG Laboratory Quality Assurance Committee. Genet
Med. 2015 May;17(5):405-24. [PubMed: 25741868]

Skopkova M, Hennig F, Shin BS, Turner CE, Stanikova D, Brennerova K, Stanik J, Fischer U, Henden
L, Muller U, Steinberger D, Leshinsky-Silver E, Bottani A, Kurdiova T, Ukropec J, Nyitrayova O,
Kolnikova M, Klimes I, Borck G, Bahlo M, Haas SA, Kim JR, Lotspeich-Cole LE, Gasperikova D,
Dever TE, Kalscheuer VM. 2017. EIF2S3 Mutations Associated with Severe X-Linked Intellectual
Disability Syndrome MEHMO. Hum Mutat 38(4):409-425. [PubMed: 28055140]

Sobreira N, Schiettecatte F, Valle D, Hamosh A. 2015. GeneMatcher: a matching tool for connecting
investigators with an interest in the same gene. Hum Mutat 36(10):928-930. [PubMed: 26220891]

Taha E, Patil S, Barrera I, Panov J, Khamaisy M, Proud CG, Bramham CR, Rosenblum K. 2020. eEF2/
eEF2K Pathway in the Mature Dentate Gyrus Determines Neurogenesis Level and Cognition. Curr
Biol 30(18):3507-3521 e3507. [PubMed: 32707059]

van der Knaap MS, Leegwater PA, Konst AA, Visser A, Naidu S, Oudejans CB, Schutgens RB,

Pronk JC. 2002. Mutations in each of the five subunits of translation initiation factor elF2B can
cause leukoencephalopathy with vanishing white matter. Ann Neurol 51(2):264-270. [PubMed:
11835386]

Zhao H, Mata-Machado N. 2022. A Comparison of Pathogenic Eukaryotic Elongation Factor 2 (EEF2)
Variants in Spinocerebellar Ataxia 26 Versus De Novo Mutations. Cureus 14(7):e26857. [PubMed:
35847164]

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Guo et al. Page 9

cDNA

exon

5 3’

Protein
N-terminus

Translational-type guanine nucleotide-
binding (G) domain

C-terminus

=
2
4
-
=
(X

p.(Val28Met)
p.(Cys388Tyr)
p.(Pro596His)
p.(Ala736Val)—
p.(His769Tyr) —

p

Patient 1 Patient 2

Fig 1.

Lc?cations of identified variants in EEF2 (NM_001961). Variants identified in the Patient
1 and Patient 2 as well as previously reported missense variants are depicted [Hekman et
al. 2012; Nabais Sa et al. 2021; Zhao and Mata-Machado 2022]. The variant of the Patient
1 was identified in a different subject reported by Nabais Sa et al. 2021. Missense variant
causing SCAZ26 is indicated in Italics [Hekman et al. 2012].

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Guo et al.

Am J Med Genet A. Author manuscript; available in PMC 2024 October 01.

Page 10



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Guo et al.

Page 11

Fig 2.

CI?nicaI features of £EEF2-related neurodevelopmental disorder. (A-C) Facial features and
neuroimaging finding of the Patient 1. (A) Patient 1 picture at 19 months. (B) Patient 1
pictures at 5 years. Note prominent forehead, midface hypoplasia, right microphthalmia
with ptosis, small palpebral fissures, deeply set eyes, low set ears, small upturned nose,
long philtrum and thin upper lip. (C) Brain MRI of the Patient 1 at 3 weeks of age.

Mild prominence of the extra axial space is demonstrated. (D-H) Facial features and
neuroimaging finding of the Patient 2. (D) Patient 2 pictures at different ages, 15 months,
and (E) 4 years, show the evolution of facial appearance and dysmorphisms. (F-H) Brain
MRI findings of the Patient 2 at 8 months old. There is prominence of the extra-axial
subarachnoid CSF spaces in the frontoparietal regions (arrows, F and G), along with
prominence of the lateral ventricles and under-opercularization of the insula bilaterally
(arrows, H).
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