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Abstract Serine is a nonessential amino acid that plays a
vital role in proper development and functioning of the
central nervous system (CNS). Serine deficiency leads to
microcephaly, intellectual disability, seizures, and psycho-
motor retardation in children and severe axonal neuropathy
in adults. Serine deficiency syndrome is due to a deficiency
of one of three enzymes in the endogenous serine
biosynthesis pathway: phosphoglycerate dehydrogenase,
phosphoserine transaminase, or, most rarely, phosphoserine
phosphatase. Of critical importance to clinical care, serine
deficiency syndrome is treatable. Herein, we describe the
novel presentation of phosphoserine phosphatase deficiency
in an adult. The patient had intrauterine growth restriction,
lifelong intellectual disability, childhood onset epilepsy, and
borderline microcephaly. In adulthood, she developed
progressively severe lower extremity hypertonia, axonal
neuropathy, and hand contractures. Neuropathy was com-
plicated by non-healing wounds. Fasting plasma amino
acids showed low serine and glycine. Molecular analysis
revealed compound heterozygous mutations in phosphoser-
ine phosphatase (PSPH). Treatment with oral serine

resulted in improvement of plasma serine levels, decreased
neuropathic pain, and subjective improvement in energy
level. Although the first case of phosphoserine phosphatase
deficiency was described nearly 20 years ago, only eight
cases have been reported, all in children. This is the first
report of phosphoserine phosphatase deficiency in an adult.

Background

Serine is a nonessential amino acid that plays a critical role in
the development and functioning of the central nervous system
(CNS) (Furuya et al. 2000; Furuya 2008; de Koning 2006).
Serine deficiency syndrome consists of a group of autosomal
recessive, neurometabolic disorders due to a deficiency of
one of three enzymes in the endogenous serine biosynthesis
pathway: phosphoglycerate dehydrogenase (PHGDH, EC
1.1.1.95), phosphoserine transaminase (PSAT, EC 2.6.1.52),
or phosphoserine phosphatase (PSPH, EC 3.1.3.3) (see
Fig. 1) (Jaeken et al. 1996; Hart et al. 2007). Although the
first case of phosphoserine phosphatase deficiency (OMIM
#172480) was described nearly 20 years ago, only eight
cases have been reported, all in children (Jaeken et al. 1997;
Vincent et al. 2015). We describe a novel presentation of
phosphoserine phosphatase deficiency in an adult with
progressive myeloneuropathy and distal contractures of the
upper extremities, expanding the currently understood
phenotype. This patient had improvement of her neuropathic
pain with serine supplementation.

Case Report

The patient was born to a 31-year-old gravida 4, para 4
woman at 42 weeks gestation after an uncomplicated
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pregnancy. She weighed 4 pounds, 10 ounces at birth, 3
standard deviations (SD) below average, consistent with
severe intrauterine growth restriction. The patient remained
below the growth curve during childhood, though with
reportedly proportionate growth. Microcephaly was never
mentioned to the family and records are not available. She
never had feeding difficulties. The patient met all develop-
mental milestones until age 4 when she started performing
poorly in preschool and was eventually diagnosed with
absence seizures and intellectual disability. Diagnoses were
confirmed with electroencephalogram (EEG) and formal
neurologic testing. Absence seizures were difficult to treat,
predominantly due to inconsistent medication administra-
tion, though the patient’s seizures have been well controlled
on ethosuximide for the past 5 years. The patient graduated
from high school and held manual labor jobs until severe
neuropathy prevented her from working. Her demeanor is
generally described as happy, though she can be intermit-
tently extremely irritable. She was evaluated for acute
paranoia at age 26, though this was later attributed to an
adverse drug reaction. Currently, the patient lives indepen-
dently with her boyfriend who also has mild intellectual
disability. Her mother lives across the street, manages her
finances, and is involved as a caretaker.

Throughout childhood, there was no concern for fine or
gross motor abnormalities. At age 19, the patient began to
complain of increasing lower extremity stiffness, starting in
her Achilles tendons. Gross and fine motor skills subse-
quently deteriorated. Her gait became progressively abnor-
mal, and she developed bilateral foot drop at age 27. Over
the next ten years, the patient required multiple surgical
debridements, hyperbaric oxygen treatments, casting and
therapy for complications of neuropathy including non-
healing ulcers, osteomyelitis, and finger tip amputations.
Stiffness progressed to involve her upper extremities at age
32, and the patient began to note contractures of her hands
and fingers (see Figs. 2 and 3).

Family history is negative for growth restriction,
seizures, intellectual disability, microcephaly, recurrent
pregnancy losses, and neuropathy. The patient has a 42-
year-old unaffected full sister and two unaffected half-
brothers. She is of Polish and Northern European ancestry;
her parents are not consanguineous.

The neurology service at our tertiary academic medical
center was consulted during an inpatient admission for
osteomyelitis. On exam, she had borderline microcephaly
(occipital-frontal circumference, 52 cm, �2 SD), short
stature (height, 149 cm, �2.4 SD), and obesity (weight,

Fig. 1 Serine biosynthesis pathway
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Fig. 2 Natural history timeline of one patient’s experience with phosphoserine phosphatase deficiency

Fig. 3 Recent photographs (38 years old) demonstrate the patient’s borderline microcephaly, anterior receding hairline, and fingertip amputations.
She does not have a wide mouth as has been mentioned in two previous reports on PSPH deficiency
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89 kg, BMI 40). She had a prominent widow’s peak with
sparse anterior hair, though this was said to be a familial
trait. Upper extremities showed an increased carrying angle.
Ninety-degree contractures at the distal and proximal
interphalangeal (DIP, PIP) joints could be actively extended
to 180�. Her hands showed bilateral muscular atrophy of
the thenar eminence and intrinsic muscles as well as two
left DIP joint amputations. Skin exam showed diffuse,
moderately severe eczema including on her face and a right
foot ulcer. Her neurologic exam was notable for an
immature affect. Speech was fluent and she was able to
give a limited history. Cranial nerves were intact. Strength
was fully intact in bilateral proximal upper extremities and
hip flexors and severely reduced in finger abduction, finger
flexion, and ankle dorsiflexion. Sensory exam was notable
for severely decreased temperature and vibratory sensation
in a length-dependent pattern to the midleg and mid-
forearm bilaterally. Deep tendon reflexes were symmetric
and diffusely brisk, with the exception of Achilles tendon
reflexes, which were absent. She had mild spasticity in all
four extremities. There was no dysmetria. Rapid alternative
movements were limited by contractures and patient
understanding. The patient was able to walk short distances.
Gait was antalgic, with obvious foot drop and reduced
flexion in the right knee.

Her exam was concerning for a myeloneuropathy,
possibly due to an inherited metabolic disorder. Electro-
diagnostic study demonstrated a chronic sensory and motor
axonal polyneuropathy. Brain magnetic resonance images
(MRI) performed at ages 27, 32, and 38 were all normal.
Glucose, vitamin B12, folate, methylmalonic acid, copper,
ceruloplasmin, and zinc were all within normal range.
Plasma amino acids showed a markedly low serine
(31 mcmol/L, reference range 60–170) and moderately
low glycine (114 mcmol/L, reference range 130–400).
Other amino acids were within normal range. The patient
refused lumbar puncture. In conjunction with the biochem-
ical genetics service, we ordered sequential sequencing of
3-phoshoglycerate dehydrogenase (PHGDH), phosphoser-
ine aminotransferase (PSAT), and phosphoserine phospha-
tase (PSPH). There were no pathogenic mutations in
PHGDH or PSAT. Molecular testing revealed two novel
mutations in PSPH (NM_004577.3): c.131T>G (p.
Val44Gly) and c.421G>A (p.Gly141Ser). Val44Gly was
not found in dbSNP (http://www.ncbi.nlm.nih.gov/SNP),
Exome Aggregate Consortium (ExAC, http://exac.broad-
institute.org), or NHLBI Exome Sequencing Project (ESP,
http://evs.gs.washington.edu/EVS) databases. Gly141Ser
was not found in dbSNP. It was reported with an allele
frequency of 0.02% in ESP and 0.0025% in ExAC. In silico
computational tools including Align GVGD, SIFT, Muta-

tionTaster, and Polyphen2 predict Gly141Ser and Val44Gly
to be pathogenic variants. Both variants are evolutionarily
conserved. Direct mutational analysis in the patient’s
mother identified a heterozygous PSPH: c.131T>G (p.
Val44Gly) nucleotide change. Based on our patient’s
phenotype, biochemical, and molecular findings, we diag-
nosed her with phosphoserine phosphatase deficiency.
Treatment with oral serine supplementation was initiated
and titrated according to plasma serine levels. She currently
takes 2.5 g orally, three times a day. Laboratory-measured
plasma serine levels have improved; most recent serine and
glycine plasma values are 96 and 222 mcmol/L, respec-
tively. After four months of therapeutic treatment, the
patient reported improved energy levels and increased
sensation in her feet. Her foot ulcer has completely healed
and not recurred. She has significantly reduced the dosage
of pain medication necessary for neuropathic pain control.

Discussion

Phosphoserine phosphatase deficiency has been described
in just two reports, all in children (Vincent et al. 2015;
Jaeken et al. 1997; Veiga-da-Cunha et al. 2004). The first
described patient was an infant with a separate, unrelated
diagnosis of Williams–Beuren syndrome. Apart from
features typical of Williams–Beuren syndrome, he had
pre- and postnatal growth deficiency, psychomotor retarda-
tion, and congenital microcephaly. He was seizure free.
Serine levels in the cerebral spinal fluid (CSF) and plasma
were decreased, though plasma serine normalized after
meals (CSF, 18 mmol/L, control range 27–57 mmol/L;
plasma, 53–80 mmol/L, normal range 70–187). The patient
was started on serine supplementation at one year of life.
He experienced some catch-up head growth and develop-
mental improvements; he was lost to follow-up after age
two (Jaeken et al. 1996).

A second report described seven individuals, ages 5 to
19 years, from a multiplex consanguineous Pakistani
family, all homozygous for PSPH c.103G>A (p.Ala35Thr)
pathogenic mutation (Vincent et al. 2015). All individuals
presented in infancy or early childhood with severe
developmental delay. All had moderate to profound
intellectual disability, seizures, and hypertonia. Most had
microcephaly. Plasma amino acid analysis showed low
serine and moderately low glycine in individuals with
reported results (serine, 26–29 mmol/L, reference
75–175 mmol/L; glycine, 102–129 mmol/L; reference
148–324 mmol/L).

Recently, a molecular study of Neu-Laxova syndrome
(OMIM #256520, #616038), a typically prenatally lethal
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condition characterized by profound neurodevelopmental
abnormalities, found mutations in PHGDH, PSAT1, and
PSPH. These findings suggest the most severe end of serine
deficiency syndrome is incompatible with life (Acuna-
Hidalgo et al. 2014). In contrast, our patient probably
represents the mild end of the clinical spectrum.

PHGDH deficiency, the most common cause of serine
deficiency syndrome, has been described in a single adult.
PHGDH encodes the first enzymatic step in the serine
biosynthesis pathway. Individuals with PHGDH deficiency
typically present in infancy with severe neurodevelopmen-
tal abnormalities, including intractable seizures, severe
intellectual disability, congenital microcephaly, and psycho-
motor retardation though more mild phenotypes have also
been described (Jaeken et al. 1996; Tabatabaie et al. 2011).
Méneret et al. describe a patient with congenital cataracts,
mild psychomotor retardation, and slight cerebellar ataxia,
who presented at age 31 with adult onset axonal sensori-
motor polyneuropathy. He was started on serine supple-
mentation and reported subjective improvement in his
quality of life (Méneret et al. 2012).

Phosphoserine phosphatase (PSPH) encodes the third,
final, and rate-limiting enzyme in the L-serine synthesis
pathway, irreversibly hydrolyzing phosphoserine to L-serine
and phosphate (Collet et al. 1997). PSPH is inhibited by L-
serine, creating a pathway that is regulated by serine
demand rather than supply (Collet et al. 1997). Thus, in
contrast to other aminoacidopathies, there is no accumula-
tion of a metabolite or precursor. Screening tests rely on
detecting low serine concentration in CSF and/or fasting
plasma (de Koning 2006). The serine level in the CSF is
most clinically relevant, though invasive and not routinely
available. While screening plasma amino acids is specific,
sensitivity is affected by the fact that serine levels can
normalize after meals (Jaeken et al. 1996). It behooves the
physician with a high clinical suspicion for serine defi-
ciency to collect the plasma samples during a fasting state
and pursue CSF testing if inconclusive.

Identifying phosphoserine phosphatase deficiency in our
adult patient expands the phenotype to include severe
axonal neuropathy and contractures in addition to the
previously described intellectual disability, epilepsy, micro-
cephaly, and growth deficiency. This case suggests that
inexpensive, basic metabolic screening can potentially
identify this treatable syndrome. Fasting plasma amino
acids should be considered in adult patients with atypical
presentations of otherwise unexplained neuropathies and
complex features, such as craniofacial deformities, concom-
itant myelopathy, epilepsy, and developmental delay.
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Synopsis

This novel report of phosphoserine phosphatase deficiency
in an adult expands our understanding of serine deficiency
syndrome and describes an important and treatable condi-
tion for practitioners to consider when evaluating patients
with unexplained metabolic neuropathy.
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