NLM Citation: van der Crabben SN, de Koning TJ. Serine Deficiency

‘ ) o Disorders. 2023 Jun 22. In: Adam MP, Feldman J, Mirzaa GM, et al.,
m U.S.National Library of Medicine  editors. GeneReviews® [Internet]. Seattle (WA): University of
Nations] Centar for Blotachnciogy informetan Washington, Seattle; 1993-2024.

Bookshelf URL: https://www.ncbi.nlm.nih.gov/books/

Serine Deficiency Disorders

ENEREVIEWS| Sy onyms: Serine Biosynthesis Disorders, Serine Synthesis Disorders

Saskia N van der Crabben, MD, PhD' and Tom J de Koning, MD, PhDZ.3
Created: June 22, 2023.

Summary

Clinical characteristics

Serine deficiency disorders include a spectrum of disease ranging from lethal prenatal-onset Neu-Laxova
syndrome to serine deficiency with infantile, juvenile, or adult onset. Neu-Laxova syndrome is characterized by
severe intrauterine growth deficiency, microcephaly, congenital bilateral cataracts, characteristic dysmorphic
features, limb anomalies, and collodion-like ichthyosis. Infants are typically stillborn or die in early infancy.
Infantile-onset serine deficiency is characterized by seizures, microcephaly, developmental delay, intellectual
disability, and spastic quadriplegia. Individuals that present with juvenile-onset serine deficiency have seizures
and many develop spastic quadriplegia. Adult-onset serine deficiency is characterized by progressive axonal
polyneuropathy with ataxia and possible cognitive impairment.

Diagnosis/testing

The diagnosis of a serine deficiency disorder is established in a proband with biallelic pathogenic variants in
PHGDH, PSAT]I, or PSPH identified by molecular genetic testing.

Management

Targeted therapy: Early treatment with L-serine supplementation; glycine supplementation with L-serine has
been used in some individuals.

Supportive care: L-serine therapy is more effective than anti-seizure medication for treatment of seizures;
developmental and educational support; feeding therapy for persistent feeding issues; treatment of cataracts per
ophthalmologist; standard treatments for spasticity and polyneuropathy; preventative dental care for those on
oral L-serine powder; social work support and care coordination as needed.

Surveillance: Monitor for seizures, changes in tone, contractures, developmental and educational needs, behavior
issues, growth and nutrition, constipation and feeding issues, respiratory issues, musculoskeletal manifestations,
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and family needs at each visit. Dental evaluation every six months. Assessment of care needs when transitioning
from pediatric to adult care.

Agents/circumstances to avoid: Known triggers of seizure activity (e.g., infection, physical stress, emotional
stress).

Evaluation of relatives at risk: It is appropriate to evaluate newborn sibs and apparently asymptomatic older and
younger sibs of a proband to identify as early as possible those who would benefit from prompt initiation of L-
serine treatment.

Genetic counseling

Serine deficiency disorders are inherited in an autosomal recessive manner. If both parents are known to be
heterozygous for a serine deficiency-causing pathogenic variant, each sib of an affected individual has at
conception a 25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of
inheriting neither of the familial pathogenic variants. Once the serine deficiency-causing pathogenic variants
have been identified in an affected family member, carrier testing for at-risk relatives and prenatal and
preimplantation genetic testing are possible.

GeneReview Scope

Serine Deficiency Disorders: Phenotypic Spectrum
Severity Phenotype 1
Lethal prenatal phenotype Neu-Laxova syndrome

+ Infantile-onset phenotype: severe neurodevelopmental disorder w/epilepsy & microcephaly

o Juvenile-onset phenotype: developmental & behavioral issues & epilepsy

o Adult-onset phenotype: progressive axonal neuropathy, variable ataxia &/or cognitive
impairment

Nonlethal phenotypes

1. For other genetic causes of these phenotypes, see Differential Diagnosis.

Diagnosis

No consensus clinical diagnostic criteria for serine deficiency disorders have been published.

Suggestive Findings

A serine deficiency disorder should be suspected in individuals with the following clinical, imaging, and
laboratory findings and family history.

Clinical and brain MRI findings can vary between phenotypes:

o Prenatal onset (Neu-Laxova syndrome)

o Severe intrauterine growth deficiency

° Microcephaly

o Congenital bilateral cataracts

o Dysmorphic features: sloping forehead, proptosis or short palpebral fissures with absent or
abnormal eyelids, edematous and/or low-set or malformed ears, depressed nasal ridge, fixed narrow
mouth with edematous lips, micrognathia, cleft palate, and short neck

o Thin, transparent, and tight skin with collodion-like ichthyosis

o Limb anomalies: short limbs, flexion contractures, cutaneous syndactyly, edematous hands and feet,
rocker-bottom feet

o Neural tube defects
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o Brain MRI findings: cortical dysplasia with gyral simplification (anterior more than posterior),
enlarged ventricles, decreased white matter, and structural abnormalities of the cerebellum [Acuna-
Hidalgo et al 2014, Shapira Zaltsberg et al 2020]

« Infantile onset

o Seizures

o Microcephaly (congenital or postnatal)

o Developmental delay

o Severe intellectual disability

o Spastic quadriplegia

o Growth deficiency (prenatal and/or postnatal)

o Ocular manifestations: nystagmus, congenital bilateral cataracts

o Ichthyosis

o Brain MRI findings: severe hypomyelination, white matter attenuation and delayed myelination,
nonspecific cerebellar abnormalities

o Juvenile onset

o Seizures
Developmental delay
Intellectual disability
Behavioral disorders

o Normal brain MRI [de Koning et al 2000b]

o+ Adult onset

o Progressive polyneuropathy

o Ataxia in some individuals

Mild cognitive impairment in some individuals
Normal brain MRI [de Koning et al 2000b]

o

o

o

o

o

Laboratory findings are consistent across all phenotypes:

o Cerebrospinal fluid (CSF) serine is very low, usually <13 umol/L, and in most individuals <10 umol/L [van
der Crabben et al 2013]. CSF serine levels in individuals with infantile-onset serine deficiency do not differ
significantly from individuals with juvenile- or adult-onset serine deficiency.

« Fasting plasma serine is low, but nonfasting samples can be normal.

o CSF 5-methyltetrahydrofolate is very low [de Koning et al 2000a].

« CSF glycine is low to normal; fasting plasma glycine can be low to normal.

 Urine amino acids are noninformative; results are usually normal.

Note: Use age-specific reference ranges for CSF and plasma serine; normal serine levels are significantly higher
between birth and age three months [van der Crabben et al 2013].

Family history is consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental
consanguinity). Absence of a known family history does not preclude the diagnosis.

Establishing the Diagnosis

The diagnosis of a serine deficiency disorder is established in a proband with suggestive findings and biallelic
pathogenic (or likely pathogenic) variants in PHGDH, PSAT1I, or PSPH identified by molecular genetic testing
(see Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can
be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview
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is understood to include any likely pathogenic variants. (2) Identification of biallelic PHGDH, PSAT1, or PSPH
variants of uncertain significance (or identification of one known pathogenic variant and one variant of
uncertain significance) does not establish or rule out the diagnosis (see Other Testing).

Molecular Genetic Testing

Molecular genetic testing approaches can include a combination of gene-targeted testing (multigene panel) and
comprehensive genomic testing (exome sequencing, genome sequencing) depending on the phenotype.

Gene-targeted testing requires that the clinician determine which gene(s) are likely involved, whereas genomic
testing does not. Individuals with the distinctive findings described in Suggestive Findings (e.g., prenatal-onset
Neu-Laxova syndrome) are likely to be diagnosed using gene-targeted testing (see Option 1), whereas those with
a phenotype indistinguishable from many other inherited disorders with seizures and developmental delay are
more likely to be diagnosed using genomic testing (see Option 2).

Option 1

An intellectual disability or epilepsy multigene panel that includes some or all of the genes listed in Table 1
and other genes of interest (see Differential Diagnosis) is most likely to identify the genetic cause of the
condition while limiting identification of variants of uncertain significance and pathogenic variants in genes that
do not explain the underlying phenotype. Note: (1) The genes included in the panel and the diagnostic
sensitivity of the testing used for each gene vary by laboratory and are likely to change over time. (2) Some
multigene panels may include genes not associated with the condition discussed in this GeneReview. (3) In some
laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-focused
exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may include sequence
analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic
tests can be found here.
Option 2

Comprehensive genomic testing does not require the clinician to determine which gene(s) are likely involved.
Exome sequencing is most commonly used; genome sequencing is also possible. Comprehensive genomic
testing is most likely to be informative when clinicians provide detailed clinical, radiologic, and biochemical
findings to accurately filter and interpret variants that are identified.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in Serine Deficiency Disorders

Proportion of Serine Deficiency ~ Proportion of Pathogenic Variants 3 Identified by Method

Gene 12 Disorders Attributed to i Gene-targeted deletion/
Pathogenic Variants in Gene Sequence analysis duplication analysis 3
PHGDH 69% © >90% 7 <10% 7

PSATI 6% © 100% 7 None reported 7> 8


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1
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Table 1. continued from previous page.

Proportion of Serine Deficiency ~ Proportion of Pathogenic Variants 3 Identified by Method

Gene 1> 2 Disorders Attributed to i Gene-targeted deletion/
Pathogenic Variants in Gene Sequence analysis duplication analysis >
PSPH 25% © 100% 7 None reported 7> 8

1. Genes are listed in alphabetic order.

2. See Table A. Genes and Databases for chromosome locus and protein.

3. See Molecular Genetics for information on variants detected in these genes.

4. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

6. Authors, unpublished data

7. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020]

8. To date, large deletions/duplications in PSAT1 or PSPH have not been reported in individuals with a serine deficiency disorder.

Other Testing

In those with variants of uncertain significance identified on molecular genetic testing, the diagnosis of a serine
deficiency disorder can be established by identification of low D-3-phosphoglycerate dehydrogenase,
phosphoserine aminotransferase, or phosphoserine phosphatase enzymatic activity. However, due to decreased
availability of substrates for the enzymatic reactions, this testing is no longer routinely available.

Clinical Characteristics

Clinical Description

Serine deficiency disorders include a spectrum of disease ranging from lethal prenatal-onset Neu-Laxova
syndrome to adult-onset serine deficiency characterized by progressive polyneuropathy. Several clinical
phenotypes can be identified: prenatal onset, infantile onset, juvenile onset, and adult onset. To date, more than
50 individuals have been identified with biallelic pathogenic variants in PHGDH, PSAT1, or PSPH [Acuna-
Hidalgo et al 2014, Shaheen et al 2014, Brassier et al 2016, El-Hattab et al 2016, Abdelfattah et al 2020, Debs et al
2021, Serrano Olave et al 2022, Shen et al 2022, Fu et al 2023]. The majority of individuals reported have the
infantile-onset phenotype. The following description of the phenotypic features associated with this condition is
based on these reports.

Neu-Laxova Syndrome (Prenatal Onset)

Neu-Laxova syndrome is characterized by severe intrauterine growth deficiency, decreased or absent fetal
movements, microcephaly, congenital bilateral cataracts, and ichthyosis [Acuna-Hidalgo et al 2014].
Characteristic dysmorphic features include sloping forehead [Abdelfattah et al 2020], hypertelorism [Acuna-
Hidalgo et al 2014], proptosis or short palpebral fissures with absent or abnormal eyelids, edematous and low-set
or malformed ears, depressed nasal ridge or flat/abnormal nose, fixed narrow mouth with edematous lips,
micrognathia, cleft palate, and short neck. Limbs are short with flexion contractures and edematous hands and
feet obscuring the digits. Rocker-bottom feet have also been described [Acuna-Hidalgo et al 2014]. The skin is
thin, transparent, and tight, with scaling or collodion-like ichthyosis and subcutaneous edema [Acuna-Hidalgo
et al 2014]. Additional reported anomalies include neural tube defects and genitourinary anomalies. Many
infants with Neu-Laxova syndrome are stillborn. The remainder succumb to the disorder shortly after birth, but
survival until age two months has been described [Shaheen et al 2014, El-Hattab et al 2016].


https://www.ncbi.nlm.nih.gov/books/n/gene/app2/
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Infantile-Onset Serine Deficiency

Seizures start in the first weeks or months of life in all individuals. In about one third of individuals, seizures
start as infantile spasms syndrome (previously termed West syndrome); in the remaining infants, various types
of seizures are observed (e.g., myoclonic, tonic-clonic, gelastic, tonic, atonic). In individuals presenting with
infantile spasms syndrome, EEGs show hypsarrhythmia, but in others there is multifocal seizure activity
evolving into Lennox-Gasteaux syndrome [van der Crabben et al 2013].

Seizures are refractory to anti-seizure medications in almost all individuals. Some individuals have up to 60-70
clinically evident tonic-clonic seizures a day. In all individuals, seizures significantly improve upon treatment
with L-serine; many become seizure free, decreasing the need for chronic anti-seizure medications.
Improvement in EEG abnormalities may not occur until after six months of L-serine treatment [Authors,
personal observations].

Microcephaly is congenital in 68% of individuals with the infantile-onset subtype. In others, microcephaly
becomes evident in the first few months of life; postnatal microcephaly is reported in 95% of individuals with
infantile onset. Those with infantile spasms syndrome have arrest of head growth.

Developmental delay. Prior to the availability of L-serine treatment, most individuals with a serine deficiency
disorder presented with the infantile-onset phenotype initially as a hypotonic infant in the first months of life
evolving into hypertonic, irritable infants. Individuals diagnosed after the first months of life and certainly after
age six months had severe developmental delay and poor developmental outcomes. Development usually
plateaus in the first year, and affected children have a developmental age of approximately one year. Seizures and
treatment with anti-seizure medications often result in a loss of minimally acquired developmental milestones.

Individuals treated with L-serine prenatally or immediately after birth have normal developmental outcomes [de
Koning et al 2004, Hart et al 2007]. Those treated with L-serine at age four months or later have severe
developmental delay, functioning at a preschool level in adulthood. Apparently, early treatment is required to
prevent irreversible damage to the central nervous system.

Intellectual disability. Delayed treatment with L-serine results in severe intellectual disability. However, results
of formal cognitive testing have not been reported in individuals with infantile onset.

Additional neurologic manifestations. Spastic quadriplegia is reported in 63% of individuals.

Growth deficiency. Intrauterine growth deficiency is observed in 16% of affected infants. Postnatal growth
deficiency is reported in 42% of infants and is likely due to a combination of factors. Affected infants are
irritable, with increased crying and vomiting, and 37% have feeding difficulties due to motor delays and seizures.
Anti-seizure medications can further exacerbate feeding difficulties, and many infants require nasogastric or
gastrostomy tube feeding to gain weight.

After initiation of L-serine treatment, well-being improves rapidly, with decreased irritability and improved
feeding. However, infants that were symptomatic prior to L-serine treatment continue to have severe neurologic
symptoms impacting feeding and weight gain.

Nystagmus is reported in 42% of children with infantile-onset serine deficiency. This ophthalmologic finding
has not been investigated in detail, and the nature and origin of nystagmus is unknown.

Cataracts. Congenital cataracts are reported in 26% of individuals with infantile onset. The cataracts are
bilateral and detected in the first months of life. Additional features of the cataracts have not been documented.

Ichthyosis. Therapy with high-dose oral L-serine and glycine completely resolves the ichthyosis [Shen et al
2022].
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Craniofacial features identified in individuals with infantile-onset serine deficiency include elongated face, large
ears (becoming apparent in older individuals), upslanted palpebral fissures, and a broad nasal tip [Authors,
unpublished data].

Juvenile-Onset Serine Deficiency

Seizures. Individuals with juvenile-onset serine deficiency typically develop seizures at school age. Absence
seizures started at age four to nine years in one cohort; seizures were resistant to anti-seizure medication in one
individual [Tabatabaie et al 2011]. EEGs showed the typical bilateral synchronous 3-Hz spike-and-wave
complexes of absence seizures, which were enhanced after hyperventilation.

Development/cognition. Motor and language skills can be mildly delayed or normal; cognitive function can
range from mild intellectual disability to normal cognitive development [Tabatabaie et al 2011, Shen et al 2022].

Behavioral and psychiatric manifestations. Hyperactive behavior, behavioral issues, and mood disturbances
have been reported [Tabatabaie et al 2011]. Individuals with normal behavior have also been reported [Shen et al
2022]. Young adults treated with L-serine for many years can develop psychiatric symptoms when L-serine
supplements are discontinued [Authors, personal communication].

Additional manifestations. Many individuals develop spastic quadriplegia or tetraplegia and subsequent
deformities of the spine and extremities.

Adult-Onset Serine Deficiency

Individuals with adult-onset serine deficiency present with progressive axonal polyneuropathy (resembling
Charcot-Marie-Tooth disease type 2 on EMG).

Some adults were reported to have ataxia [Méneret et al 2012].
In adult-onset serine deficiency, individuals had normal cognitive function to mild cognitive impairment.

Individuals treated with L-serine for many years can develop psychiatric symptoms when L-serine supplements
are discontinued [Author, personal communication].

One adult who presented with progressive polyneuropathy and progressive motor disability had surgical
treatment for bilateral congenital cataracts at age three months [Méneret et al 2012].

Other

The following have been reported in only a limited number of affected individuals: adducted thumbs, inguinal
and umbilical hernias, hypogonadism, megaloblastic anemia, and generalized ichthyosis. These features may be
seen in individuals with any of the phenotypes [Authors, personal communication].

Phenotype Correlations by Gene
There is no correlation between the gene involved and the clinical phenotype. All phenotypes (lethal prenatal
onset to adult onset) can be observed in individuals with pathogenic variants in PHGDH, PSAT1, or PSPH.

Genotype-Phenotype Correlations
No clear genotype-phenotype correlations for PHGDH, PSAT1I, or PSPH have been identified.

Preliminary conclusions regarding possible genotype-phenotype correlations for PHGDH and PSAT1 can be
made, however. Neu-Laxova syndrome is predominantly associated with pathogenic variants located in the
substrate-binding domain and nucleotide-binding domain (83%) [Abdelfattah et al 2020], whereas pathogenic
variants in the substrate-binding domain have not been reported in individuals with infantile-, juvenile-, or
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adult-onset serine deficiency. Pathogenic variants in nonlethal phenotypes were primarily located in the
regulatory domain (63%). To date, the number of nonsense variants reported is very limited, even in individuals
with Neu-Laxova syndrome. The authors are not aware of individuals with biallelic nonsense variants, which
may lead to an early lethal phenotype.

Prevalence

The prevalence of serine deficiency disorders is not known. It is estimated that there are more than 50 affected
individuals reported.

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with germline
pathogenic variants in PHGDH, PSAT1, or PSPH.

Differential Diagnosis

ASCT1 transporter deficiency, GOT2 deficiency, and other selected disorders with clinical and/or biochemical
features that may resemble serine deficiency disorders are summarized in Table 2.

Note: Given the first step in the synthesis of L-serine is an oxidation-reduction (redox) reaction (see Figure 1), all
defects that affect the redox reaction (e.g., GOT1 deficiency, mitochondrial complex I deficiency) can potentially
affect the synthesis of serine and result in secondary serine deficiency.

Table 2. Genetic Disorders in the Differential Diagnosis of Serine Deficiency Disorders

Gene Disorder MOI Clinical Characteristics Laboratory Findings
« Considerable phenotypic overlap « No associated biochemical
w/serine deficiency disorders. abnormalities
Assoc w/DD, microcephaly, « Note: As ASCT1 is the major

ASCT1 transporter

SLCIA4 deficiency (OMIM AR sp.astic teFraplegf,ia, & variable trar}spc')rter ff)r.L-seripe in
616657) seizures (infantile forrr.l may ?r brain tissue, it is possible
may not be assoc w/seizures ). that a defect of ASCT1 leads
« Hypomyelination & thin corpus to an intracellular deficiency
callosum on MRI of L-serine. 2
o Early-onset encephalopathy w/
progressive microcephaly & early- o Inhibited synthesis of serine
onset seizures (seizures are results in secondary serine
GOT?2 deficiency pyridoxine & L-serine deficiency.
GOT2 AR 13 . Y
(OMIM 618721) responsive). o Inaddition, citrulline may
« Atrophy & white matter be ? & ammonia & lactate
abnormalities w/thin corpus are mildly 1.

callosum on MRI


https://omim.org/entry/616657
https://omim.org/entry/618721
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Table 2. continued from previous page.

Gene Disorder MOI Clinical Characteristics Laboratory Findings
« Infants w/classic Menkes disease
appear healthy until age 1.5-3
mos, when loss of developmental
milestones, hypotonia, seizures, &  Low plasma & CSF serine values
Menkes disease (See poor weight gain occur. Diagnosis ~ were observed in multiple boys w/
ATP7A-Related is usually suspected when infants Menkes disease-related early-onset
ATP7A XL g . . . .
Copper Transport exhibit neurologic findings & intractable seizures & severe
Disorders.) characteristic hair changes. hypotonia (mechanism of low serine
o Cerebral & cerebellar atrophy w/ in these boys is unknown). 2
ventriculomegaly, delayed
myelination, & vascular tortuosity
on brain MRI
Mitochondrial Severe secondary serine deficiency
. Depends on .
~40 genes 4 complex I deficiency genetic Severe DD & seizures ha.s been ob§erved in persons w/
(OMIM PS252010 & . mitochondrial complex 1
500014) etiology deficiency. 2

AR = autosomal recessive; CSF = cerebrospinal fluid; DD = developmental delay; MOI = mode of inheritance; XL = X-linked

1. Damseh et al [2015]
2. Authors, personal observations
3. van Karnebeek at al [2019]

4. See OMIM Phenotypic Series: Mitochondrial complex I deficiency, nuclear type and OMIM 500014.

Acquired disorders. Severe viral illness / encephalitis can be associated with secondary serine deficiency

[Keularts et al 2010].

Management

No clinical practice guidelines for serine deficiency disorders have been published.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with a serine deficiency disorder, the
evaluations summarized in Table 3 (if not performed as part of the evaluation that led to the diagnosis) are
recommended.


https://www.ncbi.nlm.nih.gov/books/n/gene/menkes/
https://www.ncbi.nlm.nih.gov/books/n/gene/menkes/
https://www.ncbi.nlm.nih.gov/books/n/gene/menkes/
https://omim.org/phenotypicSeries/PS252010
https://omim.org/entry/500014
https://omim.org/phenotypicSeries/PS252010
https://omim.org/entry/500014
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NADH
NAD . D-serine
A 4 = Phospholipid and ceramide
1/ 2 3 —~ ;
phosphoglycerate == phosphohydroxypyruvate <— phosphoserine — L-serine —— Nucleotlc!esynthese
Methylation and folate

5 ™ Cysteine and taurine

glycine

Figure 1. Serine synthesis

1 = D-3-phosphoglycerate dehydrogenase (encoded by PHGDH); 2 = phosphoserine aminotransferase (encoded by PSATI); 3 =
phosphoserine phosphatase (encoded by PSPH); 4 = serine racemase; 5 = serine hydroxymethyltransferase

Table 3. Serine Deficiency Disorders: Recommended Evaluations Following Initial Diagnosis

System/Concern Evaluation Comment
Neurologic i I;lgérologlc eval o To incl brain MRI

+ To incl motor, adaptive, cognitive, & speech-language eval

Development Developmental assessment . ; : .
« Eval for early intervention / special education

Neurobehavioral/ Neuropsvchiatric eval For persons age >12 yrs: screening for behavior concerns incl sleep
Psychiatric psy disturbances, ADHD, anxiety, &/or findings suggestive of ASD

o To incl eval of aspiration risk & nutritional status
o Consider eval for gastrostomy tube placement in persons w/
dysphagia &/or aspiration risk.

Gastrointestinal/  Gastroenterology / nutrition / feeding
Feeding team eval

To incl assessment of:

o Gross motor & fine motor skills
Orthopedics / physical medicine & rehab/ « Contractures & kyphoscoliosis

Musculoskeletal PT & OT eval « Mobility, ADL, & need for adaptive devices
» Need for PT (to improve gross motor skills) &/or OT (to
improve fine motor skills)
Eyes Ophthalmologic eval To assess for nystagmus & cataracts

To inform affected persons & their families re nature, MOI, &
Genetic counseling By genetics professionals ! implications of serine deficiency disorders to facilitate medical &
personal decision making

Assess need for:

o Community or online resources
Family support such as Parent to Parent; In those w/juvenile-onset serine deficiency to assess impact on
& resources « Social work involvement for family from behavioral issues
parental support;
« Home nursing referral.

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; MOI = mode of
inheritance; OT = occupational therapy; PT = physical therapy
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse


https://www.p2pusa.org/

Serine Deficiency Disorders 11

Treatment of Manifestations

Targeted Therapy

In GeneReviews, a targeted therapy is one that addresses the specific underlying mechanism of disease causation
(regardless of whether the therapy is significantly efficacious for one or more manifestation of the genetic condition);
would otherwise not be considered without knowledge of the underlying genetic cause of the condition; or could lead
to a cure. —ED

High doses of L-serine are needed to correct the serine deficiency and obtain serine values within the reference
ranges in plasma and cerebrospinal fluid (CSF). For young individuals, L-serine doses up to 500-700 mg/kg/day
are usually needed to correct the deficiency and obtain satisfactory treatment results.

o Usually, L-serine therapy is started at 200-400 mg/kg/day (given orally and divided into 4-6 doses),
because in some individuals, transient acoustic startles and myoclonus were observed with larger doses.

o The L-serine dose is gradually increased to 500-700 mg/kg/day. A dose of 400 mg/kg/day was insufficient
to prevent recurrence of seizures [Authors, personal observations].

« In some individuals who did not have a satisfactory response, glycine (200 mg/kg/day given orally and
divided into 4-6 doses) was added to L-serine treatment.

« In adolescents and adults, lower L-serine doses can be used (100-150 mg/kg/day).

Supportive Care

Supportive care to improve quality of life, maximize function, and reduce complications is recommended. This
ideally involves multidisciplinary care by specialists in relevant fields (see Table 4).

Table 4. Serine Deficiency Disorders: Treatment of Manifestations
Manifestation/Concern Treatment Considerations/Other

o Treatment w/ASM may not be required after
adequate response to L-serine therapy.

« Many ASMs may prove to be ineffective; none
has been demonstrated effective specifically
for this disorder, except L-serine therapy.

« Education of parents/caregivers !

o See Targeted Therapy w/ L-serine.
Epilepsy o Standardized treatment w/ASM by
experienced neurologist

Developmental delay / See Developmental Delay / Intellectual
Intellectual disability Disability Management Issues.
+ Feeding therapy Low threshold for clinical feeding eval &/or
Poor weight gain » Gastrostomy tube placement may be radiographic swallowing study when showing clinical
required for persistent feeding issues. signs or symptoms of dysphagia
Cataracts Treatment per ophthalmologist

Orthopedics / physical medicine & rehab / PT Consider need for positioning & mobility devices,

Spasticity & OT indl stretching to help avoid contractures disability parking placard.

& falls

Eval by neurologist w/experience in Likely need adaptations for proper daily functioning
Polyneuropathy neuromuscular diseases & mgmt by physical medicine & rehab / PT & OT
Dental issues w/L-serine There appears to be 7 risk for dental caries in persons

Preventative dental care .
oral therapy treated w/oral L-serine powder.
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Table 4. continued from previous page.
Manifestation/Concern Treatment Considerations/Other

« Ensure appropriate social work

involvement to connect families w/local . L
. » Ongoing assessment of need for palliative care
resources, respite, & support.

) . involvement &/or home nursing
. . » Coordinate care to manage multiple 1 . ;
Family/Community o Consider involvement in adaptive sports or

subspecialty appointments, equipment, Special Olympics for persons w/milder or

ications, lies.
Il’ledl'CB.tIOIlS' & supp €5 . adult-onset phenotypes.
» Provide family support in transition to

adult care.

ASM = anti-seizure medication; OT = occupational therapy; PT = physical therapy
1. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical
interventions and coping strategies for children diagnosed with epilepsy, see Epilepsy Foundation Toolbox.

Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental
delay / intellectual disability in the US; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical,
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended.
Before placement, an evaluation is made to determine needed services and therapies and an individualized
education plan (IEP) is developed for those who qualify based on established motor, language, social, or
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of
life. Some issues to consider:

« IEP services:

o An IEP provides specially designed instruction and related services to children who qualify.

o IEP services will be reviewed annually to determine whether any changes are needed.

o Special education law requires that children participating in an IEP be in the least restrictive
environment feasible at school and included in general education as much as possible, when and
where appropriate.

o Vision consultants should be a part of the child's IEP team to support access to academic material.

o Physical, occupational, and speech therapies will be provided in the IEP to the extent that the need
affects the child's access to academic material. Beyond that, private supportive therapies based on
the affected individual's needs may be considered. Specific recommendations regarding type of
therapy can be made by a developmental pediatrician.

o As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP.
For those receiving IEP services, the public school district is required to provide services until age
21.

« A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be
considered for those who require accommodations or modifications such as front-of-class seating,
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and
enlarged text.


https://www.specialolympics.org/
https://www.epilepsy.com/tools-resources/forms-resources#Epilepsy-Foundation-Toolbox
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« Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically
determined by diagnosis and/or associated cognitive/adaptive disabilities.

o Families with limited income and resources may also qualify for supplemental security income (SSI) for
their child with a disability.

Motor Dysfunction

Gross motor dysfunction

« Physical therapy is recommended to maximize mobility and to reduce the risk for later-onset orthopedic
complications (e.g., contractures, scoliosis, hip dislocation).

« Consider use of durable medical equipment and positioning devices as needed (e.g., wheelchairs, walkers,
bath chairs, orthotics, adaptive strollers).

 For muscle tone abnormalities including hypertonia or dystonia, consider involving appropriate specialists
to aid in management of baclofen, tizanidine, botulinum toxin, or orthopedic procedures.

Fine motor dysfunction. Occupational therapy is recommended for difficulty with fine motor skills that affect
adaptive function such as feeding, grooming, dressing, and writing.

Oral motor dysfunction should be assessed at each visit and feeding evaluations and/or radiographic
swallowing studies should be obtained for choking/gagging during feeds, poor weight gain, frequent respiratory
illnesses, or feeding refusal that is not otherwise explained. Assuming that the child is safe to eat by mouth,
feeding therapy (typically from an occupational or speech therapist) is recommended to help improve
coordination or sensory-related feeding issues. Feeds can be thickened or chilled for safety. When feeding
dysfunction is severe, an NG-tube or G-tube may be necessary.

Communication issues. Consider evaluation for alternative means of communication (e.g., augmentative and
alternative communication [AAC]) for individuals who have expressive language difficulties. An AAC evaluation
can be completed by a speech-language pathologist who has expertise in the area. The evaluation will consider
cognitive abilities and sensory impairments to determine the most appropriate form of communication. AAC
devices can range from low-tech, such as picture exchange communication, to high-tech, such as voice-
generating devices. Contrary to popular belief, AAC devices do not hinder verbal development of speech, but
rather support optimal speech and language development.

Social/Behavioral Concerns

Children may qualify for and benefit from interventions used in treatment of autism spectrum disorder,
including applied behavior analysis (ABA). ABA therapy is targeted to the individual child's behavioral, social,
and adaptive strengths and weaknesses and typically performed one on one with a board-certified behavior
analyst.

Consultation with a developmental pediatrician may be helpful in guiding parents through appropriate behavior
management strategies or providing prescription medications, such as medication used to treat attention-deficit/
hyperactivity disorder, when necessary.

Concerns about serious aggressive or destructive behavior can be addressed by a pediatric psychiatrist.

Surveillance

To monitor existing manifestations, the individual's response to supportive care, and the emergence of new
manifestations, the evaluations summarized in Table 5 are recommended.


https://www.asha.org/NJC/AAC/
https://www.asha.org/NJC/AAC/
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Table 5. Recommended Surveillance for Individuals with Serine Deficiency Disorders
System/Concern Evaluation Frequency

o Monitor those w/seizures as clinically indicated.

Neurologic o Assess for new manifestations such as seizures, changes in tone, & .
contractures. At each visit
Development Monitor developmental progress & educational needs.
Neurobehavioral/ . . . . At each visit in persons of school
. Behavioral assessment for anxiety, ADHD, ASD, aggression, or self-injury P
Psychiatric age
. « Measurement of growth parameters
Growth/Feeding T8 P .
 Eval of nutritional status & safety of oral intake
Gastrointestinal Monitor for constipation & feeding tube issues when present. At each visit
Respiratory Monitor for evidence of aspiration, respiratory insufficiency.

Musculoskeletal Physical medicine, OT/PT assessment of mobility, self-help skills
Dental Dental eval for 1 risk of caries assoc w/oral L-serine powder Every 6 mos

Assess family need for social work support (e.g., palliative/respite care,
home nursing, other local resources), care coordination, or follow-up At each visit
Family/Community genetic counseling if new questions arise (e.g., family planning).

At time of transition from

Assess transitional care needs. .
pediatric to adult care

®

ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; OT = occupational therapy; PT = physical therapy

Agents/Circumstances to Avoid

Avoid known triggers of seizure activity (e.g., infection, physical stress, emotional stress).

Evaluation of Relatives at Risk

It is appropriate to evaluate newborn sibs and apparently asymptomatic older and younger sibs of a proband to
identify as early as possible those who would benefit from prompt initiation of L-serine treatment. Early
treatment with L-serine can prevent the onset of neurologic abnormalities.

Prenatal testing of a fetus at risk. When the serine deficiency-causing pathogenic variants in the family are
known, prenatal testing of fetuses at risk may be performed via amniocentesis or chorionic villus sampling to
allow L-serine treatment of the mother during pregnancy as a potential treatment for the fetus [de Koning et al
2004, de Koning & Klomp 2004] and initiation of L-serine treatment as soon as possible after birth [Hart et al
2007]. There appears to be a narrow window of opportunity to prevent neurologic damage. Newborns treated
within the first month of life have better neurologic outcomes than those treated later.

Newborn sibs and apparently asymptomatic older and younger sibs

o If the pathogenic variants in the family are known, molecular genetic testing of younger at-risk sibs who
have not undergone prenatal testing should be performed immediately after birth. Those with biallelic
serine deficiency-causing pathogenic variants should be treated with L-serine immediately.

« If the pathogenic variants in the family are not known and genetic testing is not possible, biochemical tests
should be performed immediately after birth. Some diagnostic centers have reference ranges for umbilical
cord blood amino acids; this can be used as the least invasive testing in combination with fasting plasma
serine. When this is not feasible CSF serine is most reliable to diagnose serine deficiency.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.
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Pregnancy Management

There is very limited experience in the management of pregnancies in women with serine deficiency. The

authors are aware of these pregnancies resulting in healthy newborns, but long-term follow up on the outcome of
children born to mothers with serine deficiency is lacking. Affected pregnant females were monitored regularly
to ensure that plasma serine concentrations remained within the normal range with L-serine therapy and that
fetal growth parameters remained within the normal range.

See MotherToBaby for further information on medication use during pregnancy.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

Serine deficiency disorders are inherited in an autosomal recessive manner.

Risk to Family Members

Parents of a proband

o The parents of an affected child are presumed to be heterozygous for a PHGDH, PSAT1, or PSPH
pathogenic variant.

o If a molecular diagnosis has been established in the proband, molecular genetic testing is recommended
for the parents of the proband to confirm that both parents are heterozygous for a PHGDH, PSAT1, or
PSPH pathogenic variant and to allow reliable recurrence risk assessment.

« Ifa pathogenic variant is detected in only one parent and parental identity testing has confirmed
biological maternity and paternity, it is possible that one of the pathogenic variants identified in the
proband occurred as a de novo event in the proband or as a postzygotic de novo event in a mosaic parent
[Jonsson et al 2017]. If the proband appears to have homozygous pathogenic variants (i.e., the same two
pathogenic variants), additional possibilities to consider include:

o A single- or multiexon deletion in the proband that was not detected by sequence analysis and that
resulted in the artifactual appearance of homozygosity;

o Uniparental isodisomy for the parental chromosome with the pathogenic variant that resulted in
homozygosity for the pathogenic variant in the proband.

» Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

« If both parents are known to be heterozygous for a serine deficiency-causing pathogenic variant, each sib
of an affected individual has at conception a 25% chance of inheriting biallelic pathogenic variants and


https://mothertobaby.org/
https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of inheriting neither of
the familial pathogenic variants.

o Sibs who inherit biallelic pathogenic variants are expected to have a clinical phenotype similar to that
observed in the proband.

 Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband

« Individuals with severe serine deficiency are not known to have offspring.
o The offspring of an individual with a milder or adult-onset serine deficiency disorder are obligate
heterozygotes (carriers) for a pathogenic variant in PHGDH, PSAT1, or PSPH.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a serine
deficiency-causing pathogenic variant.

Carrier Detection

Carrier testing for at-risk relatives requires prior identification of the PHGDH, PSAT1, or PSPH pathogenic
variants in the family.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

Family planning

o The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

« Itis appropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are carriers or are at risk of being carriers.

Prenatal Testing and Preimplantation Genetic Testing

Once the serine deficiency-causing pathogenic variants have been identified in an affected family member,
prenatal and preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

« MedlinePlus
Phosphoglycerate dehydrogenase deficiency

« Serine Deficiency Foundation
www.serine.org

« Patiéntenvereniging voor Stofwisselingsziekten


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://medlineplus.gov/genetics/condition/phosphoglycerate-dehydrogenase-deficiency/#resources
https://www.serine.org/
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Dutch Patient Organization for Inborn Errors of Metabolism
Netherlands
www.stofwisselingsziekten.nl

Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. Serine Deficiency Disorders: Genes and Databases

Gene Chromosome Locus  Protein Locus-Specific HGMD ClinVar
Databases

PHGDH 1p12 D-3-phosphoglycerate PHGDH database =~ PHGDH PHGDH
dehydrogenase

PSATI 9q21.2 Phosphoserine PSAT1 database PSAT1 PSAT1
aminotransferase

PSPH 7pl1.2 Phosphoserine PSPH database PSPH PSPH
phosphatase

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Serine Deficiency Disorders (View All in OMIM)
172480 PHOSPHOSERINE PHOSPHATASE; PSPH
256520 NEU-LAXOVA SYNDROME 1; NLS1
601815 PHOSPHOGLYCERATE DEHYDROGENASE DEFICIENCY; PHGDHD
606879 PHOSPHOGLYCERATE DEHYDROGENASE; PHGDH
610936 PHOSPHOSERINE AMINOTRANSFERASE 1; PSAT1
610992 PHOSPHOSERINE AMINOTRANSFERASE DEFICIENCY; PSATD
614023 PHOSPHOSERINE PHOSPHATASE DEFICIENCY; PSPHD
616038 NEU-LAXOVA SYNDROME 2; NLS2

Molecular Pathogenesis

L-serine is classified as a nonessential amino acid (i.e., humans can synthesize serine from available cellular
precursors). However, given L-serine's many important cellular functions, it is considered a conditionally
essential amino acid. Synthesis of L-serine from the glycolytic intermediate 3-phopshoglycerate is the major
source of L-serine (see Figure 1). Other sources include absorption from the diet, synthesis from glycine through
serine hydroxymethyl transferases, and synthesis from breakdown of proteins and phospholipids.

L-serine cellular functions include:

+ Nucleotide synthesis and cellular proliferation;

« Folate and single-carbon metabolism (methylation);
 Phosphatidylserine, sphingolipid, and ceramide synthesis;

« Synthesis of NMDA receptor agonists glycine and D-serine.

The manifestations of serine deficiency are due to dysfunction of these metabolic pathways. The
neurodevelopmental manifestations of prenatal- and infantile-onset serine deficiency, including microcephaly,


https://www.stofwisselingsziekten.nl/
https://www.ncbi.nlm.nih.gov/gene/26227
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=26227
http://www.uniprot.org/uniprot/O43175
http://www.uniprot.org/uniprot/O43175
http://databases.lovd.nl/shared/genes/PHGDH
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=PHGDH
https://www.ncbi.nlm.nih.gov/clinvar/?term=PHGDH[gene]
https://www.ncbi.nlm.nih.gov/gene/29968
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=29968
http://www.uniprot.org/uniprot/Q9Y617
http://www.uniprot.org/uniprot/Q9Y617
http://databases.lovd.nl/shared/genes/PSAT1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=PSAT1
https://www.ncbi.nlm.nih.gov/clinvar/?term=PSAT1[gene]
https://www.ncbi.nlm.nih.gov/gene/5723
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=5723
http://www.uniprot.org/uniprot/P78330
http://www.uniprot.org/uniprot/P78330
http://databases.lovd.nl/shared/genes/PSPH
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=PSPH
https://www.ncbi.nlm.nih.gov/clinvar/?term=PSPH[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/172480,256520,601815,606879,610936,610992,614023,616038
https://www.ncbi.nlm.nih.gov/omim/172480
https://www.ncbi.nlm.nih.gov/omim/256520
https://www.ncbi.nlm.nih.gov/omim/601815
https://www.ncbi.nlm.nih.gov/omim/606879
https://www.ncbi.nlm.nih.gov/omim/610936
https://www.ncbi.nlm.nih.gov/omim/610992
https://www.ncbi.nlm.nih.gov/omim/614023
https://www.ncbi.nlm.nih.gov/omim/616038
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are due to defective prenatal and postnatal neuronal proliferation and migration. Defective phospholipid
synthesis results in hypomyelination and skin abnormalities. Seizures are likely related to disturbances in NMDA
receptor activation due to insufficient synthesis of D-serine and potentially glycine.

Treatment with L-serine restores these metabolites and normalizes serine, glycine, 5-methyltetrahydrofolate, and
D-serine levels. Phospholipids cannot be quantified after L-serine treatment, but it has been shown that cerebral
white matter expands significantly following treatment, serving as a measure of phospholipid synthesis [de
Koning et al 2000b].

Mechanism of disease causation. Loss of function

Chapter Notes
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