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 Syndromic genetic disorders are often clinically het-
erogeneous and display a wide phenotypic variability. 
With the advent of next-generation sequencing technolo-
gies, it is now possible to identify causal mutations in 2 or 
more genes that may synergistically influence the pheno-
type of such complex disorders [Mégarbané, 2018]. Such 
digenic mutations have been shown to be present in genes 
that influence the same phenotype, as in the case of con-
genital hypogonadotropic hypogonadism [Méndez et al., 
2015] and Alport syndrome [Mencarelli et al., 2015]. On 
the other hand, biallelic variants in 2 different genes caus-
ing the co-occurrence of 2 different clinical phenotypes 
have also been reported in some families [Pedurupillay et 
al., 2016; Umair et al., 2017].

  Here, we report a Lebanese consanguineous family 
where a girl presented with severe psychomotor delay, 
atrial septal defect, hip luxation, facial dysmorphic fea-
tures, and seizures. Whole exome sequencing (WES) led 
to the identification of 2 novel homozygous missense vari-
ants in the  COQ8A  and  MED25  genes. The contribution 
of each of these variants to the phenotype is discussed.
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 Abstract 

 We report on a girl, born to first-cousin Lebanese parents, 
with severe intellectual disability, congenital hip luxation, 
cardiac malformation, short stature, facial dysmorphic fea-
tures including microcephaly, sparse hair, bilateral epican-
thal folds, ataxia, seizures, and elevated lactate and pyruvate 
levels in serum. Whole exome sequencing was carried out on 
the patient’s DNA. Potentially causal homozygous variants in 
the  MED25  (p.Ile173Thr) and  COQ8A  (p.Arg512Trp) genes 
were found. The potential pathogenicity of these variants, 
and the possibility that the 2 variants could synergistically 
act to produce the phenotype reported, is discussed. 
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  Clinical Report 

 The girl is the only child of consanguineous Lebanese parents, 
born at term by a C-section after a normal pregnancy following in 
vitro fertilization. Her birth weight was 3,150 g (35th centile), 
length 50 cm (35th centile), and OFC was 37 cm (75th centile). At 
birth, she had a bilateral congenital hip luxation, treated by a cast, 
and an ostium secundum. The parents noticed a developmental 
delay at around the age of 6 months. She started to sit at the age of 
1 year/2 months and to walk with assistance at the age of 3 years. 
At 4 years/9 months, she had her first episode of seizures. An EEG 
showed the presence of a focal discharge in the left temporal area. 
Seizures were medically well controlled.

  She was referred to our institute at the age of 5 years. She was 
unable to speak a few words, but she could understand simple or-
ders. Her height was 100 cm (5th centile), weight 17.2 kg (50th 
centile), and OFC was 46.5 cm (<3rd centile). Dysmporphic facial 
features included microcephaly, sparse hair, a high forehead, bilat-
eral epicanthal folds, broad nasal tip, flat and short philtrum, thin 
upper lip, and a large mouth ( Fig. 1 a, b). Her skin was normal with-
out scars or hyperelasticity. Neurological examination revealed 
difficulty maintaining a normal upright posture, an unsteady gait, 
weakness in fine motor skills, normal muscle tone and strength, 
normal reflexes, flat feet, and occasional stereotypic movements of 
the hands. Total body X-rays showed no abnormalities. Atrial sep-
tal defect was detected on the echocardiogram. Brain MRI at the 
age of 1 year showed cerebral atrophy mainly in the frontotempo-
ral region. Clinical examination of the parents was normal.

  Materials and Methods 

 Genomic DNA was isolated from the patient’s blood sample 
using standard techniques.

  Whole Exome Sequencing 
 Approximately 37 Mb (214,405 exons) of the consensus coding 

sequences were enriched from fragmented genomic DNA by more 
than 340,000 probes designed against the human genome (Nextera 
Rapid Capture Exome, Illumina Inc., San Diego, CA, USA) and the 
generated library sequenced on an Illumina NextSeq or HiSeq 4000 
platform (Illumina) to an average coverage depth 70–100×. Data 
was processed using bcl2fastq software 2.17.1.14 (Illumina) and fed 
to an in-house pipeline based on the 1000 Genomes Project data 
and Genome Analysis Toolkit (GATK) best practice recommenda-
tions. Variants were called using Burrows-Wheeler Alignment 
software with the Maximal Exact Matches algorithm and GATK 
HaplotypeCaller, freebayes, and samtools. Variants were annotated 
using Annovar Alamut version 2.4.5 (Interactive Biosoftware, 
Rouen, France) and in-house ad hoc bioinformatics tools and com-
pared to the in-house mutation database (CentoMD ® ), the Human 
Gene Mutation Database (HGMD ® ), ClinVar, and an ethnic data-
base containing over 750 exomes belonging to Arab individuals 
from the Arabian Peninsula. Variants were evaluated based on the 
mode of inheritance and compatibility with the clinical phenotype. 
All clinical features were translated to the Human Phenotype On-
tology (HPO) and filtered against the HPO-annotated variant list. 
Finally, clinical information was reevaluated and the data filtered 
again based on medical differential diagnostic assumptions.

  Results 

 The results of complete blood counts, serum electro-
lytes, blood glucose levels, triglycerides, cholesterol, ami-
no acid studies of plasma and urine, urinary screening for 
organic acids, urinalysis, thyroid, liver and renal function 
tests, CPK, Ca, and P were all unremarkable. Serum levels 

a b

  Fig. 1.  Frontal ( a ) and lateral ( b ) view of the 
patient. Note the microcephaly, high fore-
head, bilateral epicanthal folds, flat and 
short philtrum, thin upper lip, and a large 
mouth. 
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were increased for both lactate (59 mg/dL) and pyruvate 
(1.23 mg/dL), while serum coenzyme Q10 (CoQ10) was 
reported in the normal range. Muscular biopsy was not 
performed. High-resolution R-banding showed a normal 
46,XX karyotype.

  WES detected a homozygous missense variant in the 
 COQ8A  ( ADCK3 ) gene. This NM_020247.4:c.1534C>T 
(p.Arg512Trp) variant is extremely rare in the gnomAD 
database: frequency 0.0001026 (29/282,644 alleles), with 
no described homozygotes. It is predicted to be probably 
damaging by PolyPhen-2, deleterious by PROVEAN, and 
disease causing by MutationTaster. Following the recom-
mendations of the American College of Medical Genetics 
and Genomics, this variant is also classified as a variant of 
uncertain significance, class 3 [Richards et al., 2015].

  Another unreported homozygous variant was found 
in the  MED25  gene (NM_030973.3:c.518T>C; p.Ile-
173Thr). This variant has also never before been reported 
in association with a disease and is present at extremely 
low allele frequencies in the gnomAD Browser: 9/251,742 
(frequency 3.575e –6 ). No homozygotes were present in 
this database for this variant. It is predicted to be benign 
by PolyPhen-2, to be damaging according to PROVEAN, 
and disease causing according to MutationTaster. It is 
classified as a variant of uncertain significance, class 3, ac-
cording to the recommendations of American College of 
Medical Genetics and Genomics [Richards et al., 2015].

  Both variants were confirmed by Sanger sequencing 
and found in heterozygous state in both parents. In addi-
tion, both variants were found to be affecting highly con-
served residues in the protein ( Fig. 2 ).

  Discussion 

 Here, we report on a female patient of consanguineous 
parents with severe neurodevelopmental delay, seizures, 
ataxia, absence of speech, intellectual disability, stereo-
typic hand movements, and microcephaly.

  The  MECP2  and  FOXG1  genes were sequenced, but no 
pathogenic mutations were found. A WES was per-
formed, and 2 homozygous variants were found in 2 dif-
ferent genes in the patient.

  The first variant was found in the  COQ8A  gene, the 
homolog of yeast Coq8, involved in the synthesis of 
CoQ10, or ubiquinone, an electron carrier critical for 
electron transfer by the mitochondrial inner membrane 
respiratory chain, therefore, essential for proper func-
tioning of the mitochondrial respiratory chain [Lagier-
Tourenne et al., 2008]. Pathogenic variants in the  COQ8A  
gene are known to cause autosomal recessive primary 
CoQ10 deficiency type 4, also known as autosomal reces-
sive spinocerebellar ataxia type 9 (OMIM 612016). This 
disorder is characterized by childhood onset of cerebellar 
ataxia and exercise intolerance, but some affected indi-
viduals develop seizures and have mild mental impair-
ment, indicating variable severity. Our patient displayed 
ataxia, seizures, and increased lactate levels in serum that 
are characteristic of this condition ( Table 1 ). Neverthe-
less, she did not have pes cavus or cerebellar hypoplasia 
on the MRI, and CoQ10 levels were normal, which is dif-
ferent from primary CoQ10 deficiency type 4 syndrome; 
although, it is possible that CoQ10 levels may be reduced 
in the muscle biopsy which was not performed. More-

a b

  Fig. 2.  Multiple alignment of COQ8A ( a ) and MED25 ( b ) protein sequences using HomoloGene showing the 
conserved nature of the Arg512 and Ile173 residues. The DFG motif in the COQ8A sequences is also specified. 
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over, another particularity in our patient is the early onset 
of signs of abnormal gait as well as the severe intellectual 
disability. These discrepancies between our patient and 
previously reported cases may be explained by the fact 
that the homozygous  COQ8A  variant in our patient is sit-
uated within the protein kinase domain, which is differ-
ent from all other cases, but also secondary to the effect 
of a modifying gene. Interestingly, the p.Arg512Trp vari-
ant reported here is located very close to both a previ-
ously described p.Tyr514Cys mutation in a compound 
heterozygous patient [Lagier-Tourenne et al., 2008] as 
well as a conserved DFG motif that is known to play an 
important role in regulating kinase activity.

  The second variant identified by WES sequencing in 
our patient is a missense p.Ile173Thr variant in the 
 MED25  gene. This gene encodes a component of the tran-

scriptional coactivator complex termed the “Mediator 
complex” involved in the regulated transcription of near-
ly all RNA polymerase II-dependent genes. The encoded 
protein plays a role in chromatin modification and in pre-
initiation complex assembly.  MED25  was first implicated 
in the pathogenesis of autosomal recessive axonal Char-
cot-Marie-Tooth disease (ARCMT2B) [Leal et al., 2001, 
2009]. However, recent studies suggest that the mutation 
implicated in CMT2B is likely to be a rare benign variant 
rather than pathogenic [Figueiredo et al., 2015].

  Beside the ARCMT2B mutation, mutations in  MED25  
have been described in 2 other diseases: Basel-Vanagaite-
Smirin-Yosef syndrome (OMIM 616449) and syndrom-
ic intellectual disability [Basel-Vanagaite et al., 2015; 
Figueiredo et al., 2015]. Our patient shares many clinical 
features with the patients mentioned in these studies ( Ta-
ble 1 ). Interestingly, the novel p.Ile173Thr variant identi-
fied in this study, in  MED25 , is located in the same func-
tional domain, the von Willebrand-associated domain, as 
the p.Arg140Trp and p.Tyr39Cys mutations reported in 
the patients with Basel-Vanagaite-Smirin-Yosef syn-
drome and syndromic intellectual disability. The von 
Willebrand-associated domain is known to direct the in-
corporation of the protein into the Mediator complex 
[Sela et al., 2013]. In addition, homology studies clearly 
show the conserved nature of the residue across species. 
Even in distantly related species, such as annelids, the Ileu 
residue was noticed to be replaced only by another non-
polar residue, like leucine ( Fig. 2 ). Therefore, it is highly 
likely that a change to the polar threonine residue at this 
position would not be tolerated. Together with the ex-
tremely rare allele frequency in the gnomAD database 
and the predicted damaging effect of the variant, this vari-
ant is likely to be influencing the phenotype of our pa-
tient. We thus propose that our patient’s phenotype is the 
combined result of 2 variants, the  COQ8A  variant being 
the “highly penetrant mendelizing variant”, and  MED25  
being the phenotype-modifying variant [Lupski et al., 
2011].

  Since the reported clinical phenotypes for mutations 
in both  COQ8A  and  MED25  show a large degree of over-
lap, it is difficult to assign individual clinical features in 
our patient to effects of either of the mutations. For in-
stance, intellectual disability in our patient could be due 
to a severe manifestation of autosomal recessive spino-
cerebellar ataxia type 9, or due to syndromic intellectual 
disability caused by the  MED25  mutation. Functional 
studies in model organisms would help reveal the indi-
vidual contribution of these variants to the overall pheno-
type.

Table 1.  Clinical comparison between the present case and other 
reported patients with MED25 and COQ8A mutations

Present
case

Basel-
Vanagaite
et al., 2015

Figueiredo
et al., 2015

COQ8A-
related 
disorder

Congenital hip luxation + – NA –
Developmental delay + + + +
Absent/delayed speech + + + –
Short stature + – NA –
Seizures + + NA +
Ataxia + – – +
Hypotonia + + NA –
Microcephaly + + NA –
Tall forehead – – + –
Sparse hair + + – –
Sparse eyebrows – + – –
Nevus flammeus – + – –
Ptosis – + – –
Hypertelorism + + – –
Epicanthus + + – –
Cataract – + NA –
Microcornea – + NA –
Strabismus + + NA –
Downslanting palpebral

fissures – + – –
Broad nasal tip + – + –
Short philtrum + + + –
Large mouth + – – –
Cleft palate – + – –
Prominent chin –  + –
Wide cupid bow – +  –
Thin upper lip + + + –
Pes cavus – – NA +
Increased serum lactate + – NA +
Decreased coenzyme Q10 – – NA +
Brain malformations – + NA +
Heart malformations + + NA –
Abnormal genitalia – + NA –

 NA, information not available; +, present; –, absent.
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