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Summary

We report two rare homozygous variants, including a recurrent missense and intronic variant, in the EIF3K gene in four unrelated in-
dividuals with global developmental delay, microcephaly, proportionate short stature, dysmorphic craniofacial features, digit flexion
deformities, and the cardiac anomaly, patent ductus arteriosus. Three individuals, who were all of Puerto Rican descent, were homo-
zygous for the NM_013234.3:c.128A>G; p.(Asp43Gly) variant in EIF3K and homozygous for a missense variant in SYNE4
(NM_001039876.2:¢.355C>T; p.(Arg119Trp)). SYNE4 is associated with autosomal recessive bilateral sensorineural hearing loss, which
was also reported in these probands. Analysis of our dataset confirmed these EIF3K and SYNE4 variants were in linkage disequilibrium
in affected individuals, suggesting a possible common ancestor and founder event. A fourth individual from Egypt harbored the ho-
mozygous intronic variant ¢.355-13A>G in EIF3K, which segregated with the phenotype in the family and led to aberrant splicing of
EIF3K pre-mRNAs, as shown by insertion of 12 intronic base pairs, skipping of 2 exons, and significantly reduced EIF3K protein levels
in skin fibroblasts. Through genetic and functional approaches, we suggest that biallelic EIF3K variants are associated with an auto-
somal recessive syndromic neurodevelopmental disorder with growth retardation, microcephaly, congenital heart defect, and other
anomalies.

Introduction

Eukaryotic translation initiation factor 3 (elF3) is the
largest of the eukaryotic initiation factors, containing
13 subunits important for coordinating the assembly of
the 43S pre-initiation complex."? The function of the
smallest subunit, elF3k, is not well defined, but it might
serve as a structural scaffold with surfaces for binding
to other elF3 subunits and to RNA itself.> Although
elF3k is not essential for the assembly of the active
mammalian eIF3 complex,® it is expected to play a regu-
latory role as suggested by its conservation in higher or-
ganisms and ubiquitous expression in human tissues.
Multiple studies propose that elF3k might have a role
in autophagy,® endoplasmic reticulum stress,® cellular ag-
ing, and/or apoptosis.”’

Clinical reports of individuals with variants in the EIF3K
gene are limited.*” Several de novo heterozygous variants
were reported from large cohorts of individuals with

autism spectrum disorder.'**! To our knowledge, no indi-
viduals with biallelic EIF3K variants have been reported.
Here, we describe case-level details of three unrelated
Puerto Rican individuals with a syndromic neurodevelop-
mental phenotype, hearing impairment, and recurrent
homozygous missense variants in EIF3K and SYNE4,
which were shown to be in linkage disequilibrium (LD)
in affected individuals in our dataset. Biallelic loss-of-
function variants in SYNE4 are associated with nonsyn-
dromic autosomal recessive hearing loss reported as
progressive and high frequency, with onset before early
childhood (MIM: 615535). We report significantly over-
lapping phenotypic information for a fourth individual
from Egypt with a homozygous intronic variant in
EIF3K. Functional fibroblast studies showed altered
EIF3K pre-mRNA splicing and significantly reduced
EIF3K protein levels. Collectively, our data provide prom-
ising evidence for EIF3K as a novel disease gene for an
autosomal recessive neurodevelopmental disorder.
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Developmental delays
Microcephaly

Craniofacial dysmorphisms
Digit anomalies

Cardiac anomaly (PDA)
Male genitourinary malformation
Growth delay

Abnormal brain imaging
Hearing loss

Autistic behavior
Hypotonia

Premature birth

Seizure

Abnormal palate morphology

Subjects, material, and methods

The study was conducted under GeneDx protocol Research
to Expand the Understanding of Genetic Variants: Clinical and
Genetic Correlations, in accordance with the Western Insti-
tutional Review Board (WIRB) (protocol 20171030). Indi-
viduals not available to consent for case-level publication
were presented as aggregate data under GeneDx WIRB
protocol 20162523, which states that this research meets
the requirements for waiver of consent. Genetic studies
for individual 4 were performed as approved by the Ethics
Committee of the Hamburg Medical Chamber (PV7038-
4438-BO-ff; Hamburg, Germany). The parents of individ-
ual 4 provided written informed consent for study partic-
ipation, clinical data, sample collection, genetic analysis,
and publication of results, including publication of photo-
graphs (see supplemental methods).

Results

Within GeneDx's database of over 665,000 individuals
with genome/exome sequencing (ES), we identified multi-
ple individuals (<10) with similar phenotypes and the
same seemingly recurrent homozygous missense variants
c.128A>G; p.(Asp43Gly) in EIF3K and c¢.355C>T; p.
(Arg119Trp) in SYNE4 (Table S1). These unrelated individ-
uals, all of whom were of Puerto Rican descent, had no
other causative genetic findings and had overlapping phe-
notypes, including neurodevelopmental delay, micro-
cephaly, short stature, dysmorphic craniofacial features,
congenital anomalies, and hearing loss. Three of the fewer
than 10 individuals (individuals 1-3) consented to case-
level study participation, and their clinical findings are
summarized in Figure 1 and Table 1. Other individuals
(<5) with these variants who were not available for case-
level consent are summarized in aggregate (Figure 1).
Although clinically classified as a variant of uncertain
significance (VUS), various in silico models (queried

o
o
N

Figure 1. Aggregate clinical findings
reported in individuals homozygous
for variants in EIF3K

Data from individuals 1-4 and <5 addi-
tional Puerto Rican individuals identified
in the GeneDx genome/exome database
who were homozygous for the recurrent
missense variant ¢.128A>G in EIF3K and
¢.355C>T in SYNE4. The X axis is the pro-
portion of individuals with each clinical
finding reported. For individuals who
were not available for consent to case-
level inclusion in the study, clinical infor-
mation is based solely on the information
provided at the time of genetic testing.

on a research basis) support the

potential pathogenicity of the rare

EIF3K c¢.128A>G missense variant
(Table S1). It occurs in the proteasome component (PCI)
domain of EIF3K, which mediates and stabilizes protein-
protein interactions (UniProt). There are mixed in silico
predictions for the potential pathogenicity of the SYNE4
¢.355C>T missense variant (Table S1). Our analysis
showed LD for these variants within affected population
groups in internal GeneDx ES/genome sequencing data
as shown by normalized LD values (Table S2).

Through GeneMatcher,'? individual 4 was identified
with a homozygous intronic variant c.355-13A>G in
EIF3K (Table S1). Sanger sequencing showed both parents
and a healthy sibling to be heterozygous carriers
(Figure S1A). For the ¢.355-13A>G variant, splice site pre-
diction programs predicted loss or weakening of the
downstream splice acceptor site in intron 4; one program
predicted the creation of a new splice acceptor site
(Table S1). The phenotype was similar to that of the other
individuals and included global developmental delay,
growth retardation, dysmorphic craniofacial features,
congenital heart defect, and abnormal external genitalia
morphology (Figure 1; Table 1).

To analyze whether the EIF3K ¢.355-13A>G variant
affected splicing of EIF3K pre-mRNAs, we cultivated pri-
mary fibroblasts from a skin biopsy of individual 4 and
confirmed the homozygous EIF3K variant in fibroblast-
derived DNA (Figure S1B). Next, we performed EIF3K tran-
script analysis. The RT-PCR product amplified from con-
trol cells had the expected size (273 bp) (Figure 2A) and
reference sequence (Figure S1C). A larger and a smaller
product were amplified from individual 4 cells
(Figure 2A). After cloning amplicons from individual 4,
we analyzed 51 clones. In 27 clones, we detected an inser-
tion of the last 12 bp of intron 4 between exons 4
and S5 (r.354_355ins355-12_355-1), which is predicted
to lead to an insertion of 4 amino acid residues
[p.(Trp118_GIn119insPheProSerGln)| (Figure 2B). Nine-
teen clones contained the reference sequence
(Figure 2B). In S clones, exon 4 was directly spliced to
exon 7, leading to the loss of 145 bp (r.355_499del), which
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Individual 4

Control 1
Control 2

EIF3K with 12-bp insertion (285 bp) <
EIF3K wildtype (273 bp)

EIF3K without exons 5 and 6 (128 bp)

B EIF3K wildtype

Exon 4 Exon 5
CcCCTTCTGGICAAGC CCECT

Exon 4

EIF3K with 12 bp insertion

Exon 4 Intron 4

CCTTCTGGTTCCCATCACAGCAAGTC CCTCT

o
N
,,

EIF3K without exons 5 and 6

CCTTCTGGACAGTCTCAG

it (Mo

Figure 2. EIF3K transcript and protein
analysis in fibroblasts from individual
4 with the homozygous ¢.355-13A>G
variant

(A) Agarose gel showing EIF3K RT-PCR
amplicons generated with primers located
in exons 4 and 7 using fibroblast-derived
cDNA from individual 4 and two controls.
The 273-bp amplicon represents wild-
type EIF3K transcripts with exon 4 spliced
to exon 5 (B, upper left sequence), the
285-bp amplicon represents EIF3K tran-
scripts with an insertion of the last 12 bp
of intron 4 between exons 4 and 5
(B, lower sequence), and the 128-bp am-
plicon represents transcripts lacking
exons 5 and 6 (B, upper right sequence).

(B) Sequence traces of single-colony PCR
products from cloned RT-PCR amplicons
of individual 4.

(C) Representative immunoblot of whole-
cell lysates obtained from individual 4
and control fibroblasts. Endogenous
EIF3K levels were monitored with an
anti-EIF3K antibody. An anti-glyceralde-
hyde 3-phosphate dehydrogenase anti-
body was used to demonstrate equal
loading.

(D) Quantification of EIF3K protein levels.
Band intensities of fluorescence signals
were quantified using the ChemiDoc im-
aging system. The mean = SD of four in-
dependent experiments is shown Individ-

Marker

Exon 7

Exon 5

c D
< | Kkokok ok
B 2 B © THRRE
T o o [
S & & B -
- c c c
=4 o o o [a)
kDa = Q (&) (&) & 1.0-
25 o
S s - EIFK 2
X
™M 0.51
=
ws |-GAPDH T
35— 2t
0.0-

14 Ctrl1l Ctrl2 Ctrl3

is predicted to cause a frameshift and an introduction
of a premature stop codon [p.(GIn119Thrfs*4)]
(Figure 2B). The data show that the homozygous c.355-
13A>G variant causes aberrant splicing of the EIF3K pre-
mRNA. However, canonically spliced EIF3K transcripts
are also produced.

Next, we studied whether aberrant splicing influences
the EIF3K protein in individual 4's fibroblasts. EIF3K (ex-
pected molecular weight of 25 kDa) was detected at a
molecular weight of ~23 kDa in control fibroblasts. In
individual 4's fibroblasts, we observed a very faint
23-kDa EIF3K band (Figure 2C). Quantification of EIF3K
levels revealed a significant reduction to ~15% compared
to control fibroblasts (Figure 2D). The remaining
EIF3K protein could represent EIF3K wild type and/or
mutant [p.(Trp118_GIn119insPheProSerGln)]. Our func-
tional data demonstrate that the homozygous EIF3K
¢.355-13A>G variant caused aberrant splicing and drasti-

ual data points are shown. One-way
ANOVA with Dunnett's correction was
used for statistical analysis. ****
p < 0.0001; Ctrl, control; 14, individual 4.

cally reduced EIF3K protein levels in
the fibroblasts of individual 4.

Individual 1

Individual 1 was a nearly 7-year-old
Puerto Rican female born full term.
She had an echocardiogram after birth, which noted a
small patent ductus arteriosus (PDA). She was diagnosed
with severe to profound bilateral sensorineural hearing
loss (B-SNHL) at <1 year old. Growth retardation was
noted with weight, height, and head circumference <1st
percentile. She had feeding difficulties, including aspira-
tion of liquids, slow weight gain, failure to thrive,
chronic constipation, and gastroesophageal reflux with
esophagitis, as well as submucous cleft palate. Dysmor-
phic craniofacial features were noted and included large,
sloping, prominent forehead, micrognathia, low-set, cup-
ped ears, abnormal facial shape, highly arched eyebrows,
downturned corners of the mouth, and low-hanging
columella. She also had camptodactyly and an adducted
thumb. Ocular abnormalities included exotropia,
nystagmus, and astigmatism. She had global develop-
mental delay and was nonverbal, with some sign lan-
guage. Autism was diagnosed at age 2 years, 9 months,

6 Human Genetics and Genomics Advances 6, 100438, July 10, 2025



with details of the diagnostic criteria not available.
Around age 4 years, a brain MRI was done and was atyp-
ical (Table 1). Brain images were not available for
publication.

Individual 2

Individual 2 was an 11-year-old Puerto Rican female born
at 36 weeks via induction for intrauterine growth restric-
tion (IUGR) noted at 25 weeks. Individual 2 was diagnosed
with severe to profound B-SNHL through newborn screen.
Congenital microcephaly and growth retardation were
noted at growth parameters <2nd percentile. She spent
6 weeks in a neonatal intensive care unit (NICU) due to
poor weight gain. An echocardiogram showed PDA, and
the brain MRI showed ventriculomegaly. Dysmorphic
craniofacial features included abnormal facial shape, ma-
lar flattening, wide mouth, epicanthus, downslanted
palpebral fissures, anteverted nares, abnormality of the
philtrum, and overfolded helix of the outer ear. Bilateral
overlapping toes were noted. She had global develop-
mental delay, intellectual disability, wide-based gait, and
was nonverbal, with about 100 communicative signs.
She was diagnosed with autism at age 6 (diagnostic criteria
not available) and had behavioral concerns including
hyperactivity, attention difficulties, impulsivity, and
dangerous and self-injurious behaviors. She was found
to have advanced bone age and protruding vertebrae in
the lumbar spine. Other findings included Hashimoto hy-
pothyroidism and abnormal morphology of the external
genitalia (clitoromegaly).

Individual 3
Individual 3 was a 19-year-old Puerto Rican female with a
history of nonverbal intellectual disability, dysmorphic

Figure 3. Photographs of individual 4
Facial photographs of individual 4 at
5 weeks (A and B) and 2 years, 6 months
(C and D) show a prominent forehead,
low-set posteriorly rotated ears with over-
folded helices, highly arched eyebrows
with synophrys, blepharophimosis, pto-
sis, downslanted palpebral fissures, a pro-
nounced nasal bridge and tip, narrow
nares, short columella, long philtrum,
thin upper lip vermillion, and microgna-
thia. (E and F) At 2 years, 6 months, indi-
vidual 4 showed camptodactyly of the
2nd-5th fingers (E) and overlapping
toe and hypoplastic toenails of the left
foot (F).

craniofacial features, hearing loss,
and global developmental delay.
The pregnancy was notable for
IUGR and premature birth at
31 weeks. She had apnea, hypotonia,
microcephaly, and PDA, which
required surgery. Moderate to severe
SNHL was diagnosed at age 2 years.
Head imaging showed thin corpus callosum and unilateral
left deficiency of the modiolus and apical turn of the co-
chlea. She sat at 10 months, walked at 18 months, and
had 6 words at age 3 years, when she was referred to ge-
netics, who noted her height and weight <5th percentile
and head circumference <3rd percentile. At 8 years of
age, she had attention-deficit/hyperactivity disorder
(ADHD), mild contracture of the 5th fingers, small toes,
ptosis, epicanthal folds, low-set small ears with irregular
edge of lobes, prominent nasal bridge, and high palate.
Around 10 years of age, she had a seizure with status epi-
lepticus and was hospitalized, but the electroencephalo-
gram did not show any ongoing seizure tendency, so no
ongoing anticonvulsants were prescribed. She had a his-
tory of behavioral outbursts. Evaluation at age 14 years
found chronic constipation, with weight at the 18th
percentile and height at the O percentile. On a recent visit,
low platelets were noted. A paternal aunt had intellectual
disability, hearing loss, and unspecified cardiac issues.

Individual 4

Individual 4, a 2-year, 6-month-old male, was the fourth
child born to consanguineous healthy Egyptian parents.
He had two healthy siblings and one sibling who showed
overlapping clinical features but also had additional fea-
tures of congenital hydrocephalus and refractory epilepsy
and passed away at age 14 months. The pregnancy of in-
dividual 4 was uncomplicated, and he was delivered at
full term by cesarean section, with a low birth weight
of 2.5 kg. He was admitted to the NICU for 23 days due
to respiratory distress. An echocardiogram at 1 week of
age showed PDA and atrial septal defect. Clinical exami-
nations at age 5 weeks and 2.5 years revealed distinctive
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craniofacial features, including plagiocephaly, prominent
forehead, highly arched eyebrows with synophrys,
blepharophimosis, ptosis, and downslanted palpebral fis-
sures (Figures 3A-3D). Additionally, he had low-set, pos-
teriorly rotated ears with overfolded helices, a prominent
nasal bridge and tip, narrow nares, a short columella,
long philtrum, thin upper lip vermillion, high palate,
and micrognathia. He had bilateral camptodactyly of
the 2nd-5th fingers, bilateral overlapping toes, hypoplas-
tic toenails (Figures 3E and 3F), bilateral cryptorchidism,
and hypospadias. At the age of 2.5 years, growth retarda-
tion was noted with weight of 7.5 kg (—3.00 SD), length
of 80 cm (—2.70 SD), and head circumference of 42.5 cm
(—3.00 SD). He had global developmental delay with par-
tial neck support and spoke only two words, consistent
with language delay. Fundoscopy, hearing examination,
and brain imaging were normal.

Discussion

The present report suggests that biallelic EIF3K variants
are associated with an autosomal recessive syndromic
neurodevelopmental disorder. All individuals with
homozygous EIF3K variants showed developmental de-
lays, microcephaly, dysmorphic craniofacial features
(Figure 3), digit flexion anomalies, PDA, and genitouri-
nary malformations in males. Nearly all individuals had
proportionate short stature and abnormal brain imaging.
Our cohort included individuals 1-3, an aggregate cohort
of <5 additional Puerto Rican individuals with the recur-
rent homozygous EIF3K missense variant c.128A>G, and
individual 4 with the homozygous non-coding variant
¢.355-13A>G.

There is precedence for autosomal recessive Mendelian
disease related to an elF3 subunit, specifically EIF3F, in
which biallelic variants cause intellectual developmental
disorder 67 (MIM: 618295). EIF3F-related neurodevelop-
mental disorder is characterized by global developmental
delay, microcephaly, epilepsy, muscular hypotonia or hy-
pertonia, hearing loss, ophthalmologic anomalies, and
short stature.'*'* Interestingly, a recurrent homozygous
missense variant in EIF3F has been recognized as a founder
variant in 15 families of European/west Asian descent.'*

All individuals with the recurrent homozygous
missense variant ¢.128A>G in EIF3K were homozygous
for ¢.355C>T in SYNE4. Nearly all individuals with this
haplotype had severe to profound congenital B-SNHL
(Figure 2). They were not known to be related to one
another, were all of Puerto Rican descent, and the ES did
not indicate evidence of consanguinity. This report raises
the possibility that the dual homozygosity of these EIF3K
and SYNE4 missense variants may lead to the dual diag-
nosis of neurodevelopmental disorder and hearing loss.
A case-level analysis of additional individuals with EIF3K
variants is needed to determine the gene associated with
the hearing loss phenotype.

Statistical analysis within the GeneDx ES database
demonstrated that the EIF3K ¢.128A>G and SYNE4
¢.355C>T variants showed LD among affected individuals
(Table S2). The co-occurrence of the homozygous vari-
ants suggests a potential population founder effect,
which has been documented in affected individuals of
Puerto Rican descent.'*™'” The early ancestral population
of Puerto Rico shows very low genetic diversity, implying
an early founder effect that could predate European con-
tact with the island.'® This linkage analysis provided
valuable insight into the rare occurrence of these vari-
ants, their relationship to each other, and the increased
prevalence of the homozygous pair in affected
individuals.

Through GeneMatcher,'” we also report clinical details
of individual 4, harboring the homozygous intronic
variant ¢.355-13A>G in EIF3K (Table S1). This proband
contributes significantly to the GeneDx cohort with strik-
ing phenotypic overlap, disease by variant segregation in
his family, and convincing functional evidence that this
non-coding variant adversely affects pre-mRNA splicing
and drastically reduces EIF3K protein levels in fibroblast
cells (Figure 2). While further studies are necessary to
prove that partial loss of function is a mechanism of dis-
ease for variants in EIF3K, the inclusion of individual 4
in this report contributes considerably to potential
pathogenicity.

The limitations of our report include only four individ-
uals who consented to case-level publication. There are
also limitations to clinical findings, including the
16p11.2 duplication syndrome (MIM# 611913) in individ-
ual 1, which could have contributed to her phenotype,
lack of detailed audiometric evaluations to know whether
the B-SNHL was consistent with the type reported in
SYNE4, and lack of photographs for the majority of the
cohort, making it difficult to determine whether there
was a typical facial gestalt.

In summary, we provide initial evidence that biallelic
EIF3K variants are associated with neurodevelopmental
delay, microcephaly, growth retardation, dysmorphic
craniofacial features, digit anomalies, cardiac defects,
and male genitourinary malformations. Individuals
with the recurrent missense ¢.128A>G EIF3K variant
shared Puerto Rican ancestry and LD, raising the possi-
bility of a founder effect. Functional studies showed
aberrant splicing and significant EIF3K protein
reduction for the variant c.355-13A>G, suggesting a
potential (partial) loss-of-function mechanism. Our
findings support the value of ES, a large clinical labora-
tory database, and GeneMatcher as important ap-
proaches to new gene discovery in undiagnosed and
rare diseases.

Data and code availability

ES data were generated during clinical testing; however, study
individuals were not consented for data sharing.
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