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Abstract
Background: Intellectual disabilities encompass a spectrum of neurodevelopmental disorders profoundly impacting an 

individual’s cognitive abilities, adaptive behaviors, and communication skills. This article delves into the complex challenges 
encountered by an individual with intellectual disability, particularly examining the interplay between cognitive limitations and 
speech difficulties, while presenting a case report detailing the experience of a son within a non-consanguineous family diagnosed 
with intellectual disability due to a new genetic defect in THOC2, thereby contributing significantly to our comprehension of 
THOC2-related pathogenic variants.

Case presentation: A 14-year-old boy from a non-consanguineous Iranian family presented with significant challenges in 
academics, communication, and adaptive skills, accompanied by speech problems and exhibiting distinctive physical characteristics. 
The exome-sequencing analysis revealed a novel hemizygous c.1559+5A>T mutation located in intron 14 (NM_001081550.2) 
within the THOC2 gene in the proband. Sanger sequencing further confirmed the mother as a carrier of the mutation, although she 
remains in good health, while the father exhibits a normal genotype. This delineates an X-linked inheritance pattern, shedding light 
on the familial transmission of the identified genetic anomaly. 

Conclusion: The precise identification of the c.1559+5A>T splicing mutation in the THOC2 gene, achieved through 
exome-sequencing, conclusively diagnoses X-linked intellectual disability in our patient. This breakthrough not only unravels 
the molecular intricacies contributing to intellectual disability but also underscores the urgency for accurate and swift disease 
diagnosis. (International Journal of Biomedicine. 2024;14(2):352-356.)
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Introduction
Intellectual disabilities (IDs) represent a multifaceted 

spectrum of neurodevelopmental disorders that significantly 

impact an individual’s cognitive abilities, adaptive behaviors, 
communication skills, and daily living tasks.(1, 2) This diverse 
range of challenges emerges early in life, posing obstacles 
to various facets of a person’s development. The term “IDs” 
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encompasses a variety of conditions, each contributing to 
unique struggles for those affected.

Within this intricate landscape, individuals with ID 
confront limitations in intellectual functioning, hindering 
their capacity to acquire and apply knowledge effectively.(1) 

These challenges extend beyond the cognitive realm, affecting 
adaptive behaviors that are crucial for navigating daily life and 
engaging in social interactions.(2) The profound impact of ID 
is not limited to isolated aspects but ripples through various 
dimensions of an individual’s existence.

Moreover, a subset of individuals grappling with ID also 
contends with concurrent speech problems, adding an extra 
layer of complexity to their communication abilities.(1) This 
intersection of challenges can further impede their ability to 
articulate thoughts effectively, exacerbating the hurdles they 
face in interpersonal relationships, education, and societal 
integration.

Understanding ID necessitates delving into the intricate 
interplay of genetic, environmental, and neurological factors 
influencing development.(1) Recent research has spotlighted 
specific genetic mutations linked to ID, including mutations 
in the THOC2 gene, identified as monogenic causes for 
neurodevelopmental disorders such as X-linked intellectual 
disability (OMIM: #300957).(3,4) The THOC2 gene encodes a 
183 kDa nuclear protein, an integral component of the highly 
conserved multimeric protein complex known as the TREX 
complex. This complex facilitates transcription elongation, 
mRNA export, and other critical processes.(4-6) Within the THO 
complex, comprising THOC1, THOC2, THOC5, THOC6, and 
THOC7, mutations in both THOC2 and THOC6 have been 
reported in patients with IDs, providing additional insights into 
the genetic underpinnings of neurodevelopmental disorders.(7, 8)

Exome-sequencing emerges as a vital tool for uncovering 
the roots of diseases, particularly those originating from rare gene 
mutations. This technique delves into the protein-coding regions 
of the genome, pinpointing mutations within genes that underlie 
the development of various disorders. By honing in on these 
functional segments, exome-sequencing significantly streamlines 
the process of identifying pathogenic variations, proving 
essential in deciphering the molecular basis of diseases. The 
method’s focus on detecting rare gene mutations is instrumental 
in unveiling the genetic origins of diverse conditions, enabling 
more precise diagnostics and fostering the development of 
targeted treatments for improved patient outcomes.(9-12) Based 
on this evidence, we employed the exome-sequencing technique 
to discern the causative genetic defect in a non-consanguineous 
Iranian family affected by ID. The investigation involved an 
in-depth examination of the patient’s genetic makeup through 
exome-sequencing, coupled with a meticulous segregation 
analysis. The compelling results obtained from this genetic 
scrutiny consistently point toward the likelihood that a novel 
mutation in the THOC2 gene may serve as a potential candidate 
implicated in the causation of the observed ID in the patient. 

Case Presentation
The patient, a 14-year-old boy from an Iranian family 

with a non-consanguineous parental relationship (Figure 1A), 

presented significant challenges in academics, communication, 
and adaptive skills. The parents reported a speech problem in 
the patient, further complicating effective communication. 
Challenges in school, including difficulties in grasping 
academic concepts and persistent speech issues, were noted by 
teachers, leading to a comprehensive evaluation and referral to 
a psychologist.

Upon assessment, a detailed examination revealed 
a moderate ID, affecting both intellectual functioning and 
adaptive behavior. To delve into the underlying causes of the 
observed impairments, standardized tests such as the Wechsler 
Intelligence Scale for Children (WISC) were administered. 
The results confirmed the presence of a moderate ID and 
identified a speech problem. 

The general physical examination exposed additional 
features in the patient. Truncal obesity was observed, 
accompanied by dysmorphisms, including a broad and high 
forehead, a visibly large head with large ears, bushy eyebrows, 
synophrys, squint, and flat feet. The patient exhibited a 
reluctance to respond to commands, social anxiety with 
avoidance of eye contact, and his mother mentioned a hearing 
impairment. Further examination revealed a small penis and 
large testes. Notably, other systemic examinations showed no 
abnormalities (Table 1).

Personal Particulars
Sex Male 
Age 14
Perinatal Features
Prematurity -
Delivery Term vaginal assisted
Low birth weight -
Neurologic Features
Intellectual disability Moderate 
Speech delay +
Response to command Slow 
Power 4/5
Deep reflexes N
Hyperkinesia -
Tremor -
Epilepsy -
Gait disturbances -
Behavior problems +
Anxiety problems -
Depression -
Brain MRI and/or CT ND
Growth Parameters
Head circumference 56/5 cm
Macrocephaly +
Short stature -
Chest circumference 89 cm 
Overweight +
Truncal obesity +
Dysmorphisms
Broad high forehead +
High palate -
Large ears +
Small penis +
Macroorchidism +
Other
Flat feet +
Medical conditions -

   N: normal, ND: no data

Table 1. 
Physical examination findings.



354                                     M. Hashemipour et al. / International Journal of Biomedicine 14(2) (2024) 352-356

In light of the patient’s maternal relatives, particularly 
the mother’s male siblings (Figure 1A), displaying ID and 
speech issues, genetic testing was undertaken to elucidate 
potential hereditary factors influencing the condition. To 
pinpoint rare alleles associated with ID, we employed exome-
sequencing for the patient under study. Macrogen Company 
conducted the library preparation using the SureSelect Human 
All Exon V6, followed by sequencing on the Illumina HiSeq 
2000 genome analyzer platform.

The family history proved intricate, revealing a novel 
hemizygous c.1559+5A>T mutation in the THOC2 gene 
(NM_001081550.2 - intron 14), in the 14-year-old male patient. 
The utilization of exome-sequencing brought forth a potential 
candidate variant within the gene, prompting an additional 

layer of confirmation through direct Sanger sequencing. This 
meticulous validation process, performed with an ABI3500 
sequencer, conclusively confirmed the identification of the 
c.1559+5A>T mutation inherited from the heterozygous mother, 
but the father exhibited a normal genotype (Figure 1B). Notably, 
due to the involvement of the mother and her male siblings, the 
inheritance pattern was confirmed as X-linked. Interestingly, 
despite carrying the mutation, the mother remained unaffected.

The specific mutation (c.1559+5A>T) occurs at the 
splice donor site in the 14th intron of the THOC2 gene, 
confirming its association with X-linked ID. This mutation 
has the potential to affect mRNA splicing during transcription. 
The alteration of the splice donor site could interfere with the 
recognition and cleavage of the intron during splicing, leading 
to the production of aberrant mRNA transcripts. 

Discussion
We describe here the genetic and clinical findings of a 

patient with X-linked ID. The patient, hailing from an Iranian 
family with a non-consanguineous parental relationship, 
underscores the significance of both cultural and genetic 
backgrounds in shaping the clinical presentation. Notably, 
the absence of consanguinity within the family dispels any 
immediate attribution of the observed condition to familial 
relatedness. This case involves a 14-year-old boy, whose 
struggles extend across various facets of life, particularly in 
academics, communication, and adaptive skills. The patient 
exhibited moderate ID, truncal obesity, macrocephaly, a small 
penis, and distinctive dysmorphic features, including bushy 
eyebrows, synophrys, a broad and high forehead, large ears, flat 
feet, hearing impairment, and strabismus. Our patient displayed 
a complex array of symptoms resembling those reported in 
cases with THOC2 mutations, such as ID, truncal obesity, 
genital abnormalities, hearing anomalies, ocular irregularities, 
and dysmorphic features.(13) Remarkably, approximately 
82% of the previously reported patients experienced speech 
delay. However, our case presents the patient demonstrating 
problems in speech and frequently punctuated by a cheerful 
disposition. Nonetheless, during the clinical evaluation process, 
articulating coherent thoughts posed a significant challenge. 
Interestingly, the patient’s mother attests to his proficiency 
in communication within the familial setting, indicating that 
the observed delay may be attributed to pragmatic language 
difficulties. Contrary to historical data, where 52% of patients 
exhibited short stature, our patient achieved normal growth 
milestones. While 34% of previous cases were microcephalic, 
our patient exhibited macrocephaly. Intriguingly, prior cases 
documented cryptorchidism and microorchidism, whereas 
our patient presented with macroorchidism. Our patient 
shared ocular and hearing impairments observed in prior 
cases. Moreover, genetic testing revealed a novel hemizygous 
mutation in the THOC2 gene, specifically c.1559+5A>T, 
adding a crucial dimension to understanding the condition. 
However, additional reported features like hypotonia, gait 
disturbances, behavioral problems, epilepsy, and congenital 
anomalies in cardiorespiratory, skeletal, and gastroesophageal 
systems were conspicuously absent in our patient. The intricate 

Figure 1. (A) The pedigree of the studied family. Male 
individuals are represented by squares, while females are 
depicted by circles. Affected members are enclosed within 
symbols, with the proband highlighted by an arrow. (B) The 
sequence chromatograms depict a novel hemizygous mutation 
(c.1559+5A>T) in THOC2 within the proband, with his mother 
displaying a heterozygous state for the mutation. Conversely, 
the father’s sequence analysis shows a normal genotype.
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interplay between genetic and environmental factors becomes 
apparent in the challenges faced by the patient, prompting 
a thorough investigation into the underlying causes of the 
observed intellectual and speech impairments.

The Human Gene Mutation Database (HGMD, http://
www.hgmd.cf.ac.uk/ac/index.php) has identified THOC2 as a 
gene associated with IDs. Our study endeavors have extended 
this repertoire by uncovering an additional splicing mutation, 
namely c.1559+5A>T, within the THOC2 gene. This novel 
mutation represents a noteworthy addition to the existing 
knowledge base.

This newfound splicing mutation holds significance in 
our understanding of THOC2-related pathogenic variants. 
We propose that the c.1559+5A>T mutation gives rise to an 
aberrant protein, potentially compromising its functionality 
or stability. The implications of this mutation are particularly 
pertinent to IDs, suggesting a possible link between THOC2 
dysfunction and cognitive impairment.

Recent investigations have shed light on the role of 
THOC2 gene mutations in IDs, providing a context for our 
novel findings. The THOC2 gene encodes a subunit of the 
THO complex, crucial for mRNA processing and transport. 
In studies by Kumar et al.,(4,14) mutations within the THOC2 
gene were identified in individuals with IDs, reinforcing the 
gene’s significance in cognitive function. Building upon this 
foundation, our investigation unveiled a distinct hemizygous 
mutation (c.1559+5A>T) in the 14th intron of the THOC2 
gene in a 14-year-old male patient. This mutation is anticipated 
to impact mRNA processing, potentially leading to abnormal 
protein expression. Consequently, the perturbation in 
protein production could disrupt essential cellular functions, 
contributing to IDs. Our findings align with Kumar R et al.’s 
studies, supporting the notion that variations in the THOC2 
gene contribute to IDs, thereby solidifying the understanding 
of the gene’s implication in cognitive impairment.

Additionally, in a recent study conducted by Kumar et 
al.,(15) a comprehensive examination of THOC2 revealed a total 
of 19 missense variants, one deletion, and two splice-altering 
mutations across three cohorts. This research significantly 
contributed to our understanding of the genetic landscape 
associated with neurodevelopmental disorders. In alignment 
with these findings, our case report identified a novel splicing 
mutation, c.1559+5A>T, in THOC2, which resulted in ID. 
This discovery not only underscores the diversity of mutations 
within the THOC2 gene but also emphasizes its role in IDs. 
The inclusion of this unique splicing mutation in our case 
report adds a valuable piece to the puzzle of THOC2-related 
pathogenic variants, further highlighting the necessity for 
ongoing research in this domain.

The impact of the c.1559+5A>T mutation on ID 
underscores the critical need for advanced diagnostic 
approaches. Our study highlights the significance of 
utilizing exome-sequencing in parents, both prior to or after 
marriage, during pregnancy, and post-birth, as a pivotal 
tool for identifying potential or novel mutations associated 
with ID. This is particularly crucial for individuals with a 
familial history of mental retardation, offering a proactive 
means of diagnosis and intervention. By embracing such 

advanced techniques, we pave the way for early detection, 
comprehensive understanding, and targeted management of 
IDs, thereby contributing to improved outcomes for affected 
individuals and their families.

Conclusion
The conclusive diagnosis of intellectual disability in our 

patient, achieved through the precise identification of splicing 
c.1559+5A>T mutation mutations in the THOC2 gene using 
exome-sequencing, represents a pivotal advancement in our 
understanding of the disorder’s etiology. This study not only 
unravels the molecular intricacies contributing to intellectual 
disability but also emphasizes the urgent need for accurate 
and swift disease diagnosis. The implications of this research 
extend beyond the laboratory, offering a foundation for 
improved genetic counseling for affected families. 

Competing Interests
The authors declare that they have no competing 

interests.

Ethical Considerations
All procedures performed in this study were in 

accordance with the ethical standards of the institutional 
research committee and with the 1964 Helsinki Declaration 
and its later amendments. Written informed consent was 
obtained from the family members for this publication.

Acknowledgments
We extend our heartfelt thanks to the family members 

for their invaluable cooperation.

References
1.	 Diagnostic and Statistical Manual of Mental Disorders, 
5th Edition. (2013). American Psychiatric Publishing, Inc. 
https://doi.org/10.1176/appi.books.9780890425596 
2.	 Felce D, Perry J. Quality of life: its definition and 
measurement. Res Dev Disabil. 1995 Jan-Feb;16(1):51-74. 
doi: 10.1016/0891-4222(94)00028-8. PMID: 7701092.
3.	 Deciphering Developmental Disorders Study. Prevalence 
and architecture of de novo mutations in developmental 
disorders. Nature. 2017 Feb 23;542(7642):433-438. doi: 
10.1038/nature21062. Epub 2017 Jan 25. PMID: 28135719; 
PMCID: PMC6016744.

*Corresponding authors 
Mostafa Neissi: E-mail address: iammostafaneissi@gmail.com 
Department of Genetics, Khuzestan Science and Research Branch, 
Islamic Azad University, Ahvaz, Iran.
Mehdi Hashemipour: E-mail: Hasemimehdi@gmail.com 
Department of Clinical Psychology, Andimeshk Branch, Islamic 
Azad University, Andimeshk, Iran.



356                                    M. Hashemipour et al. / International Journal of Biomedicine 14(2) (2024) 352-356

4.	 Kumar R, Corbett MA, van Bon BW, Woenig JA, Weir L, 
Douglas E et al. THOC2 Mutations Implicate mRNA-Export 
Pathway in X-Linked Intellectual Disability. Am J Hum Genet. 
2015 Aug 6;97(2):302-10. doi: 10.1016/j.ajhg.2015.05.021. 
Epub 2015 Jul 9. PMID: 26166480; PMCID: PMC4573269.
5.	 Strässer K, Masuda S, Mason P, Pfannstiel J, Oppizzi M, 
Rodriguez-Navarro S et al. TREX is a conserved complex 
coupling transcription with messenger RNA export. Nature. 
2002 May 16;417(6886):304-8. doi: 10.1038/nature746. Epub 
2002 Apr 28. PMID: 11979277.
6.	 Yamazaki T, Fujiwara N, Yukinaga H, Ebisuya M, Shiki 
T, Kurihara T et al. The closely related RNA helicases, UAP56 
and URH49, preferentially form distinct mRNA export 
machineries and coordinately regulate mitotic progression. 
Mol Biol Cell. 2010 Aug 15;21(16):2953-65. doi: 10.1091/
mbc.E09-10-0913. Epub 2010 Jun 23. PMID: 20573985; 
PMCID: PMC2921121.
7.	 Accogli A, Scala M, Calcagno A, Castello R, Torella A, 
Musacchia F et al. Novel CNS malformations and skeletal 
anomalies in a patient with Beaulieu-boycott-Innes syndrome. 
Am J Med Genet A. 2018 Dec;176(12):2835-2840. doi: 
10.1002/ajmg.a.40534. Epub 2018 Sep 20. PMID: 30238602.
8.	 Mattioli F, Isidor B, Abdul-Rahman O, Gunter A, Huang 
L, Kumar R et al. Clinical and functional characterization 
of recurrent missense variants implicated in THOC6-related 
intellectual disability. Hum Mol Genet. 2019 Mar 15;28(6):952-
960. doi: 10.1093/hmg/ddy391. PMID: 30476144.
9.	 Neissi M, Mohammadi-Asl M, Roghani M, Al-Badran 
AI, Mohammadi-Asl J. Mutation Detection in MYO15A 
Gene in an Iranian Family with Non-Syndromic Hearing Loss. 
International Journal of Biomedicine. 2024;14(1):165-169. 

doi:10.21103/Article14(1)_CR3.
10.	 Hashemipour M, Sheikh-Hosseini M, Mabudi H. 
Association of Autism Spectrum Disorder in an Iranian 
Pedigree with a Novel Hereditary Mutation in SETD5. 
International Journal of Biomedicine. 2024;14(1):170-174. 
doi:10.21103/ Article14(1)_CR4.
11.	 Neissi M, Mabudi H, Mohammadi-Asl J. AHI1 gene 
mutation in a consanguineous Iranian family affected by 
Joubert syndrome: A case report. Clin Case Rep. 2021 Oct 
23;9(10):e05002. doi: 10.1002/ccr3.5002. PMID: 34721863; 
PMCID: PMC8538011.
12.	 Neissi M, Al-Badran AI, Mohammadi-Asl J. A Novel 
Deleterious MYO15A Gene Mutation Causes Nonsyndromic 
Hearing Loss. Iran J Otorhinolaryngol. 2024 Jan;36(1):355-
360. doi: 10.22038/IJORL.2023.69889.3372. PMID: 
38259694; PMCID: PMC10800138.
13.	 Muthusamy B, Garapati K, Girimaji SC. Exome sequencing 
identifies a novel mutation in THO complex, subunit 2 in non-
syndromic X-linked intellectual disability. Research Reports. 
2021(5):e1-e10. doi:10.9777/rr.2021.10002.
14.	 Kumar R, Gardner A, Homan CC, Douglas E, Mefford H, 
Wieczorek D et al. Severe neurocognitive and growth disorders 
due to variation in THOC2, an essential component of nuclear 
mRNA export machinery. Hum Mutat. 2018 Aug;39(8):1126-
1138. doi: 10.1002/humu.23557. Epub 2018 Jun 14. PMID: 
29851191; PMCID: PMC6481655.
15.	 Kumar R, Palmer E, Gardner AE, Carroll R, Banka S, 
Abdelhadi O et al. Expanding Clinical Presentations Due to 
Variations in THOC2 mRNA Nuclear Export Factor. Front Mol 
Neurosci. 2020 Feb 11;13:12. doi: 10.3389/fnmol.2020.00012. 
PMID: 32116545; PMCID: PMC7026477.


