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Objectives. Recently, biallelic variants in MED27 have been identified to correlate with complex dystonia. However, no replicative
study has been conducted in larger dystonia cohorts. In this study, we aimed to systematically evaluate the genetic associations of
MED27 with dystonia in a large dystonia cohort.Materials and Methods. We analyzed rare variants (minor allele frequency < 0:01)
ofMED27 in a large Chinese dystonia cohort with whole exome sequencing. The overrepresentation of rare variants in patients was
examined with Fisher’s exact test at allele and gene levels. Results. A total of 688 patients with dystonia were included in the study,
including 483 isolated dystonia, 133 combined dystonia, and 72 complex dystonia. The average age at onset (SD) was 34.3 (19.1)
years old. After applying filtering criteria, five rare variants, namely, p.R247H, p.P174A, p.P123A, p.L120F, and p.F56C, were
identified in six individuals. All of them carried the variant in the heterozygous form, and no patients with compound
heterozygous or homozygous alleles were identified. At allele level, no variant was associated with risk of dystonia. Gene-based
burden analysis did not detect enrichment of rare variants of MED27 in dystonia either. Conclusion. Variants of MED27 were
rare in Chinese dystonia patients, probably because that mutations in MED27 are more associated with more complex
neurodevelopmental disorders that can also include dystonia among the various neurological features. Further studies are
needed to confirm the role of MED27 in dystonia and other neurological disorders.

1. Introduction

Dystonia is a rare movement disorder characterized by
abnormal involuntary movements or postures due to sus-
tained or intermittent muscle contractions. It can be the
isolated neurological manifestation (isolated dystonia), com-
bined with other movements disorders such as myoclonus or
Parkinsonism (combined dystonia), or combined with other
neurological or systemic symptoms (complex dystonia) [1].
The aetiology of dystonia is complex and remained largely
unknown. A number of genes have been linked to dystonia
[2] since the first dystonia gene GCH1 has been identified
in 1994 [3]. However, still a large portion of dystonia
patients have no known genetic causes, indicating that more
genes are to be identified.

Recently, Meng et al. reported a novel neurodevelop-
mental syndrome manifested homogeneously as develop-
mental delay, dystonia, and cerebellar hypoplasia caused

by biallelic disease-causing variants in MED27 gene [4].
MED27 encodes MED27, a subunit of the transcriptional
mediator complex [5]. A study found that MED27 plays an
important role in neuronal development, and impairment of
MED27 may have affected the glia location in the transgenic
zebrafish model [6]. Dysregulation of neurodevelopmental
mechanisms has been reported to be a key feature of dystonia
pathophysiology [7–10]. Oligodendrocyte has been reported
to play a role in the development and function of central ner-
vous system motor circuits and the neurodevelopmental dis-
ease dystonia [11]. However, although the initial links have
been built, replications from other cohorts are still necessary
to further elucidate the role of MED27 in dystonia.

In this context, we systematically analyzed the genetic
associations of MED27 in a dystonia cohort of Chinese
ancestry, to elucidate the genetic involvement of MED27 in
dystonia and supplement current knowledge to dystonia-
related genetic diversity.
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2. Materials and Methods

2.1. Editorial Policies and Ethical Consideration. This study
was approved by the Ethics Committee of West China Hos-
pital of Sichuan University (2022-260). All participants have
signed informed consent.

2.2. Participants. A total of 688 patients with dystonia were
recruited from the Department of Neurology of West China
Hospital of Sichuan University. The patients were diagnosed
by neurologists specialized in movement disorders.

2.3. Genotyping. The whole exome sequencing was con-
ducted routinely, and data were processed as described
previously [12]. Briefly, genomic DNA was extracted from
peripheral blood mononuclear cells using standard phenol-
chloroform procedures. Whole exome sequencing was con-
ducted routinely on the Illumina NovaSeq 6000 system
following the manufacturer’s instructions.

2.4. Variant Analysis. The rare variants which met the
following criteria were analyzed: (1) minor allele frequency
(MAF) was lower than 0.01 in the East Asian population
from Genome Aggregation Database (gnomAD) [13] and
Chinese population from ChinaMAP [14], which includes
10,588 random Chinese individuals with deep whole genome
sequence; (2) variants were annotated as missense, splice
donor, splice acceptor, start-lost, stop-gained, or frameshift
substitution by ANNOVAR [15]; (3) the variant was either
heterozygote or homozygote. Allelic association analysis
was performed using standard Fisher’s exact test with default
parameters, and P value was adjusted by Bonferroni correc-
tion. The summary data of the East Asian population from
gnomAD v2.1.1, and Chinese individuals from ChinaMap
were used as controls in our study.

2.5. Gene-Based Burden Analysis. Gene-based rare variant
burden analysis was conducted to evaluate the aggregate
association of rare variants in MED27 with dystonia on an
allelic basis using Fisher’s exact test with default parameters.
We categorized variants into rare variants (MAF < 0:01) and
ultrarare variants (MAF < 0:001). For each category, we
tested the association for all rare variants and rare damaging
variants, which were predicted as damaging or pathogenic
by at least 5 of 10 in silico tools. The summary data of the
East Asian from gnomAD v2.1.1 and Chinese individuals
from ChinaMap were utilized as the control, and the same
filtering criteria as the cases were applied.

3. Results

A total of 688 patients with dystonia were included in the anal-
ysis, including 483 isolated dystonia, 133 combined dystonia,
and 72 complex dystonia. The average age at onset (SD) was
34.3 (19.1) years old among the included 688 patients with
dystonia with a sex ratio of 0.67 (male/female: 277/411).
Among the 72 patients with complex dystonia, 51 patients
had concomitant cerebellar ataxia, 6 patients had concomitant
intellectual disability, 8 patients had concomitant develop-
mental delay, 3 patients had concomitant epilepsy, and 9

patients had concomitant pyramidal signs. We analyzed rare
variants of MED27 in these patients to explore the putative
pathogenicity of MED27 in dystonia.

After applying filtering criteria similar to the original
study, five rare variants, namely, p.R247H., p.P174A,
p.P123A, p.L120F, and p.F56C, were identified in six individ-
uals (Table 1). Among the five variants, p.R247H, p.P174A,
and p.F56C were predicted as pathogenic by at least five in
silico prediction tools (Table 2), and p.R247H and p.L120F
were absent in East Asian population from gnomAD and
ChinaMAP. At variant level, no variants were associated with
risk of dystonia (Table 1). Gene-based burden analysis did
not detect enrichment of rare variants ofMED27 in dystonia
either, though overall the patients carried more rare variants
than the controls (Figure 1). We did not detect the reported
11 variants in the original study, and no patients with com-
pound heterozygous or homozygous alleles were identified.

Among the six MED27 variant carriers, two adolescent
patients (the p.P123A carrier and one of the p.P174A
carrier) who presented with generalized dystonia, Parkin-
sonism, and intellectual decline were detected to carry path-
ogenic variants in ATP1A3 during the additional screening
of the known dystonia genes. None of the known dystonia
genes have been detected in the other four patients. All of
the four patients presented with isolated dystonia (three with
cervical dystonia and one with upper limbs’ dystonia).

The p.R247H and p.L120F variants were absent in the
Asian population, and the p.R247H variant was predicted
as pathogenic by at least five in silico prediction tools. The
patient who carried the p.R247H variant was a 52-year-old
man who developed cervical dystonia at the age of 50. None
of his family members had similar symptoms. His parents
died of other diseases. His son, who was 26 years old when
he came to our clinic, did not have similar symptoms or
signs and did not carry the variant p.R247H. The patient
who carried the p.L120F variant was a 50-year-old woman
who developed cervical dystonia at the age of 49. Her
parents were dead. None of her family members had similar
symptoms.

The patient who carried the p.F56C variant was a 25-
year-old man who developed upper limbs’ dystonia at the
age of 9. He has a positive family history. His father, who
was 58 years old when he came to our clinic, presented with
lower limb’s dystonia. His old brother, a 32-year-old man,
developed cervical dystonia at the age of 5. His father and
old brother also carried the p.F56C variant in MED27. All
of them had poor response to levodopa (Figure 2). No other
dystonia causative gene was detected in the patient and his
family members. The p.F56C variant was predicted as path-
ogenic by at least five in silico prediction tools. Therefore,
the p.F56C variant cosegregated with dystonia in the family
and might be the causative gene of this family.

4. Discussion

Biallelic variants in MED27 have been linked to dystonia
recently. Meng et al. identified 11 pathogenic variants in
MED27 in 16 individuals from 11 families presented
with complex dystonia, including 7 missense variants

2 Acta Neurologica Scandinavica



T
a
bl
e
1:
A
lle
lic

Fi
sh
er
’s
ex
ac
t
te
st
fo
r
id
en
ti
fi
ed

ra
re

va
ri
an
ts
in

M
ED

27
.

G
en
om

ic
po

si
ti
on

rs
ID

A
nn

ot
at
io
n

hg
vs
_c

hg
vs
_p

C
as
e
M
AF

(N
=
68
8)

gn
om

A
D

as
co
nt
ro
l(
N
=
9,9

77
)

C
hi
na
M
A
P
as

co
nt
ro
l(
N
=
10
,58

8)
C
on

tr
ol

M
AF

P
OR

(9
5%

C
I)

C
on

tr
ol

M
AF

P
OR

(9
5%

C
I)

9
:1
34
73
60
13

rs
75
60
95
47
0

M
is
se
ns
e

c.
G
74
0A

p.
R
24
7H

0.
00
07

(1
/1
37
6)

0:
00
E
+
0
(0
/1
78
06
)

0.
07
2

In
f
(0
.3
3-
In
f)

0:
00
E
+
0
(0
/2
11
76
)

0.
06
1

In
f
(0
.3
9-
In
f)

9
:1
34
81
48
21

rs
19
95
22
53
5

M
is
se
ns
e

c.
C
52
0G

p.
P
17
4A

0.
00
15

(2
/1
37
6)

2:
12
E
−
3
(4
2/
19
82
6)

1.
00
0

0.
69

(0
.0
8-
2.
64
)

6:
14
E
−
4
(1
3/
21
17
6)

0.
23
2

2.
37

(0
.2
6-
10
.4
8)

9
:1
34
94
91
11

rs
18
33
98
99
63

M
is
se
ns
e

c.
C
36
7G

p.
P
12
3A

0.
00
07

(1
/1
37
6)

0:
00
E
+
0
(0
/1
99
54
)

0.
06
5

In
f
(0
.3
7-
In
f)

2:
36
E
−
4
(5
/2
11
76
)

0.
31
5

3.
08

(0
.0
7-
27
.5
5)

9
:1
34
94
91
20

rs
53
92
78
50
5

M
is
se
ns
e

c.
C
35
8T

p.
L1

20
F

0.
00
07

(1
/1
37
6)

0:
00
E
+
0
(0
/8
78
2)

0.
13
5

In
f
(0
.1
6-
In
f)

0:
00
E
+
0
(0
/2
11
76
)

0.
06
1

In
f
(0
.3
9-
In
f)

9
:1
34
95
50
65

rs
53
77
61
17
9

M
is
se
ns
e

c.
T
16
7G

p.
F5
6C

0.
00
07

(1
/1
37
6)

5:
44
E
−
5
(1
/1
83
92
)

0.
13
4

13
.3
7
(0
.1
7-
10
40
.1
7)

1:
89
E
−
4
(4
/2
11
76
)

0.
27
0

3.
85

(0
.0
8-
38
.9
3)

G
en
om

ic
po

si
ti
on

w
as

ba
se
d
on

G
R
C
h3

7.
Su
m
m
ar
y
da
ta

of
E
as
t
A
si
an

fr
om

gn
om

A
D

or
m
bi
ob
an
k
w
as

ut
ili
ze
d
as

co
nt
ro
ls
;
va
ri
an
ts

no
t
re
co
rd
ed

in
pu

bl
ic

da
ta
ba
se
s
w
er
e
co
ns
id
er
ed

as
un

de
te
ct
ed

in
al
l

in
di
vi
du

al
s;
M
A
F:

m
in
or

al
le
le
fr
eq
ue
nc
y;
va
ri
an
ts
w
it
h
M
A
F
<0

.0
1
w
er
e
co
ns
id
er
ed

ra
re
;P

an
d
OR

va
lu
es

w
er
e
ob
ta
in
ed

us
in
g
Fi
sh
er
’s
ex
ac
t
te
st
im

pl
em

en
te
d
in

R
3.
6.
2
w
it
h
de
fa
ul
t
pa
ra
m
et
er
s.

3Acta Neurologica Scandinavica



Rare variants (MAF<0.01)

0 2 4
OR (95% CI)

6

Rare damaging variants (MAF<0.01)

Ultra-rare variants (MAF<0.001)

Ultra-rare damaging variants (MAF<0.001)

P = 0.64

P = 1.00

P = 0.15

P = 0.15

P = 0.32

P = 0.66

P = 1.00

P = 0.05

MED27

ChinaMAP as control
GnomAD as control

Figure 1: Enrichment analysis of rare variants in MED27 in patients with dystonia. All rare variants and rare damaging variants with
MAF < 1% and MAF < 1‰ were analyzed separately. P values, OR, and 95% confidence intervals (CI) were calculated using Fisher’s
exact test.

Table 2: In silico pathogenicity predictions for rare variants in MED27 identified in patients with dystonia.

hgvs_c hgvs_p GERP++
Variant-effect predictions software (scores)

SIFT
Polyphen2
HDIV

Polyphen2
HVAR

LRT
Mutation
taster

Mutation
assessor

FATHMM MetaSVM MetaLR CADD

c.G740A p.R247H 5.3
0.023 0.999 0.984 0 1 2.24 n.a. -0.131 0.43 35

D D D D D M n.a. T T D

c.C520G p.P174A 5.33
0.459 0.939 0.556 0 1 1.555 n.a. -0.755 0.228 12.59

T P P D D L n.a. T T D

c.C367G p.P123A -0.251
n.a. n.a. n.a. n.a. 1 n.a. n.a. n.a. n.a. 2.305

n.a. n.a. n.a. n.a. N n.a. n.a. n.a. n.a. T

c.C358T p.L120F -1.69
n.a. n.a. n.a. n.a. 1 n.a. n.a. n.a. n.a. 4.718

n.a. n.a. n.a. n.a. N n.a. n.a. n.a. n.a. T

c.T167G p.F56C 5.07
0.002 0.999 0.987 0 1 1.735 n.a. -0.273 0.371 28.2

D D D D D L n.a. T T D

T: tolerated; D: damaging or disease-causing; P: probably pathogenic; N: neutral; M: medium; L: low; B: benign; n.a.: not available. GERP: genomic
evolutionary rate profiling; SIFT: sorting intolerant from tolerant; PolyPhen2 HDIV: polymorphism phenotyping version 2 human diversity; PolyPhen2
HVAR: polymorphism phenotyping version 2 human variation; LRT: likelihood ratio test; FATHMM: functional analysis through hidden Markov models;
SVM: support vector machine; LR: logistic regression; CADD: combined annotation dependent depletion. Pathogenicity prediction was obtained using
ANNOVAR.

4 Acta Neurologica Scandinavica



(c.188T>G, c.695C>T, c.725T>C, c.776C>T, c.839C>T,
c.871G>A, and c.878C>T), 3 frameshift variants (c.298_
302del, c.392-393del, and c,565-566del), and 1 splice-site
variant (c.682-2A>G) [4]. Meanwhile, homozygous variants
of c.839C>T were also detected in another two individuals
from one family presented with complex neurodevelopmen-
tal disorder with severe dystonia, although they also carried
homozygous variants in SLC6A7 andMPPE1 [16]. However,
no replication study from large cohort has been conducted to
confirm the role ofMED27 in dystonia. In the current study,
after comprehensive screening rare variants in MED27 in a
Chinese dystonia cohort, five rare variants were identified
in six individuals. However, all of them carried the variant
in the heterozygous form, and no patients with compound
heterozygous or homozygous alleles were identified. In
addition, although overall the patients carried more rare var-
iants than the controls, no significant enrichment of MED27
variants was observed in dystonia at gene level.

One of the possible reason for which we did not detect
biallelic variants inMED27 in our cohort is that the dystonia
patients in our cohort had older onset age than the original
study, and most (483/688, 70.2%) of the patients in our
cohort presented with isolated dystonia. Otherwise, the
patients reported by the original study presented mostly
with dystonia associated with intellectual disability, cerebel-
lar hypoplasia, cataracts, and other features of impaired
neurodevelopment. The symptoms of the patients carrying
heterozygous variant in MED27 detected in the current
study were much milder than the individuals carrying bialle-
lic variants of MED27 as the original study reported [4]. A
study found that both homozygous and heterozygous
mutation of MED27 can be lethal at early embryonic stage
in chicken [17]. Therefore, the identified heterozygous
mutations might play a role in causing milder symptoms
compared to biallelic mutations in our patients here due to
a potential haploinsufficiency of MED27. The accordance
of the coseparation in the p.F56C carrier’s family also sup-
ported this speculation.

MED27 encodes a subunit of the transcriptional media-
tor, namely, MED27 [5]. A study reported that loss of func-
tion of MED27 causes disruption of dopaminergic amacrine
cells in zebrafish [6], suggesting an important role ofMED27
in neuronal development. The authors also found that
impaired MED27 function may have affected the glia loca-

tion in the transgenic zebrafish model [6]. Impairment of
neurodevelopmental has been reported to be a key mecha-
nism of dystonia [7–10]. Glial cells, especially the oligoden-
drocyte, have also been found to be important in the
development of dystonia [11]. Most dystonia causative genes
are expressed in both neuronal and glial cells and have an
established role in myelination, such as THAP1 [18], YY1
[19], TUBB4A [20], and SLC2A1 [21]. In addition, micro-
structural white matter changes have been detected in
idiopathic dystonia [22], which also indicated an involve-
ment of glial cells in dystonia.

5. Conclusion

In conclusion, the results of the current study indicated that
variants of MED27 were rare in Chinese dystonia patients,
probably because that mutations inMED27 are more associ-
ated with more complex neurodevelopmental disorders that
can also include dystonia among the various neurological
features. Further studies with larger sample size are still
needed to confirm the role of MED27 in dystonia and other
neurological disorders.
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