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MED27 is a subunit of the Mediator multiprotein complex, which is involved in transcriptional regulation. Biallelic 
MED27 variants have recently been suggested to be responsible for an autosomal recessive neurodevelopmental 
disorder with spasticity, cataracts and cerebellar hypoplasia. We further delineate the clinical phenotype of 
MED27-related disease by characterizing the clinical and radiological features of 57 affected individuals from 
30 unrelated families with biallelic MED27 variants.
Using exome sequencing and extensive international genetic data sharing, 39 unpublished affected individuals from 
18 independent families with biallelic missense variants in MED27 have been identified (29 females, mean age at last  
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follow-up 17 ± 12.4 years, range 0.1–45). Follow-up and hitherto unreported clinical features were obtained from the 
published 12 families. Brain MRI scans from 34 cases were reviewed.
MED27-related disease manifests as a broad phenotypic continuum ranging from developmental and epileptic-dys
kinetic encephalopathy to variable neurodevelopmental disorder with movement abnormalities. It is characterized 
by mild to profound global developmental delay/intellectual disability (100%), bilateral cataracts (89%), infantile 
hypotonia (74%), microcephaly (62%), gait ataxia (63%), dystonia (61%), variably combined with epilepsy (50%), 
limb spasticity (51%), facial dysmorphism (38%) and death before reaching adulthood (16%). Brain MRI revealed 
cerebellar atrophy (100%), white matter volume loss (76.4%), pontine hypoplasia (47.2%) and basal ganglia atrophy 
with signal alterations (44.4%). Previously unreported 39 affected individuals had seven homozygous pathogenic 
missense MED27 variants, five of which were recurrent. An emerging genotype-phenotype correlation was ob
served.
This study provides a comprehensive clinical-radiological description of MED27-related disease, establishes geno
type-phenotype and clinical-radiological correlations and suggests a differential diagnosis with syndromes of cer
ebello-lental neurodegeneration and other subtypes of ‘neuro-MEDopathies’.
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Introduction
Mediator (MED) is a large, evolutionarily conserved multiprotein 
complex that plays a critical role in facilitating transcriptional regu
lation by acting as a physical and functional bridge between 
DNA-binding transcription factors and the transcriptional machin
ery. Mediator comprises ∼25 subunits in yeast and ∼30 distinct sub
units in humans that are organized into three main modules: head, 
middle and tail, forming the core MED, and a separable four- 
subunit kinase module (CKM).1,2

The biological significance of Mediator in human development 
is vigorously demonstrated by an emerging list of human patholo
gies linked to genetic variation or aberrant expression of genes en
coding the individual subunits. Pathogenic variant alleles in 
several of the genes for MED complex subunits are associated 
with distinct monogenic neurodevelopmental or neurodegenera
tive disorders (NDDs) with overlapping clinical features, which 
could collectively be grouped under the umbrella term 
‘MEDopathies’ or ‘Neuro-MEDopathies’. Pathogenic variants in 
MED17 (MIM:603810), MED20 (MIM:612915), MED23 (MIM:605042), 
MED25 (MIM:610197) and MED11 (MIM:612383) lead to autosomal 
recessive NDDs.3-7 De-novo/heterozygous pathogenic variants 
in MED12L (MIM:611318), MED13 (MIM: 603808), MED13L 
(MIM:608771), CDK8 (MIM:603184) and CDK19 (MIM:614720) cause 
autosomal dominant NDDs.8-12 Hemizygous pathogenic variants 
in MED12 (MIM:300188) are associated with multiple X-linked re
cessive intellectual disability (ID) syndromes, including Opitz– 
Kaveggia syndrome (MIM:305450), also known as FG syndrome, 
Lujan–Fryns syndrome (MIM:309520) and X-linked Ohdo syn
drome (MIM:300895) as well as non-syndromic ID. Heterozygous 
MED12 pathogenic variants cause an X-linked dominant multiple 
congenital anomaly disorder known as Hardikar syndrome which 
is only reported in females.13

The MED27 protein is a subunit of the mediator complex, 
which connects transcription factors to the RNA polymerase II 
complex; thus, it is an essential part of the eukaryotic transcrip
tion machinery. The MED27 protein, along with MED28, MED29 
and MED30, forms the upper tail segment.14 It has recently 
been shown that biallelic MED27 variants cause an NDD with 
spasticity, cataracts and cerebellar hypoplasia (MIM:219286).15,16

Here, we further characterize molecular and clinical-radiological 

features of a large cohort consisting of new and previously 
reported cases with biallelic likely pathogenic and pathogenic 
MED27 variants.

Subject and methods
Patient ascertainment and clinical and genetic 
investigations

To further delineate MED27-related NDD, we applied a genotype- 
first approach by data mining large aggregates of DNA sequences 
from different diagnostic and research genetic laboratories, includ
ing Queen Square Genomics, Centogene, GeneDx, Baylor Genetics, 
Invitae, 100,000 Genomes Project, ClinVar, Decipher, DDD study, 
Geno2MP and many other local databases worldwide, as well as 
using GeneMatcher17 and VarSome. A detailed clinical proforma 
was completed by recruiting clinicians for unpublished and pub
lished affected individuals. Previously unreported features, some 
follow-up clinical data and brain MRI, including new MRI scans 
were obtained from all reported families. The institutional review 
boards of University College London as well as the respective host 
institution approved this study. All study participants and/or their 
parents or guardians signed informed consent allowing for partici
pation and publishing of photographs and videos and other rele
vant identifying information.

Exome sequencing (ES) was performed on genomic DNA ex
tracted from blood in different diagnostic or research laboratories 
around the world (Supplementary Table 1). The candidate variants 
were confirmed after filtering (i.e. minor allele frequency 0–0.005) 
and interpretation according to the American College of Medical 
Genetics and Genomics and the Association for Molecular 
Pathology (ACMG-AMP) guidelines,18 and segregation analysis 
was performed by Sanger sequencing.

Neuroradiological review

Brain MRI studies were reviewed in consensus by two experienced 
paediatric neuroradiologists (M.S and D.T). Qualitative and semi- 
quantitative assessments of the cerebellar atrophy and supraten
torial white matter volume reduction were performed as previously 
described.19 Additional neuroimaging information regarding 
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cortical, basal ganglia, white matter and midbrain-hindbrain 
anomalies were noted. Continuous variables were summarized as 
mean, and categorical variables were summarized as frequencies 
and percentages. Age differences at the last brain MRI for clinical 
and neuroimaging features were tested using the Mann–Whitney 
U-test. The associations between clinical and neuroradiological 
findings were evaluated by the chi-squared and Fisher’s exact 
test. Statistical significance was set to P = 0.05. Statistical analyses 
were performed using SPSS Statistics software, v26 (IBM, Armonk, 
NY, USA) (see Supplementary material for details).

Single state difference in Gibbs free energy 
calculations

The cryo-EM structure PDB:6W1S14 of the mouse mediator com
plex was used for analyses in PyRosetta20 (code available at 
https://github.com/matteoferla/MED27_analysis). The structure 
was energy minimized using three cycles of LocalRelax,21 followed 
by one cycle of FastRelax for each chain. To score each variant, the 
10 Å neighbourhood of the residue affected was energy minimized 
(FastRelax) for five cycles before and after the introduction of the 
substitution using the ref2015 score function.22 The local flexibil
ity of the structure was probed using the BackrubMover.23

Structures have been shared via Michelaɴɢʟo.24 Methods for mul
tiple sequence alignment are provided in the Supplementary 
material.

Results
Genetic findings

We identified 39 unpublished affected individuals across 18 fam
ilies harbouring eight homozygous MED27 variants, five of which 
have not previously been reported. The variants were as follows: 
Families 1, 2, 7, 9, 24, 26, 28 and 30, c.871G>A, p.Gly291Ser; 
Families 3 and 10, c.536A>C, p.His179Pro; Family 4, c.689T>G, 
p.Ile230Arg; Family 5, c.814A>C, p.Ser272Arg; Family 6, c.818A>G, 
p.Tyr273Cys; Families 8, 22, 23 and 25, c.725T>C, p.Val242Ala; and 
Family 29, c.220-231del, p.Ser74_Val77del (Figs 1, 2A and B and 
Supplementary Table 1). All variant alleles identified in the families 
were either absent or observed only as heterozygous at extremely 
low frequencies in over 1.5 million alleles across multiple publicly 
available and private genetic variant databases (range 0–0.003). 
Five variants (5/16, 31%) were observed in more than one family. 
Notably, p.Gly291Ser and p.Val242Ala variants were found in 10 in
dependent Arab families and five independent Turkish/Aramaic 
families, respectively. Interestingly, haplotype analysis of the 
p.Gly291Ser revealed at least two distinct haplotypes surrounding 
the variant, suggesting two independent mutational events within 
Arabian Middle Eastern populations. On the other hand, the 
p.His179Pro variant identified in two independent Pakistani fam
ilies showed similar haplotypes, indicating a possible founder ef
fect for the variant (Supplementary Fig. 1A). In addition, all 
variants occurred in conserved amino acid residues in MED27 and 
segregated with disease within the families (Fig. 1 and
Supplementary Fig. 1B). Computational variant prediction tools 
such as MutationTaster, SIFT and PolyPhen predict the functional 
impact of all but two variants as mainly damaging and deleterious. 
According to the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology 
(ACMG-AMP) system for variant classification,18 all the variants 
are classified as either likely pathogenic or pathogenic. The 

characteristics of the previously reported and new variants are 
summarized in Supplementary Table 1.

In silico modelling

MED27 is composed of two regions, an N-terminal region that forms 
a heterodimeric helical bundle with MED29, and a C-terminal 
globular domain that interacts with various head segment proteins 
(Fig. 2C and D).14 Except for one variant allele, the translated pro
ducts of the variants affect residues within the globular domain. 
The only variant that affects the MED27-MED29 heterodimeric re
gion is p.Val63Gly, which is a structurally destabilizing substitu
tion, affecting a residue close to the interface with MED29 
(Fig. 2D). The majority of the variants in the globular domain are 
predicted to be destabilizing in the conformation analysed (ΔΔG >  
+2 kcal/mol). As a reference for variants that are potentially neutral, 
gnomAD, a database of variants from the healthy population, was 
inspected. There are only three stop-gain/frameshift and 42 mis
sense variants reported in the canonical transcript (Q6P2C8, 
ENST00000292035, NM_004269, 311 amino acids long), which is 
the sole transcript in the tissues reported in the GTex database.25

Of those, only three variants are predicted to be destabilizing. The 
remaining variants are either structurally neutral or occur in amino 
acids within the regions of missing density (Supplementary 
material).

Clinical delineation

Clinical data were assembled from 18 unpublished independent 
families with 39 affected individuals along with follow-up clinical 
details from 18 reported individuals across 12 families, and the 
summary is presented in Table 1, Fig. 3 and Supplementary 
Table 2. Overall, 57 patients from 30 independent families were in
cluded. Video recordings were available from Families 3, 5, 11, 24, 
25, 26, 28, 29 and 30 (Supplementary Videos 1–9, available at 
FigShare doi:10.6084/m9.figshare.23723940).

The cohort comprised 29 females and 28 males with a mean age 
of 17 ± 12.4 years (age range 2 months–45 years) at the most recent 
follow-up. Nine affected individuals died at a mean age of 5.9 ± 4.8 
years (age range 2 months–13 years).

Prenatal and perinatal histories were mostly unremarkable 
(50/54, 93%) with full-term birth in 30/36 cases (83%), while only 
six affected individuals had abnormal antenatal findings (Table 1
and Supplementary Table 2 for details). Failure to thrive was re
ported in 11/47 (24%) patients.

Infantile hypotonia (32/43, 74%) and global developmental de
lay (GDD), including motor delay (48/53, 91%), delayed cognitive 
development ranging from mild to profound (50/50, 100%) and de
layed speech (53/53, 100%), were common disease manifestations. 
Age at unsupported sitting was available in 36 cases, 17 of whom 
had delayed sitting, while 16 never attained independent sitting. 
Age at walking was obtainable in 41 cases, 23 of whom have failed 
to attain independent walking, eight walked at a normal age, and 
10 acquired unassisted walking between the ages of 19 and 
38 months. Twenty of 53 cases with delayed speech were com
pletely non-verbal. Only 35% (17/49) of the affected individuals 
were able to perform basic activities of daily living (ADLs). The 
loss of acquired milestones was reported in 37% of cases (19/52) 
and a progressive disease course was confirmed in 20/47 (43%) af
fected individuals.

At the latest available follow-up, weight and height were below 
the 10th percentile in 24/37 (65%) and 17/35 (49%) cases, respective
ly. Microcephaly was present in 24/39 (62%) cases. The common 
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neurological features included gait ataxia (20/32, 63%), central 
hypotonia (28/51, 55%) and dystonia (30/49, 61%) combined with 
excessive drooling (19/36, 53%), epilepsy (27/54, 50%), hyperreflexia 
(23/40, 58%) and limb spasticity (26/51, 51%). In 20/50 (40%) cases, 
it was not possible to assess cerebellar ataxia due to either infant
ile mortality or lack of independent ambulation, and severe cog
nitive impairment variably combined with generalized dystonia. 

Dysarthria was confirmed in 19 of 29 individuals with delayed 
speech acquisition. Dystonia was generalized in 17/38 (45%) cases, 
occasionally leading to opisthotonic posture of the trunk, asso
ciated with fixed dystonia in the limbs, and involving the tongue 
(12/38, 32%) and face/jaw (10/34, 30%). Dystonia was responsive to 
L-dopa in two cases from Family 12. Spasticity had variable severity 
and equally affected upper and lower limbs in 14 cases, while seven 

Figure 1 Pedigrees of affected families showing segregation of the biallelic MED27 variants. (A) New families; (B) reported families. 
Filled symbol = affected. Genotype, where indicated, represents the results of the evaluation of the variants by Sanger sequencing.
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Figure 2 In silico modelling of MED27 gene, protein and position of the variants. (A) Chromosome 9 showing position of MED27 on 9q34.13. (B) Schematic 
diagram of MED27 gene and protein. The location of previously reported variants is indicated by a grey line and new variants by a black line. Introns are 
not to scale. Exon numbers are according to the canonical transcript (NM_021723.5). Amino acid changes are according to the reference sequence 
NP_004260.2. (C) Mediator complex (PDB:6W1S) coloured by module, with binding regions marked by dotted ellipses. The MED27 protein is coloured 
in green and is part of the lower tail module. (D) MED27 with residues that present a pathogenic variant are highlighted. Residues that are hidden 
are in parentheses. Those in grey are gnomAD variants of interest (for interactive view: https://michelanglo.sgc.ox.ac.UK/r/med27).
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affected individuals were confirmed to have predominantly lower 
limb spasticity. Less frequent, but present in around one-third of 
cases, were limb contractures (20/52, 38%), dyskinetic movements 
(11/41, 27%) and strabismus (8/43, 19%).

Seizures manifested from the first hours of life up to the age of 
10 years, but most were of infantile or early childhood onset. 
Seizure types varied from infantile spasms, absences and myo
clonic seizures to focal motor, tonic and generalized tonic-clonic 
seizures (Supplementary Table 2). Some cases had seizures with 
different semiology. Seizure frequency and responses to antiepi
leptic medications were also variable, ranging from multiple dai
ly episodes to once every 3 months, along with a good response to 
either phenobarbital, levetiracetam or valproate or a combin
ation thereof. Some cases had medically intractable seizures 
despite polytherapy. Twenty patients (36%) presented with a 
combination of epilepsy/epileptic encephalopathy and dys
tonia/dyskinesia.

Most of the subjects developed bilateral cataracts (49/55, 89%), 
which were confirmed to be congenital in 11/19 (58%) cases. Most 
of the affected individuals (40/47, 85%) underwent cataract surgery.

Variable non-specific dysmorphic features, frequently including 
low set ears, triangular face, micrognathia, low anterior hairline 
and short philtrum, were present in 20/52 (38%) patients 
(Supplementary Table 2).

Among the miscellaneous features were urinary/bowel incon
tinence (16/42 38%), respiratory problems (13/47, 28%), hyperactiv
ity and aggression (6/38, 16%), feeding difficulties (16/47, 34%) and 
scoliosis (6/57, 11%). Single individuals developed bilateral hearing 
impairment, upper limb coarse tremor and autism.

Genotype-phenotype correlation

Three phenotype severity levels were distinguished in the cohort 
based on the degree of GDD/ID and the presence of early death, 
microcephaly, regression and epilepsy in combination with the 
presence and severity of cerebellar ataxia and dystonia, and 
ADLs. The phenotype severity was mild-to-moderate in 29/57 
(51%), moderate-to-severe in 10/57 (17%) and severe-to-profound 
in 18/57 (32%) families leading to early death (before reaching adult
hood) in 9/57 (16%) cases. Five MED27 variants in a homozygous or 
compound heterozygous state recurred in 24 families (Table 1, 
Supplementary Table 1 and Fig. 2). Homozygous carriers of the 
most recurrent MED27 variant, c.871G>A, p.Gly291Ser (eight fam
ilies from the Middle East), and cases with the c.776C>T, 
p.Pro259Leu variant predominantly had a mild-to-moderate 
phenotype. Whilst two unrelated cases harbouring the MED27 
c.536A>C, p.His179Pro variant presented a severe-to-profound 
phenotype, eight affected individuals from five independent 
Turkish families harbouring the recurrent homozygous MED27 
c.725T>C, p.Val242Ala variant and individuals carrying the MED27 
c.839C>T, p.Pro280Leu variant demonstrated moderate-to-severe 
and severe-to-profound phenotypes. There were four patients 
who carried biallelic MED27 variants, one of which was a truncating 
variant. All these patients fell in the category of moderate-to-severe 
phenotype.

Neuroimaging findings and 
clinical-neuroradiological correlation

Neuroimaging studies were available for review in 36/57 (63.1%) sub
jects. Follow-up MRI studies were performed in 12/36 (33.3%) sub
jects, with a total number of 51 MRI scans available for review. The 
mean age at MRI was 7.7 years (range 1 day—37 years). The mean 
follow-up duration was 4.4 years (range 1–15 years). Neuroimaging 
features and clinical-neuroimaging associations are detailed in 
Fig. 4, Table 1, Supplementary Tables 2–5 and Supplementary Figs 
3–6. All subjects had cerebellar atrophy with prevalent vermian in
volvement and variable severity: very mild/mild in 22/36 (61.6%) 
and moderate-severe in 14/36 (38.8%); in 7/36 (19.4%) cases, there 
was additional cerebellar cortex T2 hyperintensity. Pontine hypopla
sia was observed in 17/36 (47.2%) cases. Additional posterior cranial 
fossa features were cerebellar dentate nuclei T2 hyperintensities 
(8/36, 22.2%), hot cross bun sign (3/36, 8.3%) and olivary nuclei degen
eration (3/36, 8.3%). Severe caudate nuclei and putamen volume 
reduction were noted in 15/36 (41.6%) and 17/36 (47.2%) of cases, re
spectively. Symmetric T2 signal alterations of the caudate nuclei and 
putamen were present in 11/36 (30.5%) and 16/36 (44.4%) cases. 
Overall, significant basal ganglia atrophy associated with T2 signal 
alterations was present in 16/36 subjects (44.4%). Mild-to-severe 
white matter volume reduction with ventricular enlargement was 
detected in 27/36 (75%) subjects, with associated T2 signal alterations 
and thin corpus callosum in 19/36 (52.7%) and 13/36 (36.1%) of cases, 

Table 1 Main clinical features of the affected individuals with 
biallelic variants in MED27

Category/clinical feature n (percentage)

Sex 28 males, 29 females
Consanguinity 21/30 (70%)
Mean age at the most 

recent follow-up, years
17 ± 12.4 (range 0.1–45)

Abnormal prenatal and 
perinatal history

6/55 (11%), NA 2

Mortality 9/57 (16%)
Failure-to-thrive 11/47 (24%), NA 10
Microcephaly 24/39 (62%), NA 18
Cognitive impairment/ID 54/55 (98%), NA 2
Severity of ID 38% mild; 30% moderate-to-severe; 

21% severe-to-profound; 10% NA
Hypotonia in infancy 32/43 (74%), NA 14
Motor delay 48/53 (91%), NA 4
No acquisition of 

independent gait
23/52 (44%), NA 5

Speech delay/non-verbal 53/53 (100%), NA 4
Able to perform ADLs 17/49 (35%), NA 8
Regression 19/52 (37%), NA 5
Progressive course 20/47 (43%), NA 10
Dysmorphic features 20/52 (38%), NA 5
Bilateral cataracts 49/55 (89%), NA 2
Seizures 27/54 (50%), NA 3
Mean age of seizure 

onset, years
6.2 ± 2.3 (range 0.1–10)

Dysarthria 19/29 (66%), NA 28
Hypotonia at follow-up 28/51 (55%), NA 9
Spasticity 26/51 (51%), NA 6
Cerebellar ataxia 20/62 (63%), NA2 5
Dystonia/dyskinesia 30/49 (61%), NA 8
Joint contractures 20/52 (38%), NA 5
Cerebellar atrophy 36/36 (100%); NA 21; mild 22/36 (61%); 

moderate-to-severe 14/36 (39%)
Pontine hypoplasia 17/36 (47%)
Basal ganglia 

abnormalities
32/36 (89%)

ADL = activities of daily living; ID = intellectual disability; NA = not available or not 

applicable/unable to assess.
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Figure 3 Clinical features of MED27-related disease. (A) The most frequent clinical features. (B) Representative photographs. Top: Patient F3:P1 with 
generalized dystonia. Bottom from left to right: Patient F3:P2 with flexed and raised arms in elbows with shoulder extension, a suggestion of tongue pro
trusion; F5:P1 with flexed upper limbs in elbows and wrists and tongue protrusion; F10:P1 with tongue protrusion and cataract, visible in his right eye; 
F25:P1 with flexion contractures, generalized muscle wasting and a suggestion of jaw-opening dystonia; Patient F24:P4 with generalized dystonia in
volving the limbs and trunk.
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respectively. Mild-to-moderate enlargement of the cerebral CSF 
spaces was noted in 25/36 patients (69.4%). Mild simplification of 
the gyral pattern was detected in 13/36 (36.1%) subjects. Olfactory 
bulb-T2 signal alterations were visible in 5/36 (13.8%) subjects. 
Periventricular nodular heterotopias were noted in 2/36 (5.5%) cases, 
while Leigh-like signal alterations with restricted diffusion in 
the brainstem were present in two other subjects (5.5%) 
(Supplementary Fig. 5). Supplementary Table 4 reports in detail the 
evolution of neuroimaging features in the 12 subjects with follow-up 
MRI studies. In summary, all cases (100%) exhibited a progression of 
cerebellar atrophy, while 9/12 cases (75%) showed progressive white 
matter volume loss and/or basal ganglia atrophy. The progression 
apparent according to serial MRI studies is consistent with 
neurodegeneration.

A severe-to-profound clinical phenotype was associated with pres
ence of moderate-severe cerebellar atrophy (P < 0.001), white matter 
volume reduction (P = 0.002) and thin corpus callosum (P = 0.011). 
Subjects who never achieved independent walking more frequently 
showed moderate-to-severe cerebellar atrophy (P = 0.001), cerebellar 

cortex T2 hyperintensities (P = 0.004), cerebellar dentate nuclei signal 
alterations (P = 0.028), white matter volume loss (P = 0.009), white mat
ter signal alterations (P = 0.024), thin corpus callosum (P = 0.007) and 
enlarged CSF spaces (P = 0.045). Dystonia/dyskinesia imaging was 
associated with white matter volume loss (P = 0.016) and enlarged 
CSF spaces (P = 0.049). No significant associations were found between 
ataxia and neuroimaging features.

Finally, we found that subjects with basal ganglia atrophy and 
signal alterations had an older age at last MRI than subjects with
out basal ganglia abnormalities (median age 9 years versus 4 
years, P = 0.033).

Discussion
This case series delineates the phenotype of MED27-related disease 
by characterizing the clinical-radiological features of 57 affected indi
viduals from 30 unrelated families with biallelic MED27 variants. The 
current cohort exhibited an early-infantile/early childhood-onset 
concomitant neurodevelopmental and neurodegenerative disorder 

Figure 4 Neuroradiological features of MED27-related disease. Brain MRI images showing the spectrum of basal ganglia anomalies (A–E) and cerebellar 
atrophy (F–J), with a normal subject for comparison (A and F), and of other less frequent neuroimaging findings in the study cohort (K–O). (A–E) Axial 
T2-weighted images reveal mild volume reduction of the caudate nuclei in Patient F19:P1 (thin arrows, B); moderate atrophy of both the caudate and 
putamen nuclei associated with bilateral hyperintensity of the posterior putamen in Patient F24:P7 (arrowheads, C); bilateral moderate atrophy with 
subtle hyperintensity of the putamen and caudate nuclei in Patient F12:P2 (dashed arrows, D); and severe atrophy with marked hyperintensity of the 
same nuclei in F3.P1 (thick arrows, E). In addition, Patient F3:P1 shows severe white matter volume loss, with enlargement of the lateral ventricle (as
terisks, E) and enlargement of the cerebral subarachnoid spaces. (G and H) Sagittal and coronal T2-weighted images demonstrate mild cerebellar at
rophy in Patient F24:P2, with prevalent superior vermian involvement (thin arrow, G) and less severe subarachnoid spaces enlargement of the 
lateral portions of the cerebellar hemispheres (thick arrows, H). The corpus callosum is slightly thin (open arrow, G). (I and J) Sagittal T1-weighted 
and coronal T2-weighted images show severe cerebellar atrophy in Patient F20:P2, with prevalent superior vermian involvement (thin arrow, I), marked 
T2-hyperintensity of the cerebellar cortex (thick arrows, J), pontine hypoplasia (arrowhead, J) and faint T2-hyperintensity of the dentate nuclei (dashed 
arrows, J). There is moderate periventricular white matter volume loss and T2-hyperintensity (arrowheads, J) with a thin corpus callosum (open arrow, 
I). (K) Axial T2-weighted image demonstrates volume reduction and faint hyperintensity of the inferior olivary nuclei in Patient F3:P1 (thin arrows). (L) 
Axial T2-weighted image shows hyperintensity forming a cross in the pons (hot cross bun sign) due to selective degeneration of the transverse ponto
cerebellar tracts and median pontine raphe nuclei in Patient F20:P2 (thick arrow). Note the presence of bilateral intraocular lens implants (pseudopha
kia) as a result of the surgical treatment for cataract (arrowheads). (M) Axial diffusion-weighted image reveals bilateral small focal hyperintensities 
consistent with restricted diffusion at the level of the central midbrain and subthalamic nuclei in Patient F9:P2 (arrowheads). (N) Axial T2-weighted 
image demonstrates microcephaly with marked simplification of the cortical gyral pattern in Patient F20:P (open arrows). The caudate and putamen 
nuclei are very small with bilateral focal hyperintensity of the posterior portions of the putamina (arrowheads). (O) Coronal fluid-attenuated inversion 
recovery image depicts bilateral atrophy and hyperintensity of the olfactory bulbs in Patient F9:P1 (thin arrows).
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with a complex neurological phenotype. Mild to profound GDD asso
ciated with bilateral cataracts and progressive movement abnormal
ities, mostly including cerebellar ataxia, dystonia and spasticity, with 
underlying cerebellar atrophy, variable pontine involvement and ba
sal ganglia abnormalities on neuroimaging are the core phenotypes 
of MED27-related disease. The spectrum of severity of the rare dis
ease trait phenotype was broad ranging from profound and progres
sive cognitive and/or motor disability resulting in early mortality to 
borderline ID with impaired expressive language, mild-to-moderate 
motor impairment and survival into adulthood. A significant interfa
milial phenotypic heterogeneity, as well as some intrafamilial vari
ability, was observed in the cohort, consistent with the ‘Clan 
Genomics’ hypothesis.26 Whilst some cases were non-ambulatory 
and non-verbal with severe-to-profound GDD/ID and generalized 
dystonia, other cases were able to perform ADLs with no dystonia 
and only mild gait imbalance, speech impairment and borderline 
ID. A clear genotype-phenotype correlation in the present cohort 
was observed (Supplementary Fig. 2).

The near absence of destabilizing MED27 variants in the healthy 
population as reported in gnomAD indicates that destabilizing var
iants are not tolerated. Conversely, the variants in the cohort are 
mostly destabilizing and in the C-terminal domain, suggesting 
the mechanism for pathogenicity is partial loss-of-function (LoF). 
The absence of homozygous or compound heterozygous frame
shift, nonsense and splicing MED27 variants in all the inspected 
variant databases or in this cohort suggests these may be embryo
nically lethal, which is consistent with the animal model study and 
the hypothesis that transcription is not possible without a com
plete MED27 subunit. Interestingly, this absence of biallelic LoF var
iants was also observed in other subunits of the Mediator complex, 
suggesting that total loss of the complex is not viable. Further 
discussion points are provided in the Supplementary material. 
Differential diagnoses of MED27-related disease with other 
MEDopathies are provided in Supplementary Table 6.

The present cohort showed a recurring pattern of both brain and 
ocular involvement. Genetic syndromes involving both brain and 
eye abnormalities are numerous, and when the combination of 
cerebellar ataxia, dystonia and spasticity with bilateral cataracts 
is involved, the list of differential diagnoses narrows substantially. 
These mainly include but are not limited to Marinesco-Sjögren syn
drome (MIM: 248800), autosomal recessive spastic paraplegia 46 
(MIM:614409), Warburg micro syndrome (1 and 4) (MIM:600118, 
MIM: 614225, MIM: 614222, MIM: 615663) and cerebro-oculo-facio- 
skeletal syndrome (MIM: 214150). Suggested differential diagnoses 
for MED27-related disease are given in Supplementary Table 7. 
Whilst MED27-related disease has many overlapping clinical fea
tures with other oculocerebral syndromes, the most distinguishing 
feature of MED27 defects is the prominence of dystonia. Various 
disease mechanisms could lead to cerebello-lental degeneration 
(Supplementary Table 7).

This study delineates the neuroradiological features of 
MED27-related disease. In particular, all subjects presented with 
cerebellar atrophy, which was further characterized by dentate nu
clei and cerebellar cortex signal alterations in 22.2% and 19.4% of 
cases, respectively. In almost half of the cases, the pons was hypo
plastic, with additional olivary nuclei degeneration and selective de
generation of transverse pontocerebellar tracts and median pontine 
raphe nuclei in 8.3% of subjects. These findings, together with the evi
dence of clear cerebellar atrophy progression on imaging in 12 sub
jects, favour the hypothesis of a prevalent neurodegenerative 
process. Thus, the cerebellar features in MED27-related disease are 
better defined as ‘atrophy’ rather than ‘hypoplasia’, as previously 

suggested.13 Moreover, the presence of pontine hypoplasia in a sig
nificant proportion of subjects with MED27-related disease might in
dicate an early, likely prenatal onset of cerebellar degeneration, as 
described in several ponto-cerebellar hypoplasias.27,28

Interestingly, the vast majority of subjects with MED27-related 
disease presented mild to severe white matter volume loss with 
thinning of the corpus callosum. These non-specific features asso
ciated with variable cerebellar atrophy have been described in other 
MEDopathies, including those related to variants in MED17,3 MED20,4

MED13L,29,30 CDK1912 and MED11.7 Of note, the degree and preva
lence of cerebral atrophy greatly varies in MED-related diseases, ran
ging from the early onset and very severe atrophy described in all 
patients with MED11 variants to milder and slowly progressive 
atrophy affecting about 70% of patients with MED27 variants. 
Conversely, the peculiar combination of cerebellar atrophy and basal 
ganglia degeneration has been reported only in subjects with 
MED20-related disease, thus representing a helpful imaging pattern 
in the differential diagnosis of these conditions. Besides 
MED20-related disease, cerebellar atrophy with basal ganglia atro
phy is a typical neuroimaging finding in hypomyelination with atro
phy of the basal ganglia and cerebellum (H-ABC), Wilson’s disease 
(MIM:277900) and Huntington’s disease (MIM:143100).

Of note, in a subset of patients, we found malformations of 
cortical development, including diffuse cortical gyration simpli
fication and periventricular nodular heterotopias. Interestingly, 
brain malformations have been reported in patients with other 
MEDopathies. In particular, corpus callosum agenesis, polymicro
gyria and focal cortical dysplasias are described in MED12L,8

MED13L,29,30 MED256,31 and CDK8-related disorders.11 This evidence 
raises the hypothesis of possible disruption of neurodevelopmental 
mechanisms often associated with neurodegenerative processes in 
several MEDopathies. MED27 may have a role in both embryonic 
neuronal development and maintenance, later prenatally and in 
life. This could be the reason for the coexistence of neurodevelop
mental abnormalities and neurodegeneration in the present cohort. 
Indeed, accumulating evidence suggests that proteins implicated in 
neurodegeneration play major roles in brain development.32,33

Regarding clinical-radiological correlations, we noticed that a 
moderate-to-profound clinical phenotype was associated with 
moderate-severe cerebellar atrophy and thin corpus callosum, 
thus supporting the hypothesis of a progressive neurodegenerative 
disorder. In particular, subjects who could not walk, compared with 
subjects presenting with ataxia, more frequently presented a se
vere neuroimaging pattern characterized by moderate-severe cere
bellar atrophy, cerebellar cortex signal abnormalities, cerebellar 
dentate nuclei signal alterations, white matter volume loss and sig
nal alterations, thin corpus callosum and brain atrophy. 
Interestingly, we did not find significant associations between dys
tonia/dyskinesia and basal ganglia anomalies. The fact that sub
jects with basal ganglia atrophy and signal alterations had an 
older age at last MRI than subjects without basal ganglia abnormal
ities might in part explain these discrepancies. Indeed, many pa
tients in this study were scanned earlier in the disease course, 
while the last clinical assessment was frequently performed sev
eral years later. Longer follow-up MRI studies in subjects with 
MED27-related disease are needed to understand the association 
of basal ganglia degeneration and dystonia/dyskinesia.

MED27-related disease is an ultra-rare, complex neurodevelop
mental syndrome variably associated with epilepsy-movement 
phenotype, in which one-third of patients present with develop
mental and epileptic-dyskinetic encephalopathy. Because of recent 
advances in high-throughput sequencing technologies, an ever- 
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increasing number of NDDs manifesting with both epilepsy and 
progressive atypical movements are now recognized. It is proposed 
that this emerging ’progressive epilepsy-dyskinesia syndrome’ 
spectrum is attributed to the genes encoding proteins with a di
verse set of neuronal functions,34 which could underscore the ubi
quitous and/or essential role of MED27 and Mediator complex 
throughout the CNS.

In conclusion, this case series provides a comprehensive clinical 
and radiological description of MED27-related disease, establishes 
genotype-phenotype and clinical-radiologic correlations and sug
gests differential diagnoses with other cerebello-lental degeneration 
syndromes and ‘neuro-MEDopathies’. Given the evidence of the pro
gression of cerebellar features on neuroimaging, our series suggests 
an underlying neurodegenerative process that prompts us to define 
cerebellar involvement as ‘atrophy’ rather than ‘hypoplasia’ in 
MED27-related NDDs. Finally, the report proposes the term 
‘MEDopathies’ for all the monogenic disorders resulting from defects 
in different subunits of the MED complex because of their common
alities in aetiology, pathology and clinical presentation. Further 
research is needed to improve our understanding of the pathobiol
ogy of MED27-related disease.
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