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ABSTRACT
The mediator complex subunit 23 (MED23) gene encodes a protein that acts as a tail module mediator complex, a 
multi-subunit co-activator involved in several cellular activities. MED23 has been shown to have substantial roles in 
myogenesis and other molecular mechanisms. The functions of  MED23 in the neurological system remain unclear 
and the clinical phenotype is not thoroughly described. Whole exome sequencing was used to identify a novel muta-
tion in the MED23 gene. DNA capture probes using next-generation sequencing-based copy number variation anal-
ysis with Illumina array were performed. The clinical, demographic, neuroimaging, and electrophysiological data of  
the patients were collected, and similarly, the data of  all reported cases in the literature were extracted to compare 
findings. Screening a total of  9,662 articles, we identified 22 main regulatory processes for the MED23 gene, including 
suppressive activity for carcinogenic processes. MED23 is also involved in the brain’s neurogenesis and functions. The 
identified cases mainly presented with intellectual disability (87.5%) and developmental delay (50%). Seizures were 
present in only 18.75% of  the patients. Slow backgrounds and spike and sharp-wave complexes were reported on the 
electroencephalogram (EEG) of  a few patients and delayed myelination, thin corpus callosum, and pontine hypopla-
sia on magnetic resonance imaging (MRI). The MED23 gene regulates several processes in which its understanding 
promotes considerable therapeutic potential for patients. It is crucial to consider genetic and laboratory testing, par-
ticularly when encountering potential carriers. Intellectual disability and developmental delay are the most notable 
clinical signs with heterogeneous features on EEG and MRI.
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INTRODUCTION

As a component of  the core transcriptional machinery, the me-
diator complex sub-unit 23 gene (MED23; OMIM# 605042) 
encodes a protein that acts as a tail module mediator complex 
and a multi-subunit co-activator involved in several cellular ac-
tivities [1,2]. These mutations cause the deregulation of  import-
ant genes that are required for early brain development, affecting 
normal child growth [3]. The majority of  the time, pathogenic 
alterations are thought to impact the loss-of-function of  MED23 
function by affecting the clustering of  residues in N-HEAT, 
3-HEAT, and 5-HEAT. 

Recently, four individuals with intellectual disabilities (IDs) 
were reported to have it [3,4]. Over the following two decades, 
several other mutant MED23 alleles linked to complex III de-
ficiency have been reported and associated with a set of  mito-
chondrial disorders of  varying severity, ranging from early onset, 
lethal diseases, to mild conditions with chronic clinical courses 
[5–7]. In addition to these biological processes, MED23 has been 
shown to have substantial roles in myogenesis, lung carcinogen-
esis, glucose and lipid metabolism, T cell activation, enhanced 
neural differentiation, and osteoblast differentiation [8–14]. The 
functions of  MED23 in the neurological system remain unclear. 
According to descriptions of  further cases, the phenotype may be 
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more complicated depending on the kind, location, and effect of  
MED23 mutations [4,15–17], whereas the ‘classical phenotype’ 
is defined as having characteristics such as microcephaly, axial 
hypotonia, epilepsy, dystonia, and spasticity. Additional features 
such as screaming spells, ID, developmental delay, abnormal 
electroencephalography (EEG), and epilepsy have also been doc-
umented in affected individuals [4,16,17]. Notably, rare reports 
of  speech delay have also been reported in a few cases [4,15,17]. 

According to a gene ontology study, apoptosis, cell prolifera-
tion, Pol II-associated transcription, and Notch signaling path-
way genes are enriched in MED23-deficient neural stem cells. 
These findings show that MED23 is a key regulator of  adult brain 
activity when taken as a whole [18]. The clinical phenotype of  
the condition has not yet been thoroughly elucidated owing to 
the small number of  reported patients with biallelic MED23 
mutations [19]. In recent years, substantial advancements were 
made with the emergence of  new diagnostic modalities, includ-
ing next-generation sequencing, which became the core technol-
ogy for gene discovery, giving practicing clinicians the ability to 
detect novel mutations, including MED23 [20]. In such patients, 
genetic testing, mainly whole exome sequencing (WES), is the 
modality of  choice to detect the mutation, as demonstrated in 
previous reports. 

The aim of  this study was to provide further evidence to the 
currently available literature on the clinical presentation of  the 
MED23 mutation and systematically analyze the common fea-
tures that could potentially be described as a syndrome, to aid cli-
nicians in identifying patients with the mutation by emphasizing 
specific hallmarks related to it. Moreover, we present a novel case, 
the first to be reported from Saudi Arabia, carrying a mutation 
in the MED23 gene, clinically presenting with seizure and devel-
opmental delay and diagnosed using advanced genetic testing.

MATERIAL AND METHODS

Search strategy    

We reviewed the literature searching for patients with confirmed 
variant in the MED23 gene. All publications, from the first pub-
lished article in February 1999 to September 2023 were searched, 
collected, and analyzed accordingly. The terms (MED23) and 
(Mediator complex) were applied, and articles were filtered 
without restriction on the study design. The review was carried 
out in September 2023 and involved the collection and analy-
sis of  demographic, clinical, genetical, neuroimaging, and elec-
trophysiological data. The data were collected from 16 patients 
[3,4,15–17,19–21] in addition to a novel case presented from 
Saudi Arabia. All cases had a confirmed variant in the MED23 
gene. The following databases were used for the literature search: 
MEDLINE/PubMed, Google Scholar, EMBASE, Scopus, Web 
of  Science, and EBSCOhost. The extracted variables included 
clinical data such as seizure semiology, ID, developmental mile-
stones, and current or past history of  hypotonia. Seizure types 
and electroclinical syndromes were classified according to the 
International League Against Epilepsy (ILAE) [22]. Also, find-
ings on neuroimaging and electrophysiological including mag-
netic resonance imaging (MRI) and EEG were obtained. We also 
extracted demographic and genetic information of  each case, 
including age of  disease onset/diagnosis, sex, reported country, 
parents’ origin, consanguinity, genetic mutation (i.e., patient al-
lele, paternal allele, and maternal allele). The search strategy was 

constructed from previously published literature [23]. The study 
adhered to the provisions of  the Narrative Review Checklist de-
veloped by Green et al. in 2006 [24]. The novel case was present-
ed in accordance to the Case Report (CARE) guidelines for case 
reports [25].

Sample collections 

Following appropriate ethical and logistical measures, we ob-
tained an informed consent from the parents of  the affected 
child after explaining the nature and purpose of  the study. Sub-
sequently, the genetic sample of  the patient was obtained. 

WES testing was performed on DNA extracted from the 
patient’s blood, saliva, or tissue. Approximately 45 Mb of  the 
genome, corresponding to 99% of  the Consensus Coding Se-
quence (CCDS) obtained from RefSeq, GENCODE, ENSEM-
BL, were enriched from fragmented DNA with probes designed 
against the human genome (Nextera DNA Flex Pre-Enrichment 
Library Prep and Illumina Exome Panel). The library generated 
was sequenced with S2/S4 Reagents Kits (Illumina) on the No-
vaSeq 6000 Sequencing System (Illumina). Raw sequencing data 
were processed by the Igenomix in-house bioinformatics pipeline 
(v.1.0). In brief, the raw data was first demultiplexed to link mo-
lecular barcodes with the sample identification, followed by the 
trimming of  adaptors. The reads were mapped to the human 
genome reference (GRCh37), and duplicated reads were marked 
before variant calling and annotation. 

The bioinformatics procedure includes the detection of  ger-
mline single nucleotide variants (SNV), small insertions or de-
letions, and copy number variations (CNVs). The whole exome 
used has an average reading depth greater than 100×, and 95% 
of  the regions have a reading depth greater than 20×. Samples 
that do not meet the quality criteria established in the validation 
plan are evaluated in order to identify the cause of  the failure and 
to request resampling, re-extraction, or resequencing of  the sam-
ple, whenever applicable. Data analysis, including alignment to 
the hg19 human reference genome (Genome Reference Consor-
tium GRCh37), variant calling, and annotation was performed 
using validated software [21]. The Picard tool (version 1.118) 
was used to remove PCR duplications. Further prioritization was 
performed focusing on rare variants that were loss of  function 
(frameshift, nonsense, and splice site mutations), homozygous 
missense and/or affecting known disease genes from the Online 
Mendelian Inheritance in Man database [26]. 

Several prediction tools were used to predict the pathogenicity 
of  the identified variant using in silico pathogenicity prediction 
programs (SIFT, Polyphen, Mutation Taster, CADD, etc). All 
variants related to the phenotype of  the patient, except benign or 
likely benign variants, are reported. Additionally, provided family 
history and clinical information are used to evaluate eventually 
identified variants.

RESULTS

Case presentation     

The parents of  the patient provided written consent for this case 
report. The patient was a 5-year-old Egyptian girl who presented 
with multiple complaints. The patient has a positive history of  
constipation, frequent aberrant movements resembling chorea, 
hypotonia, focal right-side clonic seizures, and global develop-
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mental delay. Owing to the patient’s clinical presentation and 
family history, she underwent WES testing, which revealed a ho-
mozygous variant in the MED23 gene (MED23:c.3742G>A[p.
Glu1248Lys]), a variant of  uncertain significance. The patient’s 
parents are also of  Egyptian origin and distant cousins (consan-
guineous marriage). The family pedigree is presented in Figure 
1. She is their first child, and there are no similar health issues 
reported in the paternal and maternal family. 

As for her perinatal history, she was born through natural vag-
inal birth at 39 weeks of  gestation. She had normal birth param-
eters with a weight of  3.8 kg and a length of  56.8 cm. Initially, 
she attended our pediatric neurology clinic for her seizure and 
developmental delay. The parents were mainly concerned about 
their child’s development and noticed a delay in comparison to 
children of  her age when she was 6 months of  age. Currently, 
she is 5 years old. As for her current developmental status, she 
is unable to sit, stand, or walk. Rolling over is also not achieved, 
and she has difficulty reaching objects. In terms of  speech, her Figure 1. The pedigree of the family and the affected proband

Table 1. Main regulatory processes for the MED23 gene

Authors Year Regulatory process/outcome

Ribeiro-Dos-Santos et al. [38] 2023 Co-expression modules for Alzheimer’s disease

Yang et al. [37] 2023 Embryonic lethality and disturbed neural development, learning and memory functions

Yang et al. [36] 2022 Promotes angiogenesis and maintains vascular integrity by suppressing Ang2 signaling

Sun et al. [35] 2021 Regulates smooth muscle development

Dash et al. [34] 2021 Involved in craniofacial anomalies

Morais-Rodrigues et al. [33] 2020 Potentially co-predictor of breast cancer genes

Chen et al. [18] 2020 Regulates adult brain neurogenesis and functions

Wang et al. [32] 2019 Involved in the development of experimental liver fibrosis

Xu et al. [31] 2018 Transcriptional regulator that controls invariant natural killer T cell differentiation and terminal 
maturation

Chen et al. [30] 2018 Gatekeeper of myeloid potential of hematopoietic stem cells

Xia et al. [29] 2017 Coupling ultraviolet-induced DNA repair to pigmentation

Liu et al. [28] 2016 Involved in a regulatory network of anabolic bone formation and related diseases

Jo et al. [27] 2015 Potential suppressor of colorectal cancer

Guo et al. [43] 2015 Suppressing proliferation and tumorigenesis in hepatocellular carcinoma

Shi et al. [42] 2014 Suppressive role against esophageal cancer (inhibits tumorigenicity of esophageal squamous cell 
carcinoma)

Sun et al. [9] 2014 Contributes to controlling T cell activation at the transcriptional level and prevents the 
development of autoimmune disorders

Chu et al. [11] 2014 Regulator for energy homeostasis and maintains hepatic gluconeogenesis and blood glucose 
levels

Majewski et al. [41] 2013 Co-expression modules for gastric cancer

Yin et al. [14] 2012 Regulates cell fate decisions, cell proliferation, and migration

Yang et al. [10] 2012 Inhibits the proliferation and tumorigenicity of lung cancer cells with hyperactive Ras activity

Wang et al. [40] 2009 Links transducing insulin signaling to the transcriptional cascade during adipocyte differentiation 
(involved in adipogenesis)

Balamotis et al. [39] 2009 Embryonic lethality with defects in neural and cardiovascular systems
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disease by serving as a co-expressive link, embryonic lethality by 
disturbing neural development, namely learning and memory 
functions, and promoting angiogenesis, as well as maintaining 
vascular integrity by suppressing Ang2 signaling. In vivo trials 
showed that alteration in the gene is involved in multiple carcino-
genic activities. Furthermore, the gene inhibits tumorigenicity 
of  esophageal squamous cell carcinoma, tumorigenicity of  lung 
cancer cells, and tumorigenesis in hepatocellular carcinoma. It 
also serves as a co-expression module for gastric cancer and is 
a potential suppressor of  colorectal cancer, as well as a poten-
tial co-predictor of  breast cancer genes. In further details, the 
MED23 subunit restricts smooth muscle cell lineage development 
and promotes growth-related gene expression. As for the gene’s 
role in the human brain, another study reported a regulatory 
mechanism in the brain’s neurogenesis and functions. In the study 
by Chen et al. [18], MED23-deficient mice were shown to have 
a decreased activity in the neuroblasts and immature neurons. 
Overall, other processes were summarized in Table 1, showing 
inconsistent findings across the human body with different in-
volvement in multiple organs. But generally, a growing trend to-
wards the discovery of  carcinogenic involvement is noted.

Literature review  

Extensive literature screening yielded 16 patients in eight pub-
lished articles [3,4,15–17,19–21]. Initially, a total of  9,662 articles 
were filtered and screened for patients with confirmed MED23 
variant. Of  those articles, 117 were eligible for further screening 
using the full text, whereas others were excluded using the title 
and abstract information. Finally, the 16 patients represent every 
reported case in the literature (Figure 2). All 16 patients had a 
confirmed variant in the MED23 gene using advanced genetic 
testing. The demographic, clinical, neuroimaging, and electro-
physiological data of  all cases were extracted to compare findings 
with a novel case identified using WES testing, which has never 
been described in the literature.

Exome sequencing

WES analysis was used to identify the variant in the MED23 
gene of  our case. An autosomal recessive homozygous 
missense variant in the exon 28/31 of  the MED23 gene 
[NM_015979.4:c.3742G>A, p.(Glu1248Lys)] that replaces the 
amino acid glutamine with lysine at codon 1248 was detected. 
Of  the 16 cases, only eight pathogenic variants were identified 
including MED23: c.383G>A(p.Gly128Glu)/c.1831C>T(p.
Arg611Trp), c.2549T>C(p.Leu850Pro), c.382G>A(p.G128R)/
c.539C>A(p.A180D), c.670C>G:p.R224G/c.670C>G(p.
R224G), and c.1937A>G(p.Gln646Arg). Those variants 
were detected in only a single patient. Meanwhile, other ge-
netic variants, including c.506A>G(p.Y169C)/c.506A>G(p.
Y169C), c.3638A>G(p.H1213R)/c.3988C>T(p.R1330), and 
c.1832G>A(p.R611Q)/c.1832G>A(p.R611Q) were reported in 
multiple siblings in a single family each. Of  those patients, only a 
single patient ascertained homozygous mutation in a novel mis-
sense variant; other patients were heterozygous mutations. De-
tailed genetic data in respect to their demographic data, includ-
ing the patients’ and parents’ origin or ethnicity, are presented 
in Table 2.

abilities are limited to babbling. Cognitive function is character-
ized by pursuit fixation and following objects. Past medical histo-
ry reveals no recurrent infections. Chronic constipation is present, 
requiring the patient to use laxatives. The patient was diagnosed 
with cerebral palsy at the age of  1 year, before the genetic test-
ing. Physical examination findings revealed microcephaly, as head 
circumference was below the 3rd percentile, axial hypotonia, and 
appendicular spasticity. The cranial nerve examination was nor-
mal. She had no dysmorphic features and her motor function was 
three out of  five, as the patient was able to move against gravity in 
a random manner. Deep tendon reflexes are normal, and sensory 
response includes withdrawal from painful stimuli. Choreoatheto-
sis movements are also noted. Examining other systems was unre-
markable. Furthermore, she underwent an EEG that showed left 
centro-temporal epileptic discharges. Brain MRI showed diffuse 
brain atrophy and a dilated lateral ventricle with a small right hip-
pocampus. The patient continues to follow-up with our clinic for 
seizure control evaluation.

Regulatory processes 

There were 22 studies presenting novel theories of  MED23 ex-
pression pattern [9–11,14,18,27–43]. Regulatory processes are 
multisystemic and involve multiple molecular pathogeneses. In 
chronological order, ranging from most recent to oldest, the reg-
ulatory processes included the gene’s involvement in Alzheimer’s 

Figure 2. Flow diagram of the eligible and included studies

Figure 3. The prevalence of main clinical features compared 
according to sex distribution
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DISCUSSION

MED23 is a gene encoding a subunit of  the mediator complex 
that integrates various signaling pathways [41,42]. It has multiple 
molecular roles, including an oncogenic role in Ras-dependent 
cancers [10]. In some overexpressed processes, silencing MED23 
promotes the role of  adjuvant therapies that could contribute to 
overcoming drug resistance in some patients [43]. Knockout mice 
studies showed multiple involvement of  the gene in transcription 
factors, possibly potentiating the expression of  other factors [41]. 
This gene has shown involvement in adipogenesis, chromatin 
modification, neural differentiation, proliferation, smooth muscle 
cell differentiation, and tumorigenesis [3,34,44,45]. 

In this study, we summarized all regulatory processes of  the 
gene, indicating a broad spectrum of  involvement. MED23 in-
teracts with several transcription activators involved in splicing, 
elongation, and post-transcriptional events [46]. Moreover, many 
studies reported different phenotypic features of  the patients car-
rying a pathogenic variant of  the gene in limited countries across 
the globe (Figure 4) [4,15,17,19]. To name a few, some studies re-
ported facial dysmorphism among their patients [17,19], despite 
the lack of  such findings among other patients [3,4,16,39,40] 
in addition to our newly-reported case. Even in some families 
with multiple affected individuals, such findings were absent 
[40]. Furthermore, seizure was not a predominant hallmark, 
with only three cases in the literature reporting some form of  
seizure activity [16,17,19]. However, although our case presented 
with seizure, the literature suggests that it is less expected that 
the MED23 gene would be considered a part of  genetic epilepsy 
disorders. In one case reported by Lionel et al. [17], a ketogenic 
diet was effective in controlling the patient’s seizure. 

Baseline clinical data 

Key baseline data include the age of  onset that was reported 
among eight patients. The age of  disease onset ranged from since 
birth (patient no. 1) to 51.5 months (patient no. 4). Regarding 
clinical features, facial dysmorphism was reported in two patients 
(patient no. 2 and no. 10). Seizures were reported in three pa-
tients in addition to our patient. Their semiology included gener-
alized tonic seizures across all three patients, with one presenting 
with tonic-clonic seizures. Regarding our patient, she presented 
with focal right-side clonic seizures. Moreover, ID was the most 
prevalent manifestation, presenting in 14 patients, two of  which 
reported positive for seizure activity. Developmental delay with 
various degrees of  severity and across a spectrum of  domains 
was also present in nine patients. Lastly, hypotonia was reported 
among seven patients. Detailed data are presented in Table 2. A 
summary of  the clinical presentation is illustrated in Figure 3.

Neuroimaging and electrophysiological data 

Regarding EEG studies, abnormal findings were detected in five 
patients. Similarly, another five patients did not perform EEG 
studies. Normal EEG findings were reported among two pa-
tients. Both patients with normal EEG clinically reported ID and 
developmental delay. Despite abnormal EEG in patients no. 11 
and 12, there were no clear seizure or epileptic activity clinically. 
Abnormal EEG included slow backgrounds and spike and sharp-
wave complexes. Concerning neuroradiological findings, abnor-
mal MRI was reported among four patients, and their findings 
included delayed myelination, thin corpus callosum, and pontine 
hypoplasia. Detailed radio-electrophysiological data are present-
ed in Table 2.

Figure 4. Countries with reported cases of MED23 mutation (Saudi Arabia, Iran, Pakistan, United States, Canada, France, Italy, and Finland)
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