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The First Cases of OPHN1 Exons 1 and 2 Deletion in Two X-linked Intellectual
Developmental Disorder Patients in Korea
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OPHNLI is located in Xq12 and acts as a regulator for the development of neural tissues in a fetus. Various spectrums of X-linked intellectual dis-
abilities (XLIDs) can occur due to a loss of function in the OPHNI gene. In this case study, the authors report two cases of OPHNI-related XLID
found in one family in Korea. A 7-year-old boy presented with speech development delay, intellectual disability, and an epilepsy event. There were
no specific perinatal history or test results except suggestive mega cisterna magna. His younger brother had a similar phenotype. A chromosomal
microarray (CMA) test showed a hemizygous 414 kbp deletion (chrX: 67,582,399-67,997,055) in both brothers, and thereafter a deletion of exons 1
and 2 of OPHNLI was confirmed via PCR. In summary, it is difficult to specify the causative gene of an intellectual disability by symptoms alone.

Therefore, CMA can be used as an important diagnostic test along with tests such as whole exome sequencing.
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INTRODUCTION

There are many genetic disorders or syndromes that cause in-
tellectual disabilities, and they are usually accompanied by incon-
sistent symptoms or abnormalities. OPHNT, one of the causative
genes of hereditary intellectual disability, is located in Xq12 and
encodes an oligophrenin-1 protein that plays an important regula-
tory role in the development and migration of fetal nervous tissues

[1]. As we are aware, from 1997 to the present, there have been
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several case reports of wide spectrums of X-linked intellectual
disabilities (XLIDs) associated with variants of the OPHNI gene.
[2-9]. XLIDs caused by OPHNT gene mutations have mental retar-
dation and cerebellar hypoplasia in common, and other features
such as epilepsy, ataxia, strabismus, urogenital abnormality, facial
dysmorphism, and ventriculomegaly can also be observed. In this
case study, we report two cases of OPHNI-associated XLID found
in one family, the first to our knowledge, in Korea. The require-
ment for informed consent was waived (IRB No. 2022-05-060-001)
by Institutional Review Board of Keimyung university Dongsan

Hospital.

CASE

In 2015, a 23-month-old boy visited the rehabilitation depart-
ment with a general developmental delay. He was his parent’s
first child and was born at full term following a normal pregnancy
via vaginal delivery; his body weight was 3,300 g. He presented
with facial dysmorphisms, including a prominent forehead, ocular

anomalies (bilateral ptosis, horizontal nystagmus, and impaired
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Lis S B ' Fig. 1. The results of the CMA and PCR tests of OPHNT exons 1-4.
:;s (A) The weighted log2 ratio and copy number state of the proband
A .’i ﬂt, !,{i\‘ﬁt&, T If'}‘{ﬂdig:‘ 0 %% (P), his brother (B), sister (S), father (F), and mother (M). The pro-
[oe W o8 ARt band and brother showed a hemizygous 414 kbp deletion (chrX:
M Fs 67,582,399-67,997,055). His mother and sister had a heterozygous

D s G s S Rs s i o £ i ® o T S £ ~..............| deletion in the same region. The father showed no abnormal find-
ings. (B) Gel electrophoresis of the PCR products amplifying exons
1-2 of OPHN1 with the sample of the proband and family mem-
bers supported the CMA findings. The proband and brother showed
a complete loss of OPHNT exons 1-2, while the mother and sister
showed exons thought to be derived from conserved alleles. Prim-
ers for exons 10 of G6PD (154 bp on the band below) were used
as the internal control in all the PCR tests, and ladders ranging in
size from 100 to 1,300 bp were shown in the center. (C) Gel elec-
trophoresis of the PCR products amplifying OPHNT exons 3-4 with

the sample of the proband and family members supported the CMA

67200kh 67400kb 67600kb 67800kb 68000kb 5320%0 flndlngs Exons 3-4 were detected in all the famlly members.
S FTERY | Abbreviation: CMA, chromosomal microarray.
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Table 1. Description of the primers used for the PCR test of OPHNT exons 1-4

Primer Name Target Direction Sequence (5'-3') Product size (op)
OPHN1_e1F OPHN1 exon 1 Forward 5'-AGTTGAGGAAGGAGCCAGAG-3' 530
OPHN1_e1R OPHN1 exon 1 Reverse 5'-AGAGGAAGTAGAGGGGACGG-3'

OPHN1_e2F OPHN1 exon 2 Forward 5'-TCCGTCCCCTCTACTTCCTC-3' 314
OPHN1_e2R OPHN1 exon 2 Reverse 5'-TGGTGGTGTGGAAAGGCTTA-3'

OPHN1_e3F OPHN1 exon 3 Forward 5'-GCCCCATCCTTTCTTCTTGTG-3' 392
OPHN1_e3R OPHN1 exon 3 Reverse 5'-TGTCCAAGTGCTCTGTATCCA-3"

OPHN1_e4F OPHN1 exon 4 Forward 5'-AACACCTGCTTTTGTCCTCC-3' 256
OPHN1_e4R OPHN1 exon 4 Reverse 5'-TCACCCATGAACTCAGCTTC-3'

G6PD_e10F G6PD exon 10 Forward 5'-AGGCTGCAGTTCCATGATGT-3' 175
G6PD_e10R G6PD exon 10 Reverse 5'-ATCTGTTGCCGTAGGTCAGG-3'

visual perception), a prominent nose with a wide nasal base, a
high palate, dental cavities, and pes planus. A prominent cystic le-
sion in the retrocerebellar convexity suggesting mega cisterna
magna findings was observed on the brain MRI; the laboratory
tests showed no abnormal results with the 46,XY karyotyping.
During his neurological examination when he was 7 years old, he
exhibited poor fine motor coordination and the inability to orga-
nize activities of daily living. The psychological examination showed
moderate intellectual disability with a low spatial orientation, a
working memory with short-term memory capacity, emotional in-
stability, and poor concentration. The personal and social adap-
tive functions were equivalent to that of a child aged 53 months
(SQ=56.19). The receptive language age was 47 months and the
expressive language age was 41 months.

In 2021, his younger brother, a 45-month-old male, visited the
rehabilitation department with a developmental delay as well as a
retro-cerebellar cystic mass and diffuse frontal cortical atrophy
from birth. He was born at intrauterine pregnancy of 38 weeks
with a body weight of 2,600 g. During the clinical examination,
we observed the following characteristics: discrete facial dysmor-
phisms, pes planus, and functional scoliosis with poor posture.
The psychomotor examination revealed delayed gross motor de-
velopment with poor balance on walking ambulation and was
equivalent to that of a child aged 30 months. The personal and
social scales were equivalent to a child aged 30 months, and the
language scale age was 25 months. He was also taking medicine
for hypothyroidism.

A chromosomal microarray (CMA) test was performed with the
GeneChip® System 3000Dx v.2 (Thermo Fisher Scientific, Waltham,
MA, US) using a CytoScan™ Dx Assay Kit (Cat. No. 902420, Thermo

Fisher Scientific), to confirm the hereditary intellectual develop-
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mental disorder. As a result of the CMA test, a hemizygous 360
kbp deletion (chrX: 67,636,890-67,997,055) containing a part of
OPHN1, known as the causative gene for XLID, was discovered
(Fig. 1A). To confirm the partial deletion of the OPHNT gene, a
PCR test was performed using primer pairs for exons 1, 2, 3, and
4, and the deletion of exons 1 and 2 was confirmed (Fig. 1B, O).
The identical hemizygous deletion was found in the proband’s
younger brother with similar symptoms. In additional CMA and
PCR family tests, the heterozygous deletion was revealed in the
unaffected mother and younger sister. The father showed no copy
number variation in OPHNI. The primers and targets of the PCR
study are described in Table 1.

DISCUSSION

Several types of mutations have been reported for XLIDs re-
lated to OPHN1 mutations, from single nucleotide substitutions to
exon deletions, and they have different symptoms depending on
the location and type of mutation [2]. For this reason, case reports
including the exact variant description are important for geno-
type-phenotype relation studies. The OPHN1 exons 1 and 2 dele-
tion observed in the cases in this study are suspected to have a
similar effect to the case reported by Bienvenu et al. [3], which in-
volved a female patient with mental retardation, epilepsy, ventric-
ulomegaly, and strabismus. She had an X;12 balanced transloca-
tion and Billuart et al. [10] identified that this translocation hap-
pened in the second intron between exons 2 and 3 and revealed
no expression of OPHNT in the patient.

On the other hand, several studies on the physiological func-
tion and pathway related to the Rho-kinase activity of the OPHN1
gene have been reported [1, 11]. Recently, Wang et al. [12] investi-
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gated the exact mechanism of stress-related behavior commonly
found in OPHN1 gene deficiency, and at the same time suggested
its potential as a therapeutic target through animal model experi-
ments. As such, in the case of hereditary intellectual disabilities,
precise target treatments may appear depending on the results of
future research, so it is important to identify the exact trigger gene
for each patient and to accumulate accurate knowledge about the
genotype-phenotype relationship. However, in many individual
hereditary intellectual disabilities, it is difficult to differentiate be-
tween them based on their clinical symptoms alone due to incon-
sistent phenotypes. Therefore, when genetic intellectual disability
is suspected due to the presence of family history as in these
cases, it is expected that CMA can be used as an important diag-

nostic test along with other tests such as whole exome sequencing.
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