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Case Report and Review of Literature
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Introduction: Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a neurologic disorder characterized by
macrocephaly within the first year of life and the delayed onset of motor function deterioration with ataxia and spasticity. Magnetic
resonance imaging of the brain is diagnostic and shows diffusely abnormal, mildly swollen cerebral white matter and subcortical cysts.
MLC exhibits an autosomal recessive mode of inheritance. Two genes have been associated with MLC. The firstand most important gene is
MLC1, The other gene involved is HEPACAM.

Case Presentation: We studied a Mexican patient with a compatible diagnosis of MLC. The patient exhibited the c353C > T, p.Thrii8Met
mutation, and both parents were carriers for the same mutation. To the best of our knowledge, no other cases of MLC have been reported
in Mexican patient. This patient exhibited rapid deterioration of motor function.

Conclusions: A diagnosis of MLC, which can be facilitated by imaging studies, should be considered in all patients who exhibit global
developmental delay.
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1. Introduction

Megalencephalic leukoencephalopathy with subcorti-
cal cysts (MLC) is a neurologic disorder characterized by
macrocephaly within the first year of life and a delayed
onset of motor function deterioration with ataxia and
spasticity and mild cognitive decline (1-3).

MLC exhibits an autosomal recessive mode of inheri-
tance. Two genes have been found to be associated with
MLC, including MLC1, which is present in 80% of cases
(4). There is no knowledge about the incidence of MLC.
MLC is a rare disease with a low carrier frequency, and
inbreeding and consanguinity contribute to its occur-
rence. This could be the reason for the occurrence in our
patient, because both parents come from a small town
of 346 individuals (5).

The progression of the disease is usually very slow, in
contrast to many other leukodystrophies (6). Magnetic
resonance imaging (MRI) of the brain is diagnostic and

shows diffusely abnormal, mildly swollen cerebral white
matter as well as subcortical cysts, especially in the ante-
rior-temporal region (7).

We present a Mexican patient with clinical manifestations
and MRIimages compatible with the diagnosis of MLC. This
diagnosis was corroborated by a molecular exam.

The aim of this study is to emphasize the importance of
MRI as a diagnostic tool in patients with global develop-
mental delay.

2. Case Presentation

We studied a patient who was 5 years 6 months of age
and exhibited global developmental delays. She was a
native and resident of an inbred community of 346 in-
habitants in the municipality of Villa Victoria in Mexico.
Her parents denied consanguinity. A personal history of
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apparent congenital hydrocephalus and mental retarda-
tion was reported in one paternal 14-year-old cousin.

The patient, who was born at 40 weeks of gestation
was the product of a third pregnancy. The mother
presented with a urinary infection with nonspecific
treatment and diminished fetal movements. The pa-
tient presented with Apgar scores of 8/9, height of 51
cm, weight of 3300 gr, and slight jaundice at birth. The
patient exhibited psychomotor retardation, which was
dominant in the language area. In her first evaluation,
at 3 years 9 months of age, the patient had not devel-
oped independent walking or speech with sentences,
used only a few words, and did not have sphincter
control. Her current disease is congenital, but was not
treated until she was 1 year 10 months of age. Upon
physical examination, we observed a height of 100.5
cm (50" percentile), head circumference of 56.5 cm
(> 97th percentile), apparent age equal to chronologic
age, autistic behavior, easily irritable and uncoopera-
tive, assisted walking with an ataxic component and
wide base support, macrocephaly without other dys-
morphias or malformations, limbs with discrete in-
tention tremor, exhaustible bilateral clonus, bilateral
extensor plantar responses, and slight dysmetria. A
second examination one year later revealed further
deterioration. In addition, the patient had less contact
with people, and she was screaming and walking with
the assistance of her mother at all times. An MRI and
electroencephalography (EEG) had been conducted
since the first examination.

A molecular study for genetic analysis was conducted
after a review of the MRI results. The exons and flanking
intronic regions of the gene MLC1 were analyzed by se-
quence analysis at the genomic level in both the patient
and her parents (2).

3. Discussion

The MRI showed widespread cortical atrophy, which is
suggestive of delayed cerebral and cerebellar myelina-
tion. Fluid-filled cavities of varying dimensions without
a noticeable membrane separating them from the rest
of the white matter were observed. Those cavities were
located in the rostral portion of the anterior temporal
lobes (Figures1,2,and 3).

Based on these characteristics, MLC was considered to
be the most likely diagnosis. The EEG showed no abnor-
mal patterns. The molecular study revealed the following
mutation in the patient: c.353C > T, p.Thr118Met. Both par-
ents were carriers of the same mutation.

MRI is mandatory for patients with global developmen-
tal delays. In approximately 50% - 60% of cases, as in the
present case, MRI reveals the cause of the global develop-
mental delay (4). MLC exhibits very specific characteris-
tics on MRI (7-11).

Figure 1. Magnetic Resonance Imaging in the Axial Plane (Sequence T1)

4

Fluid-filled cavities are located in the rostral portion of the temporal
lobes. Other white matter is diffusely affected (areas of decreased signal
inT1).

Figure 2. Magnetic Resonance Imaging in the Axial Plane (Sequence T2)

The cavities exhibit different dimensions without a noticeable membrane
separating them from the rest of the white matter. The remaining white
matter signal intensity is increased on T2.
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Figure 3. Magnetic Resonance Imaging Axial Plane in Sequence T2 Fluid
Attenuated Inversion Recovery (FLAIR)

An intensity-increased signal of white matter is observed around the sub-
cortical cysts (which does not appear to be gliosis). This finding is indica-
tive of delayed myelination.

The feature that distinguishes van der Knaap syndrome
from other leukoencephalopathies associated with either
large or normal-sized heads is the presence of temporal and
frontal white matter cystsin combination with diffusewhite
matterabnormalities on computed tomography(CT)or MR.
The presence of cystic degeneration of the white matter
can be confirmed by fluid-attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging (12).

The differential diagnosis of leukoencephalopathy
with anterior temporal cysts includes congenital cy-
tomegalovirus (CMV) infection, leukoencephalopathy
with subcortical temporal cysts and megalencephaly,
and vanishing white matter disease as well as other dis-
eases such as Alexander disease, Canavan disease, and
L-2-hydroxyglutaric aciduria. The differences with MLC
are based on clinical evolution, neuroimaging, and bio-
chemical findings (13, 14).

Two genes are involved in MLC, and the most frequent
involvement is from the MLC1 gene (9). Neurological
deterioration is usually slow in patients with MLC. In
contrast, our patient exhibited significant deteriora-
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tion over one year. Her communication and social skills
were significantly affected such that she never devel-
oped language, and her attitude was that of a child
with mental retardation and hyperkinesias (8-11). In
general, the literature defines MLC by normal to mildly
decreased cognitive capacity initially, with increases in
deterioration over several years. It has also been report-
ed that communication and social skills remain gener-
ally unaffected. In contrast, our patient had significant
affectation since birth (15).

The MR images from our patient are not consistent
with the clinical evolution in either our patient or oth-
ers from the literature. The cysts in our patient were
small in comparison to findings in other patients, but
the affectation was worse than the majority of other
patients that have been reported (16). There are many
different phenotypes that have been described in the
literature with no apparent presence of a genotype-
phenotype correlation (15, 17).

The most constant clinical findings in patients with
MLC are macrocephaly, loss of motor skills, ataxic gait,
and epilepsy. There are many differences in the clinical
features and evolution between patients of the same
family and others with the same mutation. Other clini-
cal findings, including ataxia, spasticity, extrapyramidal
signs, and mental retardation are inconsistent across
cases, and when they exist, the time of onset is variable
(Table1) (6, 8,18-23). Recently, Masuda and Ueda reported
a patient without the classical features of MLC on MRI.
This finding is important because these features were
considered to be diagnostic of the disease. We should be
suspicious of the disease based on clinical features, and
not dismiss the diagnosis based on negative MRI find-
ings (22). The evolution of the disease also depends on
the mutated gene (24).

The MLC protein is involved in the chloride channel as
well as in other protein complexes. The protein product
is highly exporessed in the brain (mainly in astrocytes).
This multiple involvement of the MLC protein may ex-
plain its relation to edema as well as other functions.
It is also possible that phenotype differences across pa-
tients are due to the presence of other modifier genes
(16, 25, 26).

We can conclude that there are many different pheno-
types associated with MLC. When global developmental
delay is present, it is essential to perform an MRI, as MRI
can provide either a diagnosis or additional clues. There
is much yet to learn about MLC.

Acknowledgements

We want to thank Dr. M. Van der Knaap and her
work team for conducting the molecular study, and
Ms. Diane N. Goslinga Krynen for assistance with the
translation.



Zapata CMC et al.

(uonepiejal
- JUSAI Sk 919A9S ON J0jowoydAsd) yaarg Sk NSILIYLd ‘L <DESED d[euIdyg 1 - Apms nQ
01 UOXd
ur (dsyszzeyd) v N (syuaned
€Iz- 11T DETS D pUB § UOXD asauede|)
(S107) 1€ SDUADS [BII30]  JUISqY ur (n97e6195°d) e (zz)epan
-0INAN Y3 Jo [euInof  [3UIsaId I ON PIIN ON/S3X sIedf z/syjuowr ¢ ON/S9A INDE6ED dewd  sSurqisz  SI07  pue epnsep
(syuaned
uendASy)
8¥1-0¥1 (sarruey € sypuow 1<D 0882 pue 99 (1) re32
:0S ‘P10 [OININ JJBIPSJ  JUISAJ  ‘SUISNOD ISILI) SO IJAS PUEB PIIA (%) sax 8 ‘sypuowt & ‘yaaig SR VDOSUI[[9PSI6-806> [N (SAIIWej€)9 $I0Z pnowyepn
9951 - ¥9SI (yuaned
(€107) S11 A198INSOINAN Apang) (8) e
pue ASo[oInaN [ed1ul)  JuIsaId ON PIIN ON (syoepeay) s1eak 8¢ SIK L<DI+LLD JeN 1 €107 19 uewWedoy
985- 686 dd ‘¢ "ss] ‘€1 JoA (syuaped
‘€102 I2qUIAAON ‘[ PAN uon ueiqery) (o)
AISIDATUN) SOOQED UBYNS  JUISAIJ Sk 313435 ON 103k SOk BINWY<OI+TEPD  WIHI sSurqisz €10z ‘e’ oy
‘L1z ¥1z(€) s1idas-n[ zroz ARG (61) ySurs
[OINSN pedY UBIpUUUY  JU3sSAI] ON PIIN ON 9 punoIe Wayl jo [[V SOk UOP UON WI1/dT € 7107 pue.Jewny|
(sno8Azo1avy (uerseone))
S00Z YDIB ‘€ IquINN punodwod) e«-3| (€2) e N
‘0z aWNIOATj0MAN pID [ YudsaId ON PIIN (¢)sax syjuow 9 pue § S3k +8€5D YV 99€D WIdL  sSulqisz  S00T OIPWOY-PRY
(s)pay
-UapIdUON ‘D DI-0
“ISAI[V™ DL SSAI
‘170088 ‘[SuILSE (02001017 ‘yst
‘Y DECr ‘1 DE9T SN ‘YPoUdIL]
‘17o6¥%7 " [D[ops¥s ‘uerpey) (sr)
LES-PES 9 E00C [OINDN  JUSSAI ON 919495 pue p[IN (s1)sax sypuow g1 - € SOA ‘LOU CSAI‘DISPLLL  6/46 (SI1[IWR) SI) 81 €00T °‘[e 3D ouoned
sisfyed  AHrumSuesuo) (s91nz138) sase)
AydexSonqig -1100qNs [eyudreq uonnjoag Asdandg 19suQ woydwiAsJo a8y  Areydadorepny uonenpy hely jorqunN Jedx Ioyny

2IN3e1)17T ) Ul parioday DTN YIM SIUSIBJ WO BIe( J3YI0 pue SSUIpUL] [EIUI]D "L [qeL

3(2):e2808

’

] Pediatr Rev. 2015



Zapata CMC et al.

References

1.

13.

14.

van der Knaap MS, Barth PG, Stroink H, van Nieuwenhuizen O,
Arts WF, Hoogenraad F, et al. Leukoencephalopathy with swell-
ing and a discrepantly mild clinical course in eight children. Ann
Neurol. 1995;37(3):324-34.

Leegwater PA, Yuan BQ, van der Steen J, Mulders ], Konst AA, Boor
PK, et al. Mutations of MLC1 (KIAA0027), encoding a putative
membrane protein, cause megalencephalic leukoencephalopa-
thy with subcortical cysts. Am ] Hum Genet. 2001;68(4):831-8.
Shevell MI, Ashwal S, Donley D, Flint ], Gingold M, Hirtz D, et al.
Practice parameter: Evaluation of the child with global develop-
mental delay Report of the Quality Standards Subcommittee of
the American Academy of Neurology and The Practice Commit-
tee of the Child Neurology Society. Neurology. 2003;60(3):367-80.
McDonald L, Rennie A, Tolmie ], Galloway P, McWilliam R. In-
vestigation of global developmental delay. Arch Dis Child.
2006;91(8):701-5.

Secretaria de Desarrollo Social. Resumen municipal . 2005. Avail-
able from: http://www.microrregiones.gob.mx/catloc/Locde-
Mun.aspx?tipo=clave&campo=loc&ent=15&mun=114.
Pascual-Castroviejo I, van der Knaap MS, Pronk JC, Garcia-Segura
JM, Gutierrez-Molina M, Pascual-Pascual SI. Vacuolating mega-
lencephalic leukoencephalopathy: 24 year follow-up of two sib-
lings. Neurologia. 2005;20(1):33-40.

Bajaj SK, Misra R, Gupta R, Chandra R, Malik A. Megalencephalic
leukoencephalopathy with sub cortical cysts: An inherited dys-
myelinating disorder. ] Pediatr Neurosci. 2013;8(1):77-80.
Kocaman G, Eryigit G, Abbink TE, Kilicarslan R, Asil T, Alkan A, et
al. An unusually mild presentation of megalencephalic leuko-
encephalopathy with subcortical cysts. Clin Neurol Neurosurg.
2013;115(8):1564-6.

van der Knaap MS, Boor I, Estevez R. Megalencephalic leukoen-
cephalopathy with subcortical cysts: chronic white matter oede-
ma due to a defect in brain ion and water homoeostasis. Lancet
Neurol. 2012;11(11):973-85.

van der Knaap MS, Lai V, Kohler W, Salih MA, Fonseca MJ, Benke
TA, et al. Megalencephalic leukoencephalopathy with cysts with-
out MLC1 defect. Ann Neurol. 2010;67(6):834-7.

Omezzine ], Ameur B, Bousoffara R, Avedi A, Hamza H, Star M.
Megalencephalic leukoencephalopathy with subcortical cysts:
report of 4 new cases. J Radiol. 2008;89(7-8):891-4.

Sener RN. Demonstration of glycine peaks at 3.50 ppm in a
patient with van der Knaap syndrome. AJNR Am | Neuroradiol.
2001;22(8):1587-9.

Fink KR, Thapa MM, Ishak GE, Pruthi S. Neuroimaging of Pediat-
ric Central Nervous System Cytomegalovirus Infection 1. Radio-
graphics. 2010;30(7):1779-96.

Tu YF, Chen CY, Huang CC, Lee CS. Vacuolating megalencephalic
leukoencephalopathy with mild clinical course validated by dif-

] Pediatr Rev. 2015;3(2):e2808

15.

18.

20.

21.

22,

23.

24.

25.

26.

fusion tensor imaging and MR spectroscopy. AJNR Am | Neurora-
diol. 2004;25(6):1041-5.

Singhal BS, Gursahani RD, Udani VP, Biniwale AA. Megalence-
phalic leukodystrophy in an Asian Indian ethnic group. Pediatr
Neurol. 1996;14(4):291-6.

Duarri A, Teijido O, Lopez-Hernandez T, Scheper GC, Barriere H,
Boor |, et al. Molecular pathogenesis of megalencephalic leuko-
encephalopathy with subcortical cysts: mutations in MLCI cause
folding defects. Hum Mol Genet. 2008;17(23):3728-39.

Ilja Boor PK, de Groot K, Mejaski-Bosnjak V, Brenner C, van der
Knaap MS, Scheper GC, et al. Megalencephalic leukoencephalop-
athy with subcortical cysts: an update and extended mutation
analysis of MLC1. Hum Mutat. 2006;27(6):505-12.

Patrono C, Di Giacinto G, Eymard-Pierre E, Santorelli FM, Rodri-
guez D, De Stefano N, et al. Genetic heterogeneity of megalen-
cephalic leukoencephalopathy and subcortical cysts. Neurology.
2003;61(4):534-7.

Kumar MK, Singh BB. Megalencephalic leukoencephalopathy
with subcortical cysts in all three siblings of a non-Aggarwal In-
dian family. Ann Indian Acad Neurol. 2012;15(3):214-7.

Koul R, Al-Thihli K, Al-Azri F, Al-Futaisi A. Megalencephalic leuko-
encephalopathy with subcortical cysts. Sultan Qaboos Univ Med J.
2013;13(4):585-6.

Mahmoud IG, Mahmoud M, Refaat M, Girgis M, Waked N, El
Badawy A, et al. Clinical, neuroimaging, and genetic characteris-
tics of megalencephalic leukoencephalopathy with subcortical
cysts in Egyptian patients. Pediatr Neurol. 2014;50(2):140-8.
Masuda T, Ueda M. Megalencephalic leukoencephalopathy with
subcortical cysts caused by compound heterozygous mutations
in MLC, in patients with and without subcortical cysts in the
brain. J Neurolo Sci . 2015;351(1-2):211-3.

Riel-Romero RM, Smith CD, Pettigrew AL. Megalencephalic leu-
koencephalopathy with subcortical cysts in two siblings owing
to two novel mutations: case reports and review of the literature.
J Child Neurol. 2005;20(3):230-4.

Hamilton EMC, Kariminejad A, Rajaee A, Mejaski-Bo$njak V, Post-
ma NL, Abbink TEM, et al. OP3 - 2232: Phenotype and genotype
in 212 patients with megalencephalic leukoencephalopathy with
subcortical cysts: New insights in the disease spectrum. Eur ] Pae-
diatr Neurol. 2015;19:€S2.

Depienne C, Bugiani M, Dupuits C, Galanaud D, Touitou V, Postma
N, et al. Brain white matter oedema due to CIC-2 chloride chan-
nel deficiency: an observational analytical study. Lancet Neurol.
2013;12(7):659-68.

Petrini S, Minnone G, Coccetti M, Frank C, Aiello C, Cutarelli A, et
al. Monocytes and macrophages as biomarkers for the diagno-
sis of megalencephalic leukoencephalopathy with subcortical
cysts. Mol Cell Neurosci. 2013;56:307-21.



