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Abstract: The NSUN2-intellectual disability syndrome is a rare disorder of the cellular transcriptome that prevents
proper t-RNA splicing. This disorder interrupts cellular function and leads to an accumulation of RNA fragments,
producing a constellation of symptoms including dysmorphic facies, hypotonia, microcephaly, and short stature. Eye
manifestations have been reported but not well characterized. Our study presents a new case involving a 4-year-old
boy with novel NSUN2 variants and clinical features consistent with the syndrome. In addition, through a systemic
review, we discuss the 24 previously reported cases of the syndrome with an emphasis on the eye and ocular adnexa clinical features.
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Introduction
The NSUN2 intellectual disability syndrome
(MIM #611091) is a rare disorder caused by
mutations in post-transcriptional tRNA modification. Located at chromosome 5p15.31, the
NSUN2 gene encodes a 5-cytosine methyltransferase required for the proper splicing of
an intron containing tRNA at C34 of tRNA-leu
(CAA) and at C47 and C48 of tRNA-asp (GTC)
[1, 2]. Blanco et al. suggests that failure of
NSUN2-mediated tRNA methylation contributes to disease via accumulation of 5’tRNAderived small RNA fragments [3]. These fragments trigger stress-induced RNA cleavage.
Moreover, the accumulation of these fragments reduces translation rates, reduces cell
size, contributes to infertility, may induce cyclic
alopecia, and increases apoptosis of cortical,
hippocampal, and striatal neurons [3].
First reported among consanguineous Iranian
and Kurdish families, the NSUN2 intellectual
disability syndrome encompasses a large con-

stellation of symptoms that include microcephaly, short stature, hypertelorism, intellectual
disability (ID), short philtrum, full upper lip, hypotonia, delayed puberty, infertility, and additional dysmorphic features [4]. This initial description has since expanded to include juvenile cataracts, chronic nephritis, hearing impairment, seizures, cerebellar atrophy, and simplified gyral patterning of the frontal lobe [2, 5, 6].
Due to NSUN2’s ubiquitous role in the cell transcriptome, a wide range of phenotypic variability is expected. The NSUN2 gene has additionally been implicated in oncogenic processes
relating to cancers including head and neck
squamous cell carcinoma and hepatocellular
carcinoma [7, 8].
Specifically, NSUN2 intellectual disability syndrome manifests in a wide array of ocular related symptoms. Hypertelorism, blepharophimosis, telecanthus, ptosis, long and down-slanting palpebral fissures, juvenile cataracts, strabismus, esotropia, and horizontal nystagmus
have all previously been described. In this arti-
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cle we describe the previously reported ocular
manifestations of the NSUN2-related syndrome
and present a new case involving a young male
patient found to have two heterozygous variants in the NSUN2 gene. In comparison to other
reports, our patient demonstrates a milder case; however, hypotonia, global developmental
delay, and intellectual disability were still present. Ocular symptoms included almond-shaped
eyes, clogged tear ducts, epiblepharon, and
strabismus. Although there are few cases reported to date, our report, to the best of our
knowledge, is the first reported case of epiblepharon in an NSUN2-related syndrome.
Case report
We present a now four-year-old boy who was
born by caesarean section at 40 weeks to nonconsanguineous parents. The G1P1 37-yearold mother reported no pregnancy complications. At birth the patient was in 99th percentile
for length; however, his head was measured in
the 34th percentile, and his weight was in the
9th percentile. He passed a hearing screen at
birth. Low tone was noted shortly after birth,
and the patient had difficulty with feeding.
Early feeding therapy improved his oral-motor
dysfunction.
His mother first reported developmental delays
when the child failed to roll over by six months
and did not sit until nine months. At 12 months,
it was discovered that the patient had several
unique features including clinodactyly of the
fifth digit and abnormal helices. During this
period a chromosomal microarray demonstrated an atypical pattern in a palindromic-rich
region of the patient’s Y chromosome at
Yq11.223 and Yq11.23, though a peripheral
blood specimen showed no clear structural
abnormality. An MRI of the brain at 15 months
was unremarkable. The patient began to pull to
stand at 14 months and first walked at 22
months. Strabismus and epiblepharon were
noted at the same age.
Whole exome sequencing performed at age
two revealed two heterozygous variants in the
NSUN2 gene: a pathogenic variant c.360-1G>
C, IVS3-1G>C from his mother and a likely
pathogenic variant c.787 G>T, p.D263Y from
his father. The c.360-1G>C, IVS3-1g>C variant
is a canonical splice site variant in a gene for
which loss-of-function is a known mechanism
of disease. The c.787G>T, p.Asp263Tyr variant
was observed with a pathogenic variant on the
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opposite allele (in trans) in this patient. The insilico analysis, which included protein predictors and evolutionary conservation, supported
a deleterious effect. At the time of analysis,
neither of the described variants had been previously published as pathogenic or benign.
By three years of age, the patient demonstrated a global developmental delay and was suspected to have intellectual disability. His motor
skills, proprioception, and kinesthetic awareness were all at the level expected for a
24-month-old. His mother noted episodes of
self-harm when he was mad or frustrated. After
months of speech therapy, he showed signs of
a mildly improved vocabulary; however, his cognitive scores remained greater than 1 SD below average. Currently at age four, the patient
remains nonverbal and demonstrates chronic
dysphagia, difficulty walking, and hearing problems. Spontaneous improvement in his epiblepharon was noted in both eyes.
Methods
We performed a systemic review of the literature to categorize the current body of knowledge surrounding eye manifestations in
NSUN2-related disease. A PubMed/Medline
search occurred in July of 2021, and our query
included “NSUN2” and yielded 106 papers. The
articles were mined for case reports of NSUN2related syndromes as well as for additional references absent from our initial search.
Results
Our review of the literature yielded 8 articles
describing 24 cases of NSUN2-related syndrome, which, together with our patient, brings
the total number of report cases to 25 (Table
1). Fifteen of the reported 25 cases (60%)
demonstrated ophthalmological disease, ranging widely: hypertelorism (n=7), strabismus (n=
5), ptosis (n=4), blepharophimosis (n=4), telecanthus (n=3), long palpebral fissures (n=3),
juvenile cataracts (n=2), epiblepharon (n=1),
down slanting palpebral fissures (n=1), and
horizontal nystagmus (n=1).
Abbasi-Moheb et al. reported three sets of consanguineous siblings with diverse NSUN2 mutations. Of these three families, only one set of
siblings with the g.6622224A>C variant was
diagnosed with strabismus. The authors did not
designate eye pathology in the other families
[4].
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Table 1. Summary of 25 patients with NSun2-related syndrome that have reported findings
Abbasi-Moheb et al. (2012)

Origin

Khan et al. (2012)

Iranian/Kurdish

Pakistani

NSun2 gene
pathogenic variant

c.679C>T
c.679C>T
c.679C>T
c.1114C>T
(p.Gln227*) (p.Gln227*) (p.Gln227*) (p.Gln372*)

c.1114C>T c.1114C>T
(p.Gln372*) (p.Gln372*)

g.6622224A>C g.6622224A>C

c.2035G>A
(p.Gly679Arg)

c.2035G>A
(p.Gly679Arg)

c.2035G>A
(p.Gly679Arg)

Age

29

28

17

61

27

22

9

Gender

M

F

F

F

F

M

F

6

14

13

6

M

F

F

Eye findings

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

Strabismus

Strabismus

F

Strabismus

-

Esotropia and horizontal nystagmus

Intellectual Disability +

+

+

+

+

+

+

Dysmorphic features +

+

+

+

+

+

+

++

+

+

+

+

+

+

Microcephaly

+

-

-

+

+

+

+

+

+

+

+

Short Stature

-

+

+

+

-

-

N.R.

+

+

N.R.

N.R.

Neurology

Muscular
hypotonia

Muscular
hypotonia

Muscular
hypotonia

Muscular
hypotonia

Muscular
hypotonia

N.R.

Muscular
hypotonia

N.R.

N.R.

Muscular hypotonia, broad gait

Muscular hypoto- Muscular hypotonia
nia, broad gait

Delayed puberty

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

-

-

NA

Developmental Delay N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

Feeding issues

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

N.R.

Martinez et al. (2012)

Fahiminiya Komara Mu
et al.
et al.
et al. Sun et al. (2020)
(2014)
(2015) (2019)

Kato et al. (2021)

Lebanese

Qatari

Emirati Emirati Chinese

Japanese

Origin

Pingree et
al. (2021)
United
States

Pakistani

NSun2
g.6622gene
214C>G
pathogenic
variant

g.6622214C>G

g.6622214C>G

c.915del
(p.Gly306Valfs*15)

c.1020delA

c.1020- c.1004T>
del (p. A (p.
G341fs) Leu335*)

c.1004T>
A (p.
Leu335*)

c.1004T>
A (p.
Leu335*)

c.546_547insCT,
(p.Met183Leufs*13);
c.1583del,
(p.Pro528Hisfs*19)

c.546_547insCT,
(p.Met183Leufs*13);
c.1583del,
(p.Pro528Hisfs*19)

c.1269dup, (p.Val424Cysfs*14)

c.1269dup, (p.Val424Cysfs*14)

c.360-1G>C
(IVS31G>C);
c.787G>T
(p.D263Y)

Age

N.R.

N.R.

N.R.

6

16

21

20

4

4

16

11

16

12

3

Gender

M

F

F

M

M

F

F

F

F

M

F

M

M

Eye
findings

Hypertelorism,
blepharophimosis,
telecanthus

Hypertelorism,
blepharophimosis,
telecanthus

Hypertelorism,
blepharophimosis,
telecanthus

Blepharophimosis, hypertelorism,
bilateral
ptosis

Down
N.R.
slanting
palpebral
fissures,

Hypertelorism,
ptosis, long
palpebral
fissures

Hypertelorism,
ptosis, long
palpebral
fissures

HyperBilateral cataracts
telorism,
ptosis, long
palpebral
fissures

Bilateral cataract

-

-

Bilateral epiblepharon,
strabismus

Intellectual +
Disability

+

+

+

+

+

+

+

+

+

+

+

++

+

Dysmorphic +
features

+

+

+

+

+

+

+

+

+

+

+

+

+

Microcephaly

+

+

+

N.R.

+

+

+

+

+

+

+

+

+

-

Short
Stature

+

+

+

N.R.

+

+

+

+

+

+

+

+

+

-

131

Int J Mol Epidemiol Genet 2021;12(6):129-134

Ocular pathologies of NSUN2 intellectual disability syndrome
Neurology

Axial
hypotonia,
epileptic
seizures

Axial hypotonia

Axial hypotonia

Axial Hypoto- Cernia
ebellar
atrophy,
broad
gait

Cerebel- Muscular
lar hypo- hypotonia
plasia

Muscular
hypotonia

Muscular
hypotonia

Hearing impairment

Hearing impairment

Hypomyelination,
simplified gyral
pattern
of frontal
lobe

Hypomyelination,
simplified
gyral pattern

Motor delay,
difficulty
swallowing,
muscular
hypotonia,
hearing loss,
shuddering
spells

Delayed
puberty

N.R.

N.R.

N.R.

N.R.

+

N.R.

N.R.

+

+

+

+

N.R.

+

+

* = translation stop codon; M = Male; F = Female; N.R. = Not Reported; + = Reported Feature.
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Khan et al. described another set of three siblings with an identical c.2035G>A (p.Gly679Arg) variant. The oldest sibling displayed unilateral strabismus, while the youngest sibling
demonstrated intermittent esotropia and fine
horizontal nystagmus. The middle child, however, was not diagnosed with ocular disease
[9].
A study from Martinez et al. presented three
patients from a single Lebanese family with
the same g.6622214C>G mutation. Each of
the three children were diagnosed with identical ocular features of hypertelorism, blepharophimosis, and telecanthus [2].
Fahiminiya et al. report the case of a 6-year-old
boy born to first cousins of Qatari origin who
developed multiple ocular diseases. The patient the c.915del (p.Gly306Valfs*15) variant
had blepharophimosis, hypertelorism, and bilateral ptosis [10].
Komara et al. present a patient born of consanguineous parents who also developed eye disease. The patient who had a c.1020delA variant showed down-slanting palpebral fissures
[11].
Kato et al. describes two sets of siblings, one
of which was diagnosed with ophthalmological
disease. One set of siblings of Japanese origin
both possessed identical compound heterozygous frameshift variants: c.546_547insCT,
(p.Met183Leufs*13) and c.1583del, (p.Pro528Hisfs*19). The siblings both developed
juvenile cataracts. Of note, the brother and sister both displayed significant hearing impairment. The other set of siblings described possessed a c.1269dup, (p.Val424Cysfs*14) variant but did not display ocular disease or vision
impairment [5].
An additional case did not report ocular disease [6].
Discussion
The exact mechanisms of the ocular pathologies relating to NSUN2 variants are still widely
unknown. The severity of the ophthalmological
disease and overall clinical course is likely
dependent upon the variants involved, although more cases will be needed to establish genotype-phenotype correlations. Nevertheless, it
is suspected that due to the gene’s foundational influence on cellular activity as a methyltransferase, many ocular pathways are likely
133

affected through transcriptome variation, giving rise to the many phenotypic variations
reported in this study. The most visual threatening clinical feature among those reported,
bilateral juvenile cataracts, occurred in siblings
with heterozygous frameshift mutations located at exons 6 and 14 (c.546_547insCT;
c.1583del) that were considered to induce nonsense mediated decay (NMD) and decreased
mRNA expression [5]. Adissu et al. reports that
NSUN2 knockout mice demonstrate cataract
and abnormal lens morphology, while Chi et al.
demonstrate that NSUN2 is highly expressed
both in the embryological brain and optical
plate. Taken together, these studies suggest
that NSUN2-related cataracts could result from
abnormal optical plate development [12, 13].
We hypothesize that NSUN2’s role in optical
plate formation may explain the wide array of
ocular disease morphologies. Further cytogenetic study of embryological morphology may
elucidate the mechanism of ocular disease presented in this report. Moreover, additional testing may help explain the mechanism behind
the improvements seen in our patient’s ocular
symptoms that are absent from other more
severe cases described in the literature.
In summary, the eye manifestations of NSUN2
intellectual disability syndrome present numerous pathologies with varying degrees of severity. In this report we describe novel pathogenic
c.360-1G>C, IVS3-1G>C and a likely pathogenic c.787G>T, p.D263Y NSUN2 gene variants.
We also describe the resulting global developmental delay, feeding difficulties, hypotonia,
strabismus, and epiblepharon. Although our patient demonstrated only mild ocular disease,
numerous studies have recounted severe ocular diseases possible through NSUN2 variants.
We suggest that NSUN2’s role in this wide variety of ocular pathologies is likely related to the
gene’s early embryological role in optical plate
formation. Further study of optical plate morphology and cytogenetics is needed to elucidate the ocular disease process.
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