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Objective: Our aim was to describe a child with an in-
complete form of Kearns–Sayre syndrome who presented
profound cerebrospinal fluid (CSF) folate deficiency and
his response to folinic acid supplementation Methods:
CSF 5-methyltetrahydrofolate was analyzed by HPLC
with fluorescence detection and mitochondrial DNA de-
letions by southern blot hybridization. Results: Cranial
magnetic resonance imaging showed a leukoencephalop-
athy. Profound CSF 5-methyltetrahydrofolate deficiency
was observed with normal blood folate values and de-
creased CSF/serum folate ratio, suggesting a transport de-
fect across the blood–brain barrier. Folinic acid treatment
was established, and after 1 year clinical response to fo-
linic supplementation was remarkable, with almost nor-
mal white matter image. Interpretation: The clinical re-
sponse after folinic therapy highlights the need for the
study of cerebral folate deficiency in patients with mito-
chondrial disorders and white matter lesions.

Ann Neurol 2006;59:394–398

Mitochondrial DNA (mtDNA) deletion syndromes
comprise three overlapping phenotypes: Pearson’s
syndrome, progressive external ophthalmoplegia, and
Kearns–Sayre syndrome (KSS). KSS is a multisys-
temic disorder defined by onset before age 20 years,
pigmentary retinopathy, progressive external ophthal-
moparesis, and appearance of more clinical signs: car-
diac conduction blockade, cerebrospinal fluid (CSF)
protein concentration greater than 100mg/dl, and

cerebellar ataxia. Abnormalities in neuroradiological
studies have been reported, affecting deep structures
of the brain and subcortical white matter.1 Mitochon-
drial DNA deletions, ranging in size from 2 to 10kb,
are present.

There is no treatment for mitochondrial DNA dele-
tion syndromes, and all therapeutic approaches have
been unsuccessful. The association between cerebral fo-
late deficiency (CFD) and KSS was first described in
1983, and clinical improvement after folic acid treat-
ment was reported, but more than 20 years have
elapsed since the last report of CFD in KSS.2,3

Our aim was to describe a child with an incomplete
form of KSS who presented profound CSF folate defi-
ciency and his response to folinic acid supplementa-
tion.

Case Report
This male patient was born of nonconsanguineous parents
of Brazilian origin. At the age of 7 years and 8 months, he
presented short stature and leukoencephalopathy was
shown on cranial magnetic resonance imaging (MRI; Fig
1A, B). In the 2 months prior, the parents had noted an
odd clumsy performance, poor coordination, strength gait
deterioration, and low school level. Action tremor, slight
dysmetry, slow speech, and brisk tendon reflexes were doc-
umented. Normal sensitivity for modalities was obtained.
In the following months, progressive muscle weakness, fa-
tigability, gait ataxia, flaccid tetraparesis, and areflexia ap-
peared, with loss of deambulation at 8 years of age. A sec-
ond brain MRI performed with spectroscopy showed
diffuse leukodystrophy of the white matter of the subcorti-
cal regions in the upper frontal and parietal regions and,
with spectroscopy, a peak of lactate with normal amount of
N-acetylaspartate. Basal ganglia and cerebellum did not
show abnormalities. Neurophysiological studies showed de-
myelinizing neuropathy (motor velocity conduction: 37m/
seg); visual evoked potentials evidenced delayed latency.
Electroencephalogram and electroretinogram, fundus oculi,
and cardiological examination were normal.

Laboratory Studies
Blood and CSF lactate, pyruvate, and amino acids were an-
alyzed as previously reported.4,5 CSF 5-methyltetra-
hydrofolate (5-MTHF), 5-hydroxyindoleacetic, and homova-
nilic acids, and neopterin and biopterin concentrations were
analyzed by high-performance liquid chromatography with
electrochemical and fluorescence detection.6,7

Histochemical studies of mitochondrial oxidative phos-
phorylation in muscle were performed with standard proce-
dures. The oxidation rates of mitochondrial substrates and
the activities of mitochondrial respiratory chain enzymes
were determined by radiometric or spectrophotometric meth-
ods.8–10

Genetic Studies
Total DNA was isolated from muscle and fibroblasts and
was analyzed by Southern blot. To precisely map the posi-
tion of the deletion, we performed complete mitochondrial
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genome amplification by long-range polymerase chain reac-
tion. Restriction mapping allowed the identification of the
region involved in the deletion, which then was amplified
and sequenced. Deletion breakpoints were identified by
comparing with the reference sequence for human mtDNA
Cambridge Reference Sequence (CRS).

Samples from patients and controls were obtained in ac-
cordance with the 2000 revised Helsinki Declaration of
1975. Informed consent was obtained from the family. The
Ethical Committee of the Sant Joan de Déu Hospital ap-
proved the study.

Results
Relevant biochemical results in blood and CSF are re-
ported in the Table. In baseline conditions, increased
lactate and alanine concentrations supported the diag-
nosis of a mitochondrial disorder. Serum folate concen-
tration was within the reference range. Furthermore,
no hyperhomocysteinemia or megaloblastic anemia
were demonstrated.

In CSF, high protein and lactate concentrations were

observed. There was profound 5-MTHF deficiency,
but dopamine and serotonin metabolites (5-
hydroxyindoleacetic and homovanı́lic acids) and pterins
were not decreased compared with our reference values
(see Table). The ratio of CSF/serum folate was de-
creased (0.6: reference values, 1.5–3.0).

Muscle biopsy analysis showed ragged-red fibers
(RRFs), cytochrome c oxidase (COX)–negative fibers,
deficient pyruvate and malate oxidation, and partial de-
ficiency of complex I and complex III activities of the
mitochondrial respiratory chain.

Muscle and cultured fibroblasts mtDNA showed the
presence of a single deletion of 4,123bp in 73 and
40% of the genome, respectively (Fig 2A, B). This de-
letion led to the loss of four polypeptide-coding genes
(ND4, ND5, ND6, cytochrome b) and four tRNA
genes (His, Ser, Leu[CUN], and Glu; see Fig 2C). Se-
quence analysis of the deletion breakpoints showed that
the deletion was flanked by an 18/15 imperfect tandem
repeat element (see Fig 2D).

Fig 1. Brain MRI at 8 years of age before treatment with folinic acid. FLAIR.T2. (A) Coronal image shows hyperintensity sparing
the subcortical white matter with slightly periventricular location. (B) On axial T2 weighted image high intensity in the parietal
white matter. After one years’s treatment with folinic acid (C) Coronal and (D): axial images show decreased signal on the same
location.
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Table. Biochemical Results in Blood and Cerebrospinal Fluid

Baseline
First

Control
Second
Control Ref. Values

Blood
Lactate 2.50 3.3 1.27 0.55–1.80mmol/L
Pyruvate 0.10 0.12 0.10 0.03–0.1mmol/L
Alanine 470 666 503 185–410�mol/L
Carnitine 19 40 63 25.5–48�mol/L
Folate 14.2 52 66 9–41nmol/L

CSF
Lactate 5.16 — n.d. 1.1–2.2mmol/L
Alanine 42 — n.d. 13–52�mol/L
5-HIAA 474 — 420 87–366nmol/L
HVA 844 — 872 202–596nmol/L
NP 55 — 37 10–46nmol/L
BP 32 — 20 8.2–68.1nmol/L
5-MTHF 8 — 48 45–94nmol/L

Biochemical results in blood and CSF in baseline conditions (before the start of therapy) and after folinic acid supplementation (first and
second controls). CSF was taken only in the second control, 1 year after the start of the therapy.

CSF � cerebrospinal fluid; n.d. � not determined; 5-HIAA � 5-hydroxyindoleacetic; HVA � homovanilic acid; NP � neopterin; BP �
biopterin; 5-MTHF � 5-methyltetrahydrofolate.

Fig 2. (A) Hybridization of the patient’s muscle and fibroblast DNA with a human mtDNA probe (m: msucle; f: fibroblast; M:
Molecular weight marker; numbers indicate kilobases). (B) Deletion breakpoints defined by automated sequencing. (C) Schematic
representation of the deleted region throughout the entire human mtDNA molecule. (D) Analysis of the mtDNA sequence flanking
the deletion breakpoints. Imperfect direct sequences flanking the breakpoints are shown in bold; the mismatched nucleotides are un-
derlined.
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Evolution
We started oral monotherapy with folinic acid (1mg/kg/
day) with doses increasing up to 2.5mg/kg/day in the
following weeks. After 1 month of treatment, the patient
recovered ambulation with independent ataxic gait and
asymmetrical cerebellar syndrome on upper limbs. After
1 year of treatment with folinic acid, a second determi-
nation in CSF showed normal 5-MTHF values, al-
though the CSF/serum folate ratio remained below ref-
erence values (0.75; reference values, 1.5–3.0). At that
moment, cranial MRI, T2, and fluid-attenuated inver-
sion recovery sequences images (see Fig 1C, D) showed
a great improvement in myelinization compared with
baseline conditions (see Fig 1A, B). No improvement
was observed in cerebellar signs and areflexia.

Discussion
Mitochondrial DNA deletion syndromes might be dif-
ficult to recognize, especially in the first decade of life.
Our patient showed cerebellar ataxia, impaired intel-
lect, exercise intolerance, proximal muscle weakness,
and leukoencephalopathy on brain MRI. Although our
patient showed several symptoms related with KSS, he
did not fulfill the main clinical criteria for this disor-
der, probably because he was still too young to develop
the whole clinical picture. Taken together, the presence
of cerebellar syndrome, demyelinizing neuropathy, in-
creased lactate and CSF protein values, RRF and
COX-negative fibers in muscle biopsy, and large dele-
tion in mtDNA suggest a diagnosis of KSS.

Brain MRI abnormalities are a frequent finding in
mitochondrial cytopathies. Widespread white matter
and cortical hyperintensity on T2-weighted images and
in fluid-attenuated inversion recovery sequences can be
observed. Supratentorial and infratentorial cortical at-
rophy and cerebellum atrophy observed in KSS did not
appear in our patient, possibly because of his young
age.11 The highlighting image after 1 year of folinic
treatment led us to associate white matter alterations
observed in our case with folic acid deficiency.

CFD syndrome is a disorder that may be defined
“as any neurological syndrome associated with low
CSF 5-MTHF values,” the active form of folate.12

Some of the clinical features described in our case
(cerebellar syndrome, white matter lesions, cognitive
impairment, and spastic paraparesis) may also be ob-
served in CFD. Cerebral folate deficiency occurs in
the presence of normal blood folate concentration.12

Therefore, the occurrence of CFD has been associated
with a dysfunction in the high-affinity folate receptors
allocated in the blood–brain barrier. Interestingly,
CFD in KSS was demonstrated in three reports sev-
eral years ago,2,3 and, according to the biochemical
data reported, impairment in transport was possible.
Our patient showed a normal blood folate status with
a profound CSF folate deficiency, suggesting a trans-

port defect across the blood–brain barrier. Recently,
we studied another patient with KSS, and a profound
CSF 5-MTHF with normal blood folate status was
also observed (data not shown). The presence of
abundant �-mtDNAs in the choroids plexus of KSS
patients has been reported,13 suggesting a key role in
causing the reduced CSF folic acid values in this dis-
order.

5-MTHF is the precursor of the methyl-group do-
nor S-adenosylmethionine, which is used in more
than 100 chemical reactions. The methylation of ar-
ginine at position 107 within myelin basic protein is
necessary to maintain stability of central nervous sys-
tem myelin, and this might be a key factor in the
central nervous system involvement in this case.14

Other metabolic pathways, such as biosynthesis of
tetrahydrobiopterin, are also dependent on
5-MTHF,15 and a reduction in CSF concentrations
of this cofactor has been associated with CFD.16 This
reduction might be associated with low
5-hydroxyindoleacetic and homovanilic acids concen-
trations.16 According to our results, no decreased con-
centrations of these metabolites were observed, sug-
gesting that the involvement of a potential
neurotransmitter deficiency in our case would be less
important than those affecting other folate functions,
such as the methylation of the myelin basic protein.

Cerebral folate deficiency can induce abnormalities
in cerebral white matter, and the clinical response to
folinic acid supplementation is remarkable.14,17 An
important feature in our patient is an almost normal
white matter image after folinic monotherapy, and
improvement on clinical grounds (the patient recov-
ered deambulation and quality of life). Although the
relationship between neurological manifestations and
CSF folate deficiency in KSS is unknown, it is prob-
able that folinic acid treatment may correct these as-
pects. Nevertheless, a larger follow-up study seems
necessary to establish the evolution of the disease after
folinic therapy. Moreover, it has been reported that
mtDNA deletions may be reduced by folate supple-
mentation in the liver of rats.18 The analysis of
mtDNA deletions after folinic acid therapy might be
interesting to establish a link between folinic acid
therapy and clinical improvement of KSS patients.

In conclusion, these findings suggest that cerebral
folate deficiency should be studied in patients with
mitochondrial disorders and white matter lesions. The
mechanisms involved in the cerebral folate deficiency
in Kearns–Sayre syndrome are still unknown, al-
though the clinical response after folinic therapy
strongly highlights the need for its study in mito-
chondrial disorders.
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Spastic Paraplegia Type 2
Associated with Axonal
Neuropathy and Apparent
PLP1 Position Effect
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Objective: To report an association between spastic para-
plegia type 2 with axonal peripheral neuropathy and ap-
parent proteolipid protein gene (PLP1) silencing in a
family. Methods: Pulsed-field gel electrophoresis, custom
array comparative genomic hybridization, and semi-
quantitative multiplex polymerase chain reaction analyses
were used to examine the PLP1 genomic region. Results:
Electrodiagnostic studies and a sural nerve biopsy showed
features of a dystrophic axonal neuropathy. Molecular
studies identified a small duplication downstream of
PLP1. Interpretation: We propose the duplication to re-
sult in PLP1 gene silencing by virtue of a position effect.
Our observations suggest that genomic rearrangements
that do not include PLP1 coding sequences should be
considered as yet another potential mutational mecha-
nism underlying PLP1-related dysmyelinating disorders.

Ann Neurol 2006;59:398–403

Pelizaeus–Merzbacher disease (PMD) and spastic para-
plegia type 2 (SPG2) are clinically distinct allelic dis-
orders, yet represent a wide spectrum of central ner-
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