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Abstract

Introduction The ALDHI8AI gene, encoding delta-1-pyrroline-5-carboxylate synthase (PSCS), is responsible for an autosomal
recessive disease with severe developmental delay; more recently, ALDHI8A1 was found to be responsible for SPG9, an
autosomal dominant (AD) spastic paraplegia.

Case report We report a three-generation family with AD SPGY, initially suspected because of low citrulline on fasting plasma
amino acid chromatography (AAC). Interestingly, in two patients, the spastic paraplegia appeared during pregnancy. One subject
presented a severe childhood-onset form while another subject had a mild late-onset disease.

Conclusion The description of this family is of particular interest: it highlights the possibility of transient or permanent aggra-
vation of spastic paraplegia due to SPG9 during pregnancy, suggesting a direct link between neurological symptoms and amino
acid defect in a period of higher requirements and the potential benefit of amino acid supplementation; it underscores the value of
plasma citrulline on fasting plasma AAC as a biomarker for this disease; it shows the variable expression of the disease.

Keywords Genetics - Metabolic diseases (inherited) - Spastic paraplegia

Her sister also suffers from spastic paraplegia, still allowing
autonomous walking, which appeared during her 4th pregnan-
cy, at the age of 37 years. The eldest child of the sister suffers
from global severe motor and cognitive developmental delay

Short report

A 39-year-old woman consulted because of spastic paraplegia,
which appeared as progressive fatigue and leg stiffness during

her first pregnancy, at the age of 28. After delivery, the symp-
toms persisted and were aggravated after a fall with double
malleolus fracture; 1 year later, she required two canes, and
4 years later, she was wheelchair-bound. Neurological exami-
nation showed tetra-hyperreflexia with severe lower limb spas-
ticity and weakness and distal upper limb weakness with thenar
hypotrophy. She had short stature and no cognitive impairment.
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with microcephaly, short stature, epilepsy, ataxia, and spastic-
ity; no problems were reported during pregnancy and delivery.
The proband’s mother also suffers from progressive spastic
paraplegia since the age of 50, with autonomous walking still
possible (Fig. 1a).

The proband (I1I7) had mild spinal cord atrophy but no
cortical atrophy (Fig. 1c) and normal EMG. A genetic form
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Fig. 1 a Pedigree of the family showing the segregation of the ¢.670G>T,
p.Ala224Ser mutation in the ALDH18AI gene. Sampled individuals are
indicated with an asterisk. Individuals with the mutation are indicated as
+/—; individuals without the mutation are indicated as —/—. b Amino acid
sequence (single letter code) alignment of part of the glutamate kinase
domain of human delta-1-pyrroline-5-carboxylate synthase with the
sequence of orthologs from distant metazoan species, plants, and amoeba.
Invariant residues are highlighted in green, and highly conserved residues

are highlighted in yellow; selected conservative amino acid changes are
also highlighted. An arrow indicates alanine 224 (A), which is a conserved
amino acid and which is mutated into serine (S) (SIFT score = 0; PolyPhen-
2=0.944). ¢ Spinal and cerebral magnetic resonance images of the proband
(subject III 7). (A) sagittal T2-weighted images showing mild global
atrophy of the spinal cord. (B) Sagittal Flair-weighted image showing mild
hypoplasia of the corpus of corpus callosum. (C) Axial T1-weighted image
showing the absence of cortical atrophy

Table 1 Comparison of the principal disease features in the reported patients with SPG9A
Coutelier et al. [3] Slavotinek et al. [4]  Seri et al. [5]; Present report
Panza et al. [6]
Patients n=15 (3 families; 2 sporadic) n=9 (1 family) n=13 (1 family) n=4 (1 family)
Mutations p.Vall20Ala; p.Arg665Leu;  p.Arg252GIn p-Val243Leu p.Ala224Ser
p.Arg252GIn%;
p-Ser652Phe
Age at onset 1-49 years 8 months—adult 4 years—adult Early childhood—50 years
Lower limb pyramidal All 4/9 (2 during 12/12 (2 during pregnancy)  All (2 during pregnancy)
syndrome/spasticity pregnancy)
Upper limb amyotrophy NA 1/9 712 1/4
Mental retardation and/or dementia 3 1/9 NA 1/4
Cataract 3/15 (one late) 5/9 10/12 0/4
Vomiting, gastroesophageal reflux 1 2/9 12/12 0/4
Short stature, hip dysplasia, NA 5/9 2/12 1/4
osteoporosis
Plasma amino acid | citrulline (4/4 patients) NA | citrulline (4/6 patients) + | citrulline (3/3 patients)
chromatography (fasting state) + low pro, orn, or arg; low pro, orn, orarg; NNH;  + low pro, orn, or arg;
N NH;3 N NH;

# Mutation present in one family and in one sporadic patient

pro proline, orn omithine, arg arginine, NH; ammonium, N normal, NA not assessed



of HSP was suspected, and a complete metabolic screening,
mostly for recessive diseases, was normal. Interestingly,
fasting plasma amino acid chromatography (AAC) showed
low citrulline (7 pmol/l, normal value (nv) 18-46) and proline
(70 pmol/l; nv 90-260) with normal arginine, ornithine, and
ammonia. These findings were confirmed in a second fasting
sample, while a non-fasting AAC showed citrulline at the low
normal limit (20 pmol/l). This prompted us to search for a
mutation in the ALDHIS8AI gene, responsible for SPG9 and
encoding delta-1-pyrroline-5-carboxylate synthase (P5CS), an
enzyme that catalyzes the first common steps of proline and
ornithine biosynthesis from glutamate [1]. We found a new
heterozygous mutation (NM_002860.3:c.670G>T;
p-Ala224Ser), predicted to be likely pathogenic: the mutation
is absent in controls (gnomAD); it involves a conserved amino
acid (SIFT score = 0; PolyPhen-2 = 0.944) (Fig. 1a), located in
the glutamate kinase domain. The segregation study in the
family (Fig. 1a) allowed to subsequently confirm the mutation
in the proband’s mother (114); in proband’s sister (III5), also
showing fasting plasma hypocitrullinemia (11 pmol/l); and in
her affected son (IV5), showing low citrulline (11 pmol/l;
normal values 20-34 pmol/l), omithine (36 pmol/l; normal
values 50-100 pmol/l), and proline (119 pmol/l; normal
values 150-224 pmol/l) in fasting plasma AAC. The mutation
was not found in the two non-affected brothers (II11; I1I3).

SPGY was initially described as an autosomal recessive
(AR) disease characterized by severe developmental delay,
epilepsy, cutis laxa, joint hyperlaxity, short stature, cataract,
microcephaly, and mild or severe pyramidal syndrome [2].
Subsequently, it became clear that ALDHI8AI was the causal
gene in some families with autosomal dominant (AD) HSP
[3-5]. This dominant form differs from the AR one and is
characterized by a slowly progressive, but finally, severe
HSP, with onset mostly in adolescence or adulthood; in some
patients, motor neuropathy, spastic dysarthria, cerebellar
signs, congenital cataracts, short stature, skeletal abnormali-
ties, and learning difficulties were also reported (Table 1). The
occurrence of AD or AR inheritance for the disease-causing
effects of ALDHI8A1 mutations appears to be mutation-
specific [6]. In the AD form, the suspected mechanism of
the disease is a less efficient PSCS enzymatic activity due to
a dominant negative effect [6].

The description of this family with AD SPG9 is of partic-
ular interest. Firstly, it underscores the value of fasting plasma
citrulline as a consistent diagnostic biomarker, useful for the
screening of HSP of suspected metabolic origin [3, 6].
Secondly, it highlights that some women with AD SPG9 ex-
perience transient or permanent aggravation of the spastic
paraplegia during pregnancy [4, 5]; although we cannot ex-
clude a coincidental finding or an aggravation due to reduced
motility during the period of the pregnancy, the recurrence of
this finding suggests a direct link between neurological symp-
toms and amino acid defect in a period of higher protein

requirement, and the potential benefit of amino acid supple-
mentation. Thirdly, it shows the variable expression of the
disease, ranging from the more frequent adult-onset HSP to
the childhood-onset form with motor and cognitive develop-
mental delay [4, 5]. The potential benefit of a specific amino
acid supplementation still needs to be evaluated.
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