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LATE DIAGNOSIS OF CEREBRAL FOLATE
DEFICIENCY: FEWER SEIZURES WITH FOLINIC
ACID IN ADULT SIBLINGS

Cerebral folate deficiency is a genetically heterogeneous
condition.1 Mutations in FOLR1 are responsible for a
rare but treatable form of cerebral folate deficiency
(OMIM #613068).1 The gene codes for folate receptor
alpha (FRa), a specific CNS folate transporter. Indi-
viduals with FOLR1-related folate deficiency present
with ataxia, dyskinesia, spasticity, seizures, and regres-
sion in cognitive abilities and motor skills during early
childhood.2 Seizures commonly observed include gen-
eralized tonic-clonic, atonic, and myoclonic.3 To date,
there have been 18 individuals with FOLR1-related
cerebral folate deficiency diagnosed in childhood and
reported in the literature.3–5 Early diagnosis is crucial,
as high-dose folinic acid (2–5 mg/kg/day) has been
reported to be an effective treatment that can amelio-
rate or even prevent further neurodegeneration,
although no long-term treatment studies have been
performed.1,3,5,6 We present the late diagnosis of adult
siblings with cerebral folate deficiency due to FOLR1
mutations and their subsequent treatment.

The eldest sibling (sibling 1), aged 33 years, met
her early developmental milestones until 22 months
of age, when she developed myoclonic seizures,
ataxia, and developmental regression. At 15 years of
age, she had learned 75–100 words, but this
decreased to only 12 words by age 30 years. By 7
years of age, she was wheelchair-dependent. There
was a period of remission of her seizures from 11 to
18 years of age, but the generalized tonic-clonic seiz-
ures recurred in her 20s, particularly during sleep. As
an adult, she had an average of 1 seizure per day and
was treated with gabapentin.

Her younger sister (sibling 2), aged 28 years, is
more severely affected. She also had a period of normal
development until 18 months of age, when she devel-
oped progressive ataxia and developmental regression.
This was followed by myoclonic seizures that evolved
to generalized tonic-clonic seizures. She had feeding
difficulties and required gastrostomy tube placement.
She was also wheelchair-dependent by 5 years of age.
She developed only a few words of speech, although
she has some receptive language. Her condition

stabilized in her teens, but she made no developmental
progress. During her 20s, her motor function gradually
declined and she had an average of 1 seizure daily, par-
ticularly during sleep, and she is treated with carbam-
azepine and levetiracetam. An MRI of sibling 2 (at age
25 years) showed extensive periventricular and deep
cerebral white matter changes with frontal lobe and
cerebellar atrophy (figure).

There was no family history of intellectual disabil-
ity or epilepsy. There are 3 unaffected sisters, and the
parents are first cousins of Italian ethnic origin.

The siblings were recruited into the national Care4-
Rare research project to identify the genetic etiology of
their disease using whole-exome sequencing, and
informed consent was obtained from the family. A novel
homozygous mutation in FOLR1, NM_016724,
c.128A.G. p.H43R was identified in both siblings.
The parents were confirmed to be heterozygous
carriers, and neither of the unaffected sisters was
homozygous for the variant. The variant was not
present in control databases, and in silico prediction
programs (SIFT, PolyPhen-2) predicted it to be
pathogenic. CSF studies in sibling 2 demonstrated
diminished 5-methyltetrahydrofolate at ,10 nmol/L
(reference: 40–120 nmol/L) and reduced homovanil-
lic acid at 26 nmol/L (reference: 145–324 nmol/L),
consistent with cerebral folate deficiency. Oral folinic
acid replacement was promptly initiated at 2 mg/kg/
day. This resulted in a reduction in seizure frequency
by approximately half. In sibling 2, seizures reduced
from an average of 42 (range: 18–73) per month to 20
(range: 12–26) per month (t testone-sided, p 5

0.000006), and in sibling 1 seizures reduced from
20 (range: 7–37) per month to 13 (range: 2–36) per
month (t testone-sided, p5 0.012). Sibling 1 showed an
increase in her vocalizations and use of words and
improved fine motor skills, and sibling 2 appeared
more alert. The dose of antiepileptic medication has
been reduced for both sisters. The late molecular diag-
nosis of a treatable cause of seizures and intellectual
disability in these adult siblings demonstrates the poten-
tial impact of next-generation sequencing for early diag-
nosis to inform disease-altering therapy. Although
initiated later in life than has previously been reported,
treatment with folinic acid showed a marked reduction
in the frequency of seizures for both siblings, improving
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their quality of life and permitting a reduction in doses
of antiepileptic medication. The molecular diagnosis also
enabled accurate recurrence risk counseling for family
members seeking information for family planning. This
case highlights the value of a molecular diagnosis for
adults with epilepsy and the finding that even late initi-
ation of treatment for FOLR1 deficiency provides impor-
tant benefits.7
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Figure MRI of sibling 2

(A) Axial fluid-attenuated inversion recovery image showing extensive white matter disease
and sparing of U-fibers. (B) Atrophy of frontal hemispheres and cerebellum with sparing of
temporal lobes.
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