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Defects in L-serine biosynthesis are a group of autosomal recessive diseases resulting in a wide phenotypic
spectrum ranging from viable to lethal presentations and caused by variants in the three genes encoding the L-
serine biosynthesis enzymes, PHGDH, PSATI, and PSPH. Neu-Laxova syndrome (NLS) is the fetal form of this
group, characterized by multiple congenital anomalies including severe intrauterine growth retardation, cuta-
neous lesions extending from ichthyosis to severe restrictive dermopathy with ectropion and eclabion, edema,
microcephaly, central nervous system abnormalities, and flexion contractures. Here we report on two unrelated
fetuses with an attenuated phenotype of NLS, that initially evoked Taybi-Linder syndrome. They carry biallelic

pathogenic variants in the PHGDH gene. These observations expand the phenotypic continuum of L-serine
biosynthesis defects, and illustrate the phenotypic overlap between NLS and microcephalic primordial dwarfism.

1. Introduction

L-Serine is a non-essential amino acid involved in neurotransmission,
nucleotide and lipids synthesis. It plays a vital role in embryogenesis and
neurodevelopment. The de novo biosynthesis from phosphoglycerate
involves three enzymes: 3-phosphoglycerate dehydrogenase (3-PGDH),
phosphoserine aminotransferase (PSAT), and phosphoserine phospha-
tase (PSPH) (Tabatabaie et al., 2010).

Biallelic hypomorphic variants in the genes encoding for these three
enzymes, respectively PHGDH (OMIM*606879), PSATI1
(OMIM*610936), and PSPH (OMIM*172480), cause a wide clinical
spectrum, ranging from viable forms with intellectual disability, epi-
lepsy, spasticity and progressive microcephaly (OMIM#601815,
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OMIM#614023, OMIM#610992) (Tabatabaie et al., 2010), to poly-
malformative fetal forms in Neu-Laxova syndrome (NLS,
OMIM#256520, OMIM#616038) (Acuna-Hidalgo et al., 2014).

NLS is characterized by multiple congenital anomalies including
severe intrauterine growth restriction (IUGR), cutaneous lesions
extending from ichthyosis to severe restrictive dermopathy, and
hydropic appearance with edema of the hands and feet. Craniofacial
features include microcephaly, sloping forehead, proptosis, ectropion,
flat nose, round gaping mouth with eclabion, and micrognathia. Vari-
able central nervous system (CNS) abnormalities include abnormal gy-
ration, lissencephaly, and dysgenesis of the corpus callosum and the
cerebellum. Joint contractures, pterygia and syndactyly are frequently
observed due to fetal akinesia (Acuna-Hidalgo et al., 2014; Shaheen
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et al., 2014).

We report here two fetuses with biallelic pathogenic variants in the
PHGDH gene. They present with a phenotype that is intermediate be-
tween NLS and the infantile form of defective L-serine biosynthesis,
which was initially suggestive of microcephalic dwarfism on fetal im-
aging and autopsy.

2. Material and methods

The biometrics were estimated by an expert fetopathologist and fetal
growth was assessed according to the corresponding pregnancy term,
using the Usher and McLean standards growth curves (Usher and
McLean, 1969). Informed consent for genetic analysis was obtained from
the couples. DNA was extracted from parental blood samples, fetal liver
tissue (patient 1) and amniotic fluid cells (patient 2). Trio Exome
Sequencing (ES) was performed following protocols described in Sup-
porting Information.

3. Results

Patient 1 was a female fetus at 32 Weeks of Gestation (WG). The
second trimester sonogram at 22 WG showed a symmetrical IUGR with
abdominal circumference around the 5th centile, femoral length around
the 1st centile and head circumference <3rd centile (<—2 SD). The fetus
had abnormal facial features with hypertelorism and retrognatism. The
hands were clenched. The corpus callosum was thick and short, the
cerebellum was hypoplastic and the gyration was delayed (Fig. 1A-B).
Fetal cerebral MRI at 29 WG showed microcephaly, corpus callosum
dysgenesis, delayed gyration, and cerebellar hypoplasia. Array-CGH
performed on DNA extracted from amniotic fluid cells and karyotype
were normal (46,XX). Medical termination of pregnancy was performed
at 32 WG. Post-mortem examination showed a female fetus with IUGR
and severe microcephaly: weight was 841 g (corresponding to 26 WG; -
4.5 SD), crown-heel and crown-rump lengths were 38.5 cm (corre-
sponding to 29 WG; - 2.5 SD) and 24 cm (corresponding to 26 WG)
respectively, foot length was 5.5 cm (corresponding to 28 WG) and head
circumference was 22 cm (corresponding to 24 WG; - 5.5 SD). The fetus
presented with dysmorphic facial features, bilateral camptodactyly,
adducted thumbs and rocker-bottom feet. Skin was normal (Fig. 2A-I),
without ichthyotic lesion, and histology of skin samples revealed no
hyperkeratotic lesions. Neuropathological examination showed an
extremely simplified gyration, vermian hypoplasia, partial corpus cal-
losum agenesis with Probst bundles, hypoplasia of the corticospinal
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tracts, and neuronal paucity of the cranial nerve nuclei (Fig. 2J-N).
Histological examination of the eyes showed bilateral cataract (Fig. 20).
X-rays showed delayed bone maturation with shortened long bones
consistent with a gestational age of 25 WG (Fig. 2S-T). Trio ES analysis
led to the identification of compound heterozygous variants in PHGDH
(NM_006623.4): A known missense variant c.1273G>A; p.(Val425Met)
(ClinVar; [VCV000003868.4]) inherited from the mother and a novel
frameshift variant c.765delC, p.(Ala257Leufs*51) (ClinVar; submitted)
inherited from the father (details in Supporting Informations).

Patient 2 was a female fetus at 31 WG. Second-trimester ultrasound
examination revealed a symmetrical IUGR, a sloping forehead, a varus
deformity of one foot, agenesis of the corpus callosum, and a small
cerebellum. Brain abnormalities were confirmed on fetal MRI at 30 WG
showing corpus callosum agenesis, delayed gyration, cerebellar hypo-
plasia (Fig. 1C-F). Karyotype and array CGH on amniotic fluid were
normal (46,XX). The pregnancy was terminated at 31 WG. Post-mortem
external examination showed a female fetus with IUGR and severe
microcephaly: a weight of 838 g (corresponding to 26 WG; - 4 SD),
crown-heel and crown-rump lengths of 32 cm (corresponding to 24 WG;
- 6 SD) and 22 cm (corresponding to 24 WG) respectively, foot length of
4.9 cm (corresponding to 26 WG) and head circumference of 22 cm
(corresponding to 24 WG; - 4 SD). The fetus presented with arthrogry-
posis, club feet and hands, pterygia of axillae, knee and elbow flexion
contractures, and adducted thumbs. Dysmorphic facial features were
noted with sloping forehead, hypertelorism, and micrognathia. Skin was
normal, without ichthyotic lesion. Autopsy was declined by the parents.
Skeletal radiographies showed delayed bone maturation with shortened
long bones length consistent with a gestational age of 26 WG
(Fig. 2U-V). ES analysis showed a known homozygous missense variant
NM_006623.4:c.488G>A, p.(Argl63Gln) in PHGDH (ClinVar;
[VCV000139535.4]; details in Supporting Informations).

4. Discussion

Since the first report by Jaeken et al., in 1996 (Jaeken et al., 1996),
out of 45 patients with PHGDH variants were reported in 24 publications
(Fu et al., 2022), including 15 patients with NLS (Acuna-Hidalgo et al.,
2014; Shaheen et al., 2014; Abdelfattah et al., 2020; Mattos et al., 2015;
Bourque et al., 2019; Takeichi et al., 2018). Here we present on two
fetuses with a severe defect in the L-serine biosynthesis, but lacking
several major features of NLS. Termination of pregnancy was performed
for severe IUGR, microcephaly, CNS malformations and joints contrac-
tures. The presence of camptodactyly, adducted thumbs, rocker-bottom

Fig. 1. Prenatal imaging. Ultrasound of patient 1 at 22 WG (A,B). Coronal section shows absence of the posterior part of corpus callosum and the insufficient
gyration for term (A). Sagittal section shows the cerebellum hypoplasia and the enlarged posterior cistern (B).Brain fetal MRI of patient 2 performed at 29 + 1 weeks
GA (C-F) shows the absence of corpus callosum and vermis hypoplasia on sagittal T2 weighted-imaging (C-E). Coronal (D) and axial (E-F) T2 weighted-imaging
shows microcephaly and severe microencephaly with enlarged pericerebral fluid space, associated with delayed gyration compared to a control at the same term (G).
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Fig. 2. Post-abortion findings. Fetal examination (fetus 1 A-I) at 32 WG revealed sloping forehead (B-D-E), hypertelorism (C), large dysplasic ears (D,E), wide nose
(C), micrognathia (D,E), adduced thumbs (F,G), rocker bottom feet (I), macroscopic brain anomalies with spindly pyramids (J), simplified gyration with an open
sylvian fissure (K,L), cerebellar hemispheres hypoplasia (M) and vermis (N), and bilateral cataract (O: asterisks). Neuropathological examination (HES staining)
shows major hypoplasia of the pyramids (arrows) and the bulbar olives (asterisks) (P,Q) with fragmented dentate nuclei of the cerebellum (R: asterisks). Post-
abortion skeletal radiographs show a delayed bone maturation in fetus 1 at 32 WG, with absence of talar, calcaneal and pubic ossification points (S,T) and in
fetus 2 at 31 WG, with absence of talar calcification (U,V).
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feet and arthrogryposis, associated with cerebral malformations, was
suggestive of a sequence of severe fetal akinesia of neurological origin,
and with a poor prognosis. Unlike the attenuated forms of NLS reported
in two patients with prolonged survival (Shaheen et al., 2014; Abdel-
fattah et al., 2020), these fetuses did not present the classical dermato-
logical features of NLS, i.e. ichthyosis, restrictive dermopathy,
myxedematous infiltration, hand/feet edema, nor the major facial fea-
tures, namely proptosis, ectropion, eclabion, round gaping mouth and
flat nose. Interestingly, two fetuses with L-serine biosynthesis defect
without dermatological features were also reported by Abdelfattah et al.
(2020): These fetuses carried biallelic variants in PSAT1, mirroring our
patients with 3-PGDH deficiency.

However, the severity of microcephaly and IUGR in these two fetuses
was compatible with that encountered in microcephalic primordial
dwarfism, and the association of sloping forehead, contractures, delayed
bone maturation, delayed gyration and other CNS abnormalities had
initially suggested a Taybi-Linder syndrome (TALS, or type 1 Microce-
phalic Osteodysplastic Primordial Dwarfism OMIM#210710), caused by
biallelic mutations in RNU4ATAC (Edery et al., 2011; He et al., 2011)
(OMIM*601428), with a striking overlap. According to these observa-
tions, TALS and other forms of microcephalic dwarfism should be
considered as a differential diagnosis of NLS.

Our patients present an attenuated NLS form, extending the notion of
the phenotypic continuum in serine biosynthesis defects. To date, 30
different pathogenic variants in PHGDH have been identified, and 13
variants showed NLS (Fu et al., 2022).

Patient 1 carries the combination of a p.(Ala257Leufs*51) truncating
variant and a p.(Val425Met) missense variant already described in a
patient with infantile L-serine biosynthesis defect (Klomp et al., 2000) at
the homozygous state and in an exceptionally mild form with adult onset
polyneuropathy (Méneret et al., 2012). It suggests that this missense
variant could have a mild effect, explaining why the combination results
in an attenuated form of NLS.

Likewise, the homozygous p.(Arg163Gln) variant found in patient 2
has already been reported in a NLS patient who survived 1 month
(Shaheen et al., 2014). Argl63 is located in the NAD/NADP binding
domain of 3-PGDH, and participates in the activation of the enzyme by
homodimerization (Shaheen et al., 2014). The fact that this variant has
already been described in one of the rare living forms of NLS, and in
patient 1, an attenuated form, suggests some genotype-phenotype
correlation.

Current observations are insufficient to corroborate strong variant-
specific phenotypic associations, but the most obvious hypothesis
would be that of a continuum of clinical severity between fetal and
viable forms of 3-PGDH deficiency, correlated to residual enzyme ac-
tivity. Indeed, the fact that biallelic complete loss-of-function was re-
ported in only 3 cases, associated with severe fetal forms, supports this
hypothesis (Mattos et al., 2015; Takeichi et al., 2018). Moreover, the
ceramide biosynthesis, downstream of the L-serine biosynthesis
pathway, shows such examples: in acid ceramidase deficiency (ASAHI;
MIM*613468), low residual enzyme activity is associated with Farber
disease (MIM#228000) showing early multivisceral involvement, while
higher residual activity seems responsible for spinal muscular atrophy
with progressive myoclonic epilepsy (SMA-PME; #159950), with later
onset and slower progression (Elsea et al., 2020). A continuum of
severity based on residual acid sphingomyelinase enzyme activity
(SMPD1; MIM*607608) would also explain the difference in phenotype
between type A (MIM#257200, severe neurovisceral) and type B
(MIM#607616, non-neuronopathic) Niemann-Pick disease (Pavli-Per-
eira et al., 2005). This phenomenon could also explain the phenotypic
discrepancy between neuronopathic Gaucher disease (MIM#230900)
and non-neuronopathic (MIM#230800) due to beta-glucocerebrosidase
deficiency (GBA; MIM*606463). It is interesting to note that the most
severe forms of Gaucher disease sometimes present with neonatal ich-
thyosiform skin lesions with abnormalities of the stratum corneum
(Sidransky et al., 1996) reminiscent of NLS (Takeichi et al., 2018).
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Therefore, functional explorations assessing 3-PGDH activity for each
described variant will be required to confirm the hypothesis of a
genotype-phenotype correlation based on residual enzyme activity in
L-serine biosynthesis defects. 3-PGDH activity has never been evaluated
in NLS to our knowledge, but a similar approach was recently published,
with a yeast-based assay for human PSAT1 function, allowing to eval-
uate the functional impact of 1,914 amino-acid substitutions in PSAT1
(Xie et al., 2023).

Modifying factors may exist, and among them, the serine intake
during pregnancy could be decisive. Oral serine and glycine treatment in
patients with viable serine biosynthesis defect shows rapid reduction of
seizures (Jaeken et al., 1996; De Koning et al., 2002), but this treatment
usually failed to improve head growth and neurocognitive development
(Brassier et al., 2016). However, de Koning et al. (de Koning et al., 2004)
reported one prenatal diagnosis for infantile serine biosynthesis defect,
which allowed for early treatment in the mother from 20 WG. This
resulted in the normalization of the fetal head circumference and a
normal psychomotor development, without seizure at 4 years of age.
Although the benefit of such intervention is unknown in the severe forms
of 3-PGDH deficiency, this illustrates the importance of early diagnosis
in L-serine biosynthesis defects.

5. Conclusion

We report on two fetuses with 3-PGDH deficiency, lacking the main
facial and dermatological features of NLS, and compatible with micro-
cephalic dwarfism. These observations extend the phenotypic contin-
uum in L-serine biosynthesis defects to the boundary of viable and lethal
forms and illustrate the overlap with microcephalic dwarfism.
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