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Abstract
ISCA2 loss of function leads to leukodystrophy and developmental regression (multiple mitochondrial dysfunctions syndrome 4
(MMDS4)). We present a first Korean case of MMDS4 presenting with rapid developmental regression and leukodystrophy after
febrile episode, mimicking post-infectious encephalitis. The patient had displayed normal development until 12 months of age. At
13 months of age, one month after experiencing a post-vaccination fever, she quickly progressed to being unable to sit unassisted
nor speak any words. Analysis of the cerebrospinal fluid (CSF) revealed lympho-dominant pleocytosis. Amino acid analysis of
both the serum and CSF demonstrated elevated glycine exclusively in the CSF. Diffuse leukodystrophy was noted in the
brain magnetic resonance image. Whole exome sequencing revealed compound heterozygous ISCA2 variants of c.166T>G,
p.C56G and c.422A>C, p.Q141P. No evidence of mitochondrial disease other than bilateral optic atrophy was noted. In
cases of early onset rapid developmental regression with leukodystrophy, MMDS4 should be considered.
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Introduction
Iron sulfur cluster (ISC) is an essential inorganic cofactor. [4Fe-4S]
cluster constitutesmitochondrial respiratory chain complex I and II,1

and is a cofactor of lipoic acid synthase, whose product lipoic acid is
a cofactor of the H subunit of the glycine cleavage system and mito-
chondrial ketoacid dehydrogenase complexes.2 ISC biogenesis
starts in the mitochondria, and maturation is regulated by NFU1,
BOLA3, IBA57, ISCA2, and ISCA1,2–4 whose loss of function var-
iants are known to cause multiple mitochondrial dysfunctions syn-
drome (MMDS). ISCA2 loss of function leads to MMDS4,
characterized by infantile onset developmental regression often
rapidly progressing to vegetative state or death with neuroimaging
findings of diffuse leukodystrophy. Twenty-four cases of
MMDS4, and four homozygous and two compound heterozygous
ISCA2 variants have been reported to date.1–8

Here we present a case of novel compound heterozygous
ISCA2 variant, in a 13 months old girl presenting with acute
developmental regression after a febrile illness, mimicking
post-infectious encephalitis.

Case
A 13 months old girl presented to our hospital with developmental
regression. She was born uneventfully at 40 weeks of gestational
age with a birth weight of 3700 grams. She showed normal devel-
opment until 12 months of age, being able to walk with one hand
held, grasping objects with two fingers, and speaking a couple of
meaningful words. Her family history was unremarkable.

One month prior to her hospital visit, the patient experienced
fever lasting for three days following inactivated Japanese
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Figure 1. A. Temporal changes of brain magnetic resonance image. (A, B, C) Fluid attenuated inversion recovery image. (a, b, c) Diffusion
weighted image. (A, a) At initial presentation of 13 months of age. Bilateral leukodystrophy with diffusion restriction is found, involving corpus
callosum. (B, b) At 16 months of age, after corticosteroid therapy, the extent of leukodystrophy and diffusion restriction improved. Interval
atrophic change of brain is noted. (C, c) At 19 months of age, after genetic diagnosis, aggravated leukodystrophy extending to subcortical white
matter, with subependymal cystic changes and diffusion restriction is shown. (D) Spectroscopy at 19 months of age shows no increase in lactate
peak. B. Pathogenic ISCA2 variants reported to date (Reference sequence NM_194279). Homozygous variants are colored as brown, and
compound heterozygous variants are colored as yellow.
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Encephalitis and Hepatitis A vaccinations. Approximately two
weeks after receiving the vaccinations, she could not walk and
only stood with assistance. Additionally, her oral intake
decreased, and she became increasingly irritable. At the time
of presentation, she was unable to sit without support, unable
to produce meaningful speech, and required nasogastric tube
for feeding. Nystagmus was present with poor eye contact.
Her extremities were spastic and bilateral ankle clonus was
present upon neurological examination.

The laboratory results for the patient’s complete blood cell
count, liver function tests, renal function tests, and C-reactive

protein level were all within normal ranges. Serum lactate
levels were measured at 2.3 mmol/L. Analysis of the CSF
showed lympho-dominant pleocytosis, without any notable
increase in protein levels (red blood cell count: 0/µL, white
blood cell count: 28/µL, lymphocyte count: 24/µL, protein
level: 19 mg/dL, glucose level: 55 mg/dL). Microbiological
studies of the CSF did not reveal any evidence of infection.
Brain magnetic resonance imaging (MRI) showed leukodystro-
phy affecting the bilateral periventricular white matter (PVWM)
and corpus callosum, while the subcortical white matter
remained unaffected. Diffusion restriction was observed in

Table 1. Clinical Characteristics, Laboratory and Radiologic Findings of our Case and Previously Reported Cases of MMDS4.

Previously reported cases of MMDS4 (n= 24)1–5,7,8 Our case (n= 1)

Inheritance 22 homozygous, 2 compound heterozygous Compound heterozygous
Clinical characteristics

Sex – female (%) 13 (54) 1
Age at onset – yrs, median (IQR) 0.4 (0.25-0.5) 1.1

Presenting symptoms Developmental regression (motor, language, loss of fixation/
nystagmus), hypotonia, apnea, irritability, insomnia

Developmental regression,
nystagmus

Optic atrophy – n 17 Yes
Seizure – n 4 No
Preceding febrile illness – n 2 Yes
Mortality – n (%) 13 (54) No

Age at death – yrs, median (IQR) 1.1 (0.9-2.0)
Age at last alive follow-up – yrs, median
(IQR)

1.5 (1.1-3.3) 1.9

Documented improvement of any
degree after symptom onset

1 Yes

Known consanguinity – n (%) 20 (83) No
Neuroimaging findings

Leukodystrophy – n (%) 23 (96) Yes
PVWM – n 20 Yes
Corpus callosum – n 3 Yes
Internal capsule – n 5 No
Subcortical WM – n 2 Yes
Cerebellum – n 18 Yes
Brainstem – n 3 No
Spinal cord WM – n 11

Cystic changes – n 1 Yes
MR Spectroscopy – n 8 Yes

Increased lactate peak – n 7 No
Increased glycine peak – n 2

Laboratory findings
Serum

Lactate measured – n 14 Yes
Increased lactate – n 5 (highest 4.0 mmol/L) No

Glycine measured – n 10 Yes
Increased glycine – n 3 No

Cerebrospinal fluid
Lactate measured – n 8 No
Increased lactate – n 7 (highest 7.4 mmol/L)

Glycine measured – n 3 Yes
Increased glycine – n 3 (highest 43 µM/L) Yes (112 µM/L)

Management
One case with methylprednisolone pulse, One case with

methylprednisolone pulse and IVIG
Methylprednisolone pulse

and IVIG
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the PVWM without any contrast enhancement. The levels of
arylsulfatase A and beta-galactosidase activities were within
normal limits.

Methylprednisolone pulse therapy was given with subse-
quent corticosteroid maintenance therapy. One month later, at
14 months of age, her oral swallowing was improved and naso-
gastric tube was removed. She could sit alone, and speak a few
meaningful words again. Follow-up brain MRI taken after
steroid therapy showed decreased areas of diffusion restriction
and leukodystrophy. Steroid was tapered off during two cycles
of intravenous immunoglobulin.

At 19 months of age, she walked with support, spoke few mean-
ingful words, and could make eye contacts. Bayley scales of infant
and toddler development were 10 months in gross motor scale, 8
months in fine motor scale, 9 months in receptive language and
12 months in expressive language scale, and 6 months in cognitive
scale. Her developmental milestones reached a plateau and did not
achieve further milestones at her last follow up in 23 months of age.
Clinical overview of the described case is shown in supplementary
figure and summary of brain MRI findings is shown in Figure 1A.

Whole exome sequencing revealed compound heterozygous
ISCA2 variants of c.166T>G, p.C56G and c.422A>C, p.Q141P,
rare variants not found on Genome Aggregation Database and
Korean Variant Archive 2,9,10 each inherited from her parents. The
variants were initially classified as variant of unknown significance
based on ACMG/AMP (American College of Medical Genetics
and Genomics / Association for Molecular Pathology) criteria.
Amino acid analysis of the stored initial serum and CSF samples
showed normal serum glycine level but markedly elevated CSF
glycine (112 µM/L, reference range 2.9-7.9 µM/L), a typical bio-
chemical findings consistent with ISCA2-related MMDS4. CSF
lactate was not measured due to inadequate sample quantity. A
follow up Brain MRI taken 6 months after symptom onset showed
progressed leukodystrophy and cystic changes. Lactate was not
increased in brain Magnetic Resonance Spectroscopy. Bilateral
optic atrophy was present in ophthalmologic exam. Based on the
matching clinical presentation and biochemical studies, we reclassi-
fied the variants as likely pathogenic variants and concluded that
ISCA2 variants were the genetic cause of her clinical manifestation.

Discussion
We present the first case of MMDS4 in Korean population with
rare novel compound heterozygous ISCA2 variants. Although
the history of developmental regression after febrile illness,
lympho-dominant CSF pleocytosis and initial brain MRI findings
suggested of post-infectious encephalitis, unusually rapid deteriora-
tion of motor functions called for further investigation. Compound
heterozygous ISCA2 variants along with elevated CSF glycine level
supported the diagnosis of MMDS4. There were two previously
reported cases of MMDS4 with preceding febrile illness4 both har-
boring p.G77S homozygous variant. Though MMDS4 is character-
ized by rapid motor function deteriorations and progressing
leukodystrophy, febrile event may trigger the disease, making it dif-
ficult to diagnose at initial presentation. Our case of ISCA2 related
MMDS4 after febrile episode strongly adds on to increasing

awareness of the disease phenotype mimicking post-infectious
encephalitis. MMDS4 seems to have poor prognosis, with 13 of
24 previously reported cases expired at median age of 1.1 years.
All reported patients presented before age 1 (Table 1).

All previously reported cases of MMDS4 which measured
CSF glycine levels had elevated CSF glycine levels. Serum
glycine was elevated mildly only in one case (330 µM/L, refer-
ence value 74 to 290 µM/L). They all harbored p.G77S homo-
zygous variant. In our case, CSF glycine level was elevated to
112 µM/L with normal serum glycine levels. Glycine elevation
in serum or CSF is characteristic finding of MMDS, possibly
associated with lipoic acid synthase dysfunction and subse-
quent defective glycine cleavage system.1

Although immunomodulative therapies have been proven
effect in some mitochondrial leukoencephalopathies,11 there
is currently no proven treatment for MMDS4. In a case who
is still alive at 11 years of age with infantile onset and partially
regained developmental milestones after initial regression,
methylprednisolone pulse and IVIG was given at initial diagno-
sis but with no effect.8 In another case of 2-month-old girl,
methylprednisolone pulse was given but the patient soon
expired due to respiratory failure.5 Our patient showed
improvement in oral intake after corticosteroid therapy, and
gradually regained some developmental milestones over 6
months while continuing IVIG treatment. Due to conflicting
effects of immunomodulative therapies, further investigations
are needed to fully understand their effects. A recent study dem-
onstrating reactive oxygen species (ROS) accumulation in
ISCA2 knockdown cells calls for further investigations in
ROS scavenger treatment options.12

In this report, we present a case harboring ISCA2 variants with
acute developmental regression after a febrile illness. A compre-
hensive literature review and summary of all reported ISCA2 var-
iants and their associated phenotypes has been conducted to
enhance the understanding of the overall clinical characteristics
of ISCA2-related MMDS4. In conclusion, MMDS4 should be
considered in infantile developmental regression with leukodystro-
phy. Since MMDS4 can manifest with a preceding febrile illness
and mimic post-infectious encephalitis, the measurement of CSF
glycine levels can assist in the diagnostic process and serve as
an indicator for additional genetic investigations.
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