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The first report of primary hypotonia
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mutation in a Chinese child
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Abstract

severe disorder.
Method Case report.

Background Classic Homocystinuria (HCU) is the second most treatable aminoacidopathy. It affects multiple organs
in varying degrees, and early recognition and treatment is crucial to improve the prognosis. Mutations in the CBS
gene result in classic HCU, the most common form. Genetic testing is important for the accurate diagnosis of this

Result A 6-year-old boy presented with high myopia, ectopia lentis, and hypotonia. A brain MRI showed no
abnormality, and his electromyogram implicated myogenic damage. His serum homocysteine was 277.5 umol/L
(normal < 15 pmol/L), and methionine was 352.56 umol/L (normal 0-80 umol/L); thus, he was diagnosed with classic
HCU. Compound heterozygous mutations at two different sites on the cystathionine beta-synthase (CBS) gene
(c.767G>T, c.949 A>G) were identified; the former had not been reported previously.

Conclusions This study reported a novel mutation of CBS gene (c.767G>T). To our knowledge, this is the first report
of this novel clinical manifestation of primary hypotonia in homocystinuria patients.
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Background
The worldwide prevalence of Homocystinuria (HCU) is
approximately 0.38/100,000 [1], with considerable differ-
ences between ethnic groups. Classic HCU is the most
common type of HCU and is the second most common
treatable aminoacidopathy after phenylketonuria [2].
Classic HCU is autosomal recessive and caused by an
inherited deficiency of cystathionine beta-synthase (CBS
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deficiency, OMIM 236200). It has variant clinical features
affecting multiple organs, and the most common mani-
festations include ectopia lentis, skeletal deformity (Mar-
fanoid features, scoliosis, and osteoporosis), vascular
thromboembolic, and intellectual disability [3]. Almost a
quarter of untreated patients die before the age of thirty
[4], but it is a treatable condition, with early recognition
and treatment crucial to improve the prognosis.

Herein, we report a novel mutation of the CBS gene
and a new clinical manifestation of hypotonia. Our find-
ings may enrich our knowledge of the genotype and phe-
notype of this severe disease.
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Case presentation

A 6-year-old boy was referred to the ophthalmology
outpatient clinic of the Children’s Hospital of Fudan
University, complaining of blurred vision due to a rap-
idly progressing myopia (-3.00 DS to about-10.00 DS
in the past 1.5 years). A binocular lens dislocated to the
superonasal was detected by ophthalmologic examina-
tion (Fig. 1). The visual acuity with his old spectacles
was 20/200 in both eyes, with a refractive error of -9.00/-
4.50x 175 in the right eye and -8.00/-3.50x 175 in the
left eye. The best corrected visual acuity was 20/50 and
20/40 in the right and left eyes.

His serum homocysteine (Hcy) level was 277.5 umol/L
(normal <15 pmol/L), and methionine was 352.56 pmol/L
(normal 0-80 pmol/L). The patient was diagnosed with
classic HCU.

A physical examination did not reveal obvious skeletal
malformations. His IQ was 72 (normal>70) according to
the Wechsler Intelligence Scale for Children in Chinese
(WISC-C) [5]. As the boy presented with no clinical
manifestations of thrombosis, no further examinations
were performed.

The patient was 130 cm tall and weighed 22 Kg, with
no apparent marfanoid features. He was prone to occa-
sionally falling when walking and had difficulty jumping
as high as the peer average (additional file). His physi-
cal examination revealed normal limb muscle strength.
On manual palpation of the muscles and passive motion
assessment of the joints, the child was found to have
mildly decreased muscle tone and joint hyperextensibil-
ity. The electromyogram showed a motor unit potential
(MUP) with a small, short multiphase in the tibialis ante-
rior, deltoid, biceps brachii, and vastus medialis, as well
as normal motor and sensory nerve conduction velocity
and amplitude in the detected muscles. The head MRI
was unremarkable (Fig. 2).

The child was classified as the B6-nonresponsive type
based on the pyridoxine responsiveness test and was
treated with vitamin B6 in combination with oral beta-
ine. The patient had low medication adherence, and his

Fig. 1 Slit-lamp examination showed a superonasal displacement of the
crystalline lens. The white arrow indicates the edge of the dislocated lens

Page 2 of 6

Fig. 2 Brain MRI showed no abnormality

serum Hcy level decreased to about 150-200 umol/L.
The symptom of hypotonia did not improve significantly
until his last follow-up two years later.

Genetic analysis

The Whole Exome Sequencing (WES) was done in
this boy. Two mutations of the CBS gene, c.767G>T
(p-G256V) in exon 9 and ¢.949 A>G (p.R317G) in exon
10, were identified by comparison with the CBS reference
gene (NM_000071.3). The former had not been described
previously according to the Human Gene Mutation
Database (HGMD?®). Sanger sequencing was performed
to verify the mutated sites, and the heterozygous muta-
tion (c.767G > T) was also detected in the patient’s father
(Figs. 3 and 4a and b). However, blood samples of his
mother and elder sister had not been collected due to
impeded traffic movement during the COVID-19. The
heterozygous mutation (c.949 A >G) might theoretically
originate from his mother or be de novo. The mutations

NT

Fig. 3 Pedigree of the family. Black symbols represent affected persons
and symbols with a dot are carriers (The mother was a presumed carrier).
The proband is indicated by an arrow.NT: not tested
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Fig. 4 Sanger sequencing of the patient and his father. The mutation c.767G>T (p.G256V) was from the father

were checked in mutation databases on human popula-
tions, including the Human Gene Mutation Database
(HGMD?, http://www.hgmd.org), 1000 Genomes databa
se (http://www.internationalgenome.org/), dbSNP data-
base (https://www.ncbi.nlm.nih.gov/snp/), clinvar data-
base (https://www.ncbi.nlm.nih.gov/clinvar/), and ExAC
database (http://gnomad.broadinstitute.org). The muta-
tion ¢.767G > T had not been reported ever before.

The two variant sites were queried in the gnomAD
database (v4.1.0). The results showed that the variants
were absent from the database, indicating an extremely
low or zero frequency in the general population. This
provides population-level support for the pathogenic-
ity of the variants. Gene-level constraint for CBS was
assessed using the ClinGen Dosage Sensitivity Map. The
gene has a pLI score of 0 and a LOEUF score of 0.73 in
gnomAD, which is is consistent with its autosomal reces-
sive inheritance pattern. The pLI and LOEUF metrics
reflect gene-level constraint for loss-of-function variants
and do not directly inform the pathogenicity assessment
of the specific missense variants reported here.

In silico analyses and structural modeling

The evolutionary conservation of the mutated resi-
dues was analyzed with UCSC genome browser (http://
genome.ucsc.edu). The protein sequence of human CBS
(NP_000062.1) was aligned with sequences of the fol-
lowing orthologous proteins: Chimp, Gorilla, Rhesus,
Mouse, Cow, Goat, Dog, and Elephant, showing that resi-
dues G256 and R317 were conserved among all species
aligned (Fig. 5).

R317G G256V

3 13
Human GYDFIPTVLDRITVVDKWFKSN GKLDMLVASV[GATGGTITGIARK
Chimp GYDFIPTVLDR[TVVDKWFKSN hAIHHE\\\\LMhLI[IhI\HR
Gorilla GYDFIPTVLDR[TVVDKWFKSN hkln“l\\\\hhhhlllhl\kk
Rhe GYDFIPTVLDR[TVVDKWFKSN hhlh“l\\\\hhhhlllhI\Hk
Mouse GYDFIPTVLDIRAVVDKWFKSN «hln“z\\\\JluhlllhI\Nk
Cow GYDFIPTVLDRITVVDKWFKSN hRIUHi\\N\thhIIIh\\Hk
Goat GYDFIPTVLD[R[TVVDKWFKSN hKIU“i\\N\LMhhllIu\\RA
Dog GYDFIPTVLDIRITVVDKWFKSN Lklhui\\\\«hhhlllhI\Kk
Elephant GYDFLPTVLDRITVVDKWFKSN hAIUHi\\\\JInL]IIuI\Rk

Fig. 5 Orthologous protein sequence alignment of CBS from multiple
species. Mutated residues R317 and G256 are boxed

Crystal structural models of the wild-type (WT) and
mutant CBS proteins were conducted with the SWISS-
MODEL online server, and the predicted structures were
displayed by PyMol software (Version 2.3.0). The crystal
structure of the CBS WT protein is displayed in Fig. 6a-
c. The structural analysis was based on the coordinates
of the human CBS catalytic core in complex with heme
(PDB 1JBQ) [6], which provides the definitive spatial ref-
erence for cofactor and residue positions.

The mutant P35520_G256V was made by replacing
256Gly with Val, which turns the residue to pyridoxal
5’-phosphate and occupies more space (Fig. 6d). Residue
G256 is located in the immediate vicinity of the pyridoxal
5°-phosphate (PLP) cofactor, which is covalently bound
to the active site and indispensable for catalysis [7]. The
substitution G256V introduces a larger hydrophobic side
chain, predicted to cause steric clash with the surround-
ing structure, including the PLP-binding pocket. Given
that even subtle perturbations near PLP can severely
impair CBS activity [8], this mutation is strongly pre-
dicted to compromise enzymatic function.

P35520_G256V

Fig. 6 Demonstration of CBS protein structure under changes. The li-
gands pyridoxal 5-phosphate and protoporphyrin IX in the CBS protein
were marked in red and purple, respectively (a). To better visualize the key
residues at 256 and 317 positions, the model was laterally rotated and the
G256 and R317 were marked in the mode of lines and sticks (b, €). The mu-
tant P35520_G256V was made by replacing 256Gly with Val, which turns
the residue to pyridoxal 5-phosphate and occupied more space (d). The
mutant P35520_R317G was made by replacing 317Arg with Gly, and thus
a sharply released internal space could be seen on the relatively out layer
of the model (e)


http://www.hgmd.org
http://www.internationalgenome.org/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/clinvar/
http://gnomad.broadinstitute.org
http://genome.ucsc.edu
http://genome.ucsc.edu

Zhang et al. BMC Medical Genomics (2026) 19:83

This change may directly influence the activity of CBS
as pyridoxal PLP is in the reaction center. The mutant
P35520_R317G was made by replacing 317Arg with Gly,
and thus a sharply released internal space could be seen
on the relatively outer layer of the model, which may also
influence the structure and activity (Fig. 6e). Residue
R317 is positioned closer to the heme (protoporphyrin
IX) cofactor than G256, based on the reference struc-
ture [6]. The functional role of heme in CBS, though not
directly catalytic, is considered regulatory and important
for redox sensing and stability [9]. The mutation R317G
replaces a large, basic arginine with a small, flexible gly-
cine, creating a significant cavity on the protein surface.
While neither G256 nor R317 are established as direct
heme-liganding residues in the literature, our model
suggests that the drastic change at R317 could poten-
tially perturb the local environment of the heme-binding
region or affect inter-domain interactions. This structural
alteration is hypothesized to influence enzyme stability
or regulation.

Results

This study reported a HCU patient presented with hypo-
tonia and abnormal electromyogram. Two different sites
on the CBS gene (c.767G>T, ¢.949 A>G) were iden-
tified and the former was novel to our knowledge. In
silico analyses and 3D structural modeling supported the
pathogenicity of the mutations.

Discussion

Homocystinuria was first reported by Carson and Neil
in 1962 [10], and their follow-up studies revealed more
information about this disease [11, 12]. Classical HCU
(OMIM 236200) due to CBS deficiency is the most com-
mon form of HCU worldwide. In such patients, Hcy and
methionine levels are elevated significantly in plasma and
urine. The total plasma Hcy level is usually higher than
100 ummol/L while the methionine level is higher than
50 pmmol/L [13, 14]. The Hcy and methionine levels
detected in our patient exceeded this standard; therefore,
a diagnosis of classic HCU was made.

Although it was not obvious in our patient, patients
with classic HCU usually present with a Marfan-like
appearance, such as long limbs and arachnodactyly. The
most frequently reported clinical manifestations include
ectopia lentis, mental retardation, skeletal abnormali-
ties, and thrombosis [13, 15]. It was reported that ectopia
lentis was found in 85% of classic HCU patients [16—19].
Ocular complaints caused by a dislocated lens, such as
blurred vision and high myopia, are the earliest detected
clinical symptom in 53% of cases [20], and the same was
true in our case.

Compared to the common clinical manifestation of
HCU, abnormal muscle tone is rare, especially in the
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absence of thromboembolic disease. Previous studies
have revealed that some affected individuals presented
with dystonia [21-23], which was usually assumed to be
a sign of neurological impairment in patients with cere-
brovascular thrombosis. In fact, basal ganglia injury in
the MRI scan approved this suggestion [22]. However,
some patients present with dystonia while their cra-
nial imaging did not reveal any significant findings [24,
25], possibly because the basal ganglia microinfarct was
undetected by MRI [26]. This phenomenon is considered
primary dystonia. Muller et al. found that patients with
primary dystonia had significantly higher Hcy concen-
trations compared to healthy controls, which suggested
their inner association [27]. Neuronal excitotoxicity of
Hcy was another possible contributory factor [28]. The
dystonia could be improved by Hcy-lowering vitamin
treatments [21], which indicated the possible correlation.

To our knowledge, this is the first report of primary
hypotonia in HCU patients [6-9, 11]. The brain MRI
showed no abnormality, and his electromyogram impli-
cated myogenic damage. Although the pathophysiologi-
cal mechanism is not clear, this supports the primary
impairment of muscle. Moreover, it has been verified
that high plasma Hcy would provoke oxidative stress
and promote inflammatory response, which induces
decreased muscle mass and muscle function [29, 30] and
thus may explain the new clinical manifestation of hypo-
tonia. However, no direct evidence links HCU to primary
myogenic hypotonia, and more experimental studies are
required to investigate the relationship between HCU
and primary hypotonia. However, hypermethioninemia
secondary to HCU, in this boy, may also have contrib-
uted to his hypotonia. Previous studies have reported
that patients with hypermethioninemia due to congenital
S-adenosylhomocysteine hydrolase enzy deficiency pres-
ent with hypotonia [31-34].

The CBS gene is located on chromosome 21q22.3 and
codes a 63-KD enzymatic protein with 551 amino acids
[35]. Some mutations in CBS gene would lead to the
deficiency of the CBS enzyme activity, which is essential
for converting homocysteine to cysteine [36]. Pyridoxal
phosphate and heme are cofactors for the biochemical
activity of CBS protein [37-39].

So far, more than 200 CBS allelic variants have been
reported, and the three most frequent mutations are
1278T, G307S, and c.1224-2 A > C [40, 41]. A muta-
tion of the CBS gene at two different sites (c.949 A >
G, ¢.767G > T) was found in our case. The c.949 A > G
variation was identified previously [42, 43] but ¢.767G >
T was a novel site according to the Human Gene Muta-
tion Database. As a validation, the heterozygous muta-
tion (c.767G > T) was proved in the patient’s father. The
boy could be determined as having a compound hetero-
zygous mutation according to the ClinGen Sequence
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Variant Interpretation Recommendation for in trans Cri-
terion (PM3) - Version 1.0 (https://clinicalgenome.org/
working-groups/sequence-variant-interpretation/). The
assumption of the two variants being in trans is uncon-
firmed in the absence of maternal genotype information.
Consequently, the strength of the ACMG [44] criterion
PM3 applied here is reduced, which should be considered
when interpreting the pathogenicity of these variants.

The alignment analysis found the corresponding muta-
tions R317G and G256V located in two evolutionarily
conserved sites in the CBS enzyme. Furthermore, 3D
structural modeling analysis revealed that the two muta-
tions would change the distance between the subunit of
the CBS protein and its cofactors (pyridoxal phosphate
and heme). This structural variation might subsequently
affect its transsulfuration activity. Overall, the pathoge-
nicity of the mutations was predicted as likely pathogenic
according to ACMG guidelines [44].

Conclusion

Overall, this study reported a new clinical manifesta-
tion of primary hypotonia in a Chinese boy with classic
HCU. We detected a novel mutation of CBS gene in this
boy. Further study was required to explore the patho-
physiological mechanisms of hypotonia in HCU patients.
Whether this novel mutation is associated with this new
clinical manifestation is an interesting question and
requires further research.
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CBS Cystathionine Beta-synthase
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