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Identification of novel MLC1 mutations in Chinese
patients with megalencephalic leukoencephalopathy
with subcortical cysts (MLC)

Jingmin Wang1,5, Jing Shang1,2,5, Ye Wu1, Qiang Gu1, Hui Xiong1, Changhong Ding3, Liwen Wang4,
Zhijie Gao4, Xiru Wu1 and Yuwu Jiang1

Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is an autosomal, recessively inherited disease caused by

mutations in the MLC1 gene. Most of the previously published studies have been carried out in ethnic populations other than

the Chinese. In this study, the analysis of clinical features and MLC1 mutation screening were performed in 13 Chinese patients

for the first time. A total of 10 MLC1 mutations were identified in these patients, including five novel missense mutations

(c.65G4A, p.R22Q; c.95C4T, p.A32V; c.218G4A, p.G73E; c.823G4A, p.A275T; c.832T4C, p.Y278H), one novel

splicing mutation (c.772-1G4C in IVS9-1), one novel small deletion (c.907_930del, p.V303_L310del), one known nonsense

mutation (c.593delCTCA, p.Y198X) and two known missense mutations (c.206C4T, p.S69L; c.353C4T, p.T118M). Mutation

c.772-1G4C in IVS9-1, accounting for 27.3% (3/11) of the total number of genetically confirmed patients found in this study,

is thus a putative hot-spot mutation in the present study group. The existence of a unique MLC1 mutation spectrum in Chinese

MLC patients was shown. A systemic study to assess the mutation spectra in different populations should be undertaken.
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INTRODUCTION

Megalencephalic leukoencephalopathy with subcortical cysts (MLC,
OMIM 604004) is a rare vacuolating myelinopathy characterized by
early-onset macrocephaly presenting at birth or during the first year of
life, often accompanied by the occurrence of motor dysfunction
provoking severe walking disability, onset of seizure and usually late
onset of mild mental deterioration.1 Severity ranges from independent
walking for only a few years to independent walking into the fifth
decade. Some patients die in their teens or 20s, whereas others stay
alive into their 40s. The features seen in cranial magnetic resonance
imaging (MRI) are unique and very helpful in the clinical diagnosis of
MLC.1,2 MRI typically shows diffuse white-matter abnormalities with
subcortical cysts in the tips of the temporal lobes and in frontoparietal
subcortical areas.
MLC, inherited in an autosomally recessive manner, is a hetero-

geneous genetic condition resulting from gene defects in MLC1, first
identified in 2001.3 The MLC1 (GenBank NM_015166) maps to
chromosome band 22q13.3; it covers B20 kb of genomic DNA and
includes 12 exons.3 To date, about 68 MLC-relevant mutations of
MLC1 have been identified in patients of various ethnic backgrounds
(human gene mutation database). However, families unlinked to the

MLC1 locus have been reported,3 and the existence of at least one
other locus has been hypothesized.4,5 Chinese patients with genetic
confirmative diagnosis of MLC have never been reported before. In
this study, we analyzed 13 Chinese patients and identified 10 muta-
tions, including seven novel mutations in MLC1.

MATERIALS AND METHODS

Diagnostic criteria of MLC
Clinical diagnosis was mainly based on the criteria proposed by van der Knaap

et al. (http://www.genetests.org), including the following: (1) Macrocephaly is

present at birth or, more commonly, develops within the first year of life in all

individuals. (2) Early development is normal or mildly delayed. (3) The clinical

presentation is slow deterioration of motor functions, with cerebellar ataxia and

mild spasticity usually starting in early childhood or later. Mental decline

occurs later and is much milder than motor decline. Most individuals

have epileptic seizures that are usually easily controlled with medication.

(4) Neurological signs mainly consist of cerebellar ataxia and subsequent

pyramidal dysfunction. (5) Criteria for being eligible for cranial MRI include

the following: (i) The cerebral hemispheric white matter is diffuse, abnormal

and mildly swollen, and the white-matter swelling decreases and cerebral

atrophy ensues over time. (ii) Subcortical cysts are almost invariably present

in the anterior-temporal region and often in the frontoparietal area; the
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subcortical cysts may increase in size and number. (iii) Central white-matter

structure including the corpus callosum, internal capsule and brain stem are

better preserved. Overall 13 patients who met the criteria were included.

Clinical investigation
All patients underwent extensive clinical investigation, including: (1) physical

examination; (2) blood tests for serum levels of electrolytes, ammonia, lactate

and pyruvate, and the assessment of liver and renal functions; (3) assessment of

the enzymatic activities of arylsulfatase A and galactocerebroside b-galacto-
sidase in peripheral white blood cells; (4) urinary screening for disorders of

amino acid, organic acid and fatty acid metabolism; and (5) cranial MRI.

DNA preparation and mutation screening
Informed consent was obtained from all families. Genomic DNA was extracted

from peripheral leukocytes. Mutation screening for MLC1 was carried out in

each patient. In total, 12 exons of MLC1, including flanking introns, were

amplified. The sequences of the primers and the conditions for PCR are

available on request. DNA sequencing was carried out using the ABI PRISM

BigDye Terminator cycle Ready Reaction sequencing kit (Applied Biosystems,

Carlsbad, CA, USA) on an applied Biosystems 3100 automatic DNA sequencer.

For novel mutations found in the patients, the corresponding amplicons were

amplified from 170 control samples, followed by sequencing and restriction

endonuclease digestions.

RESULTS

Clinical features of Chinese MLC patients
The study group consisted of unrelated patients, except for two pairs
of siblings (patients 6 and 7 and patients 10 and 11), with eight boys
and five girls from 11 core families. Their ages ranged from 1 year and
10 months to 13 years. The initial presentation of all individuals was
macrocephaly, which began to appear between birth and 1 year of age.
Independent sitting and walking were achieved in all but three cases,
delayed frommildly to moderately. The exceptions were patients 4 and
8, who could not walk even at 2 years and 9 months and 4 years of age,
respectively, and patient 13, who was only 1-year old. Their cognitive
functions were relatively better preserved except for patients 3 and 5,
with mild and moderate mental retardation, respectively. Among the
13 patients, two patients had occasional seizures during the course,
patient 4 had only one febrile seizure, patient 5 had four afebrile
seizures and one patient had recurrent seizures. Physical examination
mainly showed large head circumference, low muscle tone and
symmetric pyramidal tract signs. All individuals were children of
non-consanguineous parents. Family history was negative in all
but the sibling pairs: patients 6 and 7 and patients 10 and 11. The
cranial MRI showed diffuse long T1 and T2 abnormal signal
changes in cerebral white matter, with water-like subcortical cysts
in anterior-temporal regions in all cases (Figure 1). All other clinical

Figure 1 Cranial magnetic resonance imaging (MRI) findings in patient 1. (a) Shows diffuse and abnormal swollen white-matter signals in T2-weighted

images. (b, c) Demonstrate subcortical cysts in the anterior-temporal area (arrows) in T1-weighted images.
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infestations were unrevealing. The major clinical features of these
patients are summarized in Table 1.

MLC1 mutation screening analysis
MLC1 mutations were identified in 11 of the 13 patients (84.6%),
consisting of five novel missense mutations (c.65G4A, p.R22Q;
c.95C4T, p.A32V; c.218G4A, p.G73E; c.823G4A, p.A275T;
c.832T4C, p.Y278H), one novel splicing mutation (c.772-1G4C in
IVS9-1), one novel small deletion (c.907_930del, p.V303_L310del),
one known nonsense mutation (c.593delCTCA, p.Y198X) and two
known missense mutations (c.206C4T, p.S69L; c.353C4T,
p.T118M). The seven novel mutations were not detected in 170
normal control samples. Mutation c.772-1G4C in IVS9-1 accounted
for 27.2% (3/11) of the total number of genetically confirmed patients
and 21.1% (4/19) of total number of mutations found in this study.
Patients were compound heterozygous or homozygous, with the
mutations inherited from their parents. In three patients, mutations
were identified only in one allele and a reported single-nucleotide
polymorphism c.*48A4T in the 3¢-untranslated region (patients 4
and 9) and a reported single-nucleotide polymorphism c.512G4T
(p.C171P) (patient 5) in another allele. For sibling patients 6 and 7,
two heterozygous mutations were revealed. One homozygous
mutation was found in sibling patients 10 and 11. Two reported
single-nucleotide polymorphisms were found in patients 12 and 13.
All the MLC1 mutations found in this study are shown in Table 2.

DISCUSSION

MLC is an autosomal, recessive neurological disorder in children
characterized clinically by early-onset macrocephaly, often in combi-
nation with mildly delayed gross motor development and seizures,
gradual onset of ataxia, spasticity and some additional pyramidal
findings, usually with a late onset of mild mental deterioration.
Seizures usually occur from an early age but can be well controlled
by treatment with antiepileptic drugs. MRI shows a swollen brain with
diffusely abnormal cerebral white matter and subcortical cysts in the
anterior-temporal and frontoparietal regions. All 13 Chinese patients
who met the criteria proposed by van der Knaap et al.1,6 had the
typical clinical features.
All 13 Chinese patients in the present study had early-onset macro-

encephaly, with onset before 1 year of age. Most of them presented

mildly to moderately delayed motor development. In all, 2 out of the
13 patients revealed mental retardation. Seizures occurred in patients
4, 5 and 12. Patients 4 and 5 did not receive anticonvulsant drug
therapy, and seizures were well controlled in patient 12 by drug
therapy. Diffuse abnormal cerebral white matter and subcortical
cysts in the cranial MRI, the hallmark of MLC, were seen in all our
patients. Thus, all 13 patients in this study met the criteria proposed
by van der Knaap et al. according to their clinical features and
MRI findings.
Mutations inMLC1 were identified in 11 of the 13 patients (84.6%)

with MLC, whereas only two single-nucleotide polymorphisms were
found in the two remaining MLC patients. This result is similar with
the reported incidence of approximately 80% of mutations in MLC1
found by van der Knaap.7 Further studies in large cohorts are still
needed to provide insight into the frequency of positive mutations.
To date, about 68 MLC-relevant mutations of MLC1 have been

identified in patients from various ethnic backgrounds (human gene
mutation database), but no findings from a Chinese population have
been reported previously. In this study, 10 MLC1 mutations were
found, including five novel missense mutations (c.65G4A, p.R22Q;
c.95C4T, p.A32V; c.218G4A, p.G73E; c.823G4A, p.A275T;
c.832T4C, p.Y278H), one novel splicing mutation (c.772-1G4C in
IVS9-1), one novel small deletion (c.907_930del, p.V303_L310del),
one known nonsense mutation (c.593delCTCA, p.Y198X) and two
known missense mutations (c.206C4T, p.S69L; c.353C4T,
p.T118M). Seven novel mutations were not detected in 170 normal
control samples. All mutations occurred in transmembrane domains
1–7 of the eight domains in the MLC protein.8,9 These caused changes
in the chemical properties of the residues, that is, from basic (R) to
amide (Q) for mutation p.R22Q and from hydrophobic (G and A) to
acidic (E) and polar (T) for mutations p.G73E and p.A275T, respec-
tively. This may result in an alteration of the protein’s secondary
structure, which may affect protein function. The splicing mutation
c.772-1G4C in IVS9-1 changes the splice-acceptor AG sequence of
intron 9 to AC. This mutation most likely leads to skipping of exon 9,
which will result in a deletion of 19 amino acids from the protein.
One known heterozygous nonsense mutation, c.593delCTCA

(p.Y198X) in exon 7, results in the translation of only 198 out of
the total 377 amino acids. This may affect the function of the MLC1
protein. Mutation p.Y198X was first reported in two Croatian sibling

Table 1 Summary of major clinical findings in 13 MLC patients

Pt Sex Age MC onset HC (age) a IS IW MR Seizure MRI

1 M 10 y 8 mo 8 mo 57 cm (7 y) 7 mo 1 y — No +

2 F 4 y 4 mo 54 cm (10 mo) 8 mo 1 y 6 mo — No +

3 F 3 y 3 mo 7 mo 55 cm (1 y) 7 mo 2 y Mild No +

4 F 2 y 9 mo Birth 54 cm (1 y) 12 mo — — 1 +

5 M 4 y 2 mo Birth 57.5cm (3 y 7 mo) 8 mo 1 y 5 mo Moderate 4 +

6 M 2 y 5 mo 53 cm (8 mo) 11 mo 1 y 2 mo — No +

7 F 9 y 5 mo 57 cm (9 y) 6 mo 1 y 6 mo — No +

8 M 4 y Birth 57 cm (2 y 6 mo) 11 mo — — No +

9 M 7 y 8 mo 5 mo 54.5cm (5 y) 6 mo 1 y 6 mo — No +

10 F 13 y 1 y 57 cm (11 y 6 mo) 6 mo 1 y — No +

11 M 10 y 1 y 61 cm (8 y) 6 mo 1 y — No +

12 M 2 y Birth 57 cm (2 y 6 mo) 7 mo 1 y 3 mo — Many +

13 M 1 y 5 mo 54.5cm (5 y) 7 mo — — — +

Abbreviations: F, female; HC, head circumference; IS, independent sitting; IW, independent walking; M, male; MC, macrocephaly; mo, month; MLC, megalencephalic leukoencephalopathy; MR,
mental retardation; MRI, magnetic resonance imaging; y, year.
aDetermined age.
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patients by Leegwater et al.,8 who reported that the 4-bp deletion led
directly to a stop codon at the exon 7/exon 8 junction and did not
affect the efficiency of the exon 7/intron 7 splicing donor predicted by
the program SPLICEVIEW. Another known missense mutation,
p.S93L, has been reported fairly frequently in Japanese individuals.10

Altogether, the 10 novel and reportedMLC1mutations found in the
present study seemed to be functionally important because they may
affect amino acids conserved among rat, mouse and human proteins,
and amino-acid positions of the 10 mutations were distributed over a
wide range from the N-to the C-terminus of the MLC1 protein.
Further study is needed to provide insight into the effects of these
mutations on the function of MLC1.
In contrast with reports on MLC patients of other ethnic origins,

c.135_136insC (p.C46LfsX34) was a common mutation found in the
East-Indian population,10–12 p.G59E was relatively frequent among
Libyan Jews and mutation S93L appears in Japanese individuals.10 In
this study of Chinese patients, a spectrum of MLC1 mutations
different from that in earlier reports was found. The above commonly
reported mutations were not identified in any of our patients, except
for p.S93L, which was found in one allele in one patient. However, the
splicing mutation c.772-1G4C was shared by three of our patients,
accounting for 27.2% (3/11) of the total number of genetically
confirmed patients and 21.1% (4/19) of the total number of mutations
found in this study. This may be a hot-spot mutation in Chinese MLC
patients, but this speculation must be verified by detection in more
Chinese MLC patients screened for mutations in MLC1.
Therefore, from our preliminary data, it may be inferred

that Chinese MLC patients may have a unique spectrum of MLC1

mutations, different from that of other ethnic populations; this
knowledge will be helpful to set up a mutation screening strategy
for MLC in China.
The genetic confirmation of MLC in Chinese patients is reported

here for the first time, with seven novel mutations in identifiedMLC1.
A unique MLC1 mutation spectrum was found in Chinese patients.
To assess the incidence of MLC and the mutation spectra in different
populations, a systemic study must be carried out. Further functional
studies of the MLC1 mutations found in this study are under way in
our group to delineate the correlation betweenMLC1 gene defects and
the pathogenesis of MLC.
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