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Abstract

Childhood-onset forms of hereditary spastic paraplegia are ultra-rare diseases and often present
with complex features. Next-generation-sequencing allows for an accurate diagnosis in many cases
but the interpretation of novel variants remains challenging, particularly for missense mutations.
Where sufficient knowledge of the protein function and/or downstream pathways exists, functional
studies in patient-derived cells can aid the interpretation of molecular findings. We here illustrate
the case of a 13-year-old female who presented with global developmental delay and later mild
intellectual disability, progressive spastic diplegia, spastic-ataxic gait, dysarthria, urinary urgency,
and loss of deep tendon reflexes of the lower extremities. Exome sequencing showed a novel
splice-site variant /n trans with a novel missense variant in B4GALNTI[NM_001478.5: ¢.532-
1G>C / ¢.1556G>C (p.Arg519Pro)]. Functional studies in patient-derived fibroblasts and cell
models of GM2 synthase deficiency confirmed a loss of BAGALNT1 function with no synthesis
of GM2 and other downstream gangliosides. Collectively these results established the diagnosis

of B4GALNT1-associated HSP (SPG26). Our approach illustrates the importance of careful
phenotyping and functional characterization of novel gene variants, particularly in the setting of
ultra-rare diseases, and expands the clinical and molecular spectrum of SPG26, a disorder of
complex ganglioside biosynthesis.
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Hereditary spastic paraplegia; spastic paraplegia 26; spasticity; inborn error of metabolism;
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INTRODUCTION

The hereditary spastic paraplegias (HSPs) are a heterogenous group of over 80 different
neurogenetic disorders (Blackstone, 2018). Early-onset complex forms of HSP pose a
diagnostic challenge given the often non-specific and heterogenous clinical presentation and
the fact that many are ultra-rare diseases with only a few individuals reported worldwide.
Molecular testing allows for an accurate diagnosis in many cases but the interpretation of
novel variants remains challenging, particularly for missense mutations. Where sufficient
knowledge of the protein function and/or downstream pathways exists, functional studies in
patient-derived cells can aid the interpretation of molecular findings and support a diagnosis.

Glycosphingolipids are ubiquitous constituents of cellular membranes, and their sialylated
derivatives, gangliosides, play a major role in neurons and glia (Schengrund, 2015). While
the disorders of ganglioside degradation are a well-known group of neurodegenerative
lysosomal storage diseases, only two single gene disorders of ganglioside biosynthesis,
caused by variants in the B4GALNTI and ST3GALS5 genes, have been described thus far
(Boukhris et al., 2013; Harlalka et al., 2013; Simpson et al., 2004). Reported in 13 families
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to date, bi-allelic loss-of-function variants in the B4GALNT1 gene, encoding beta-1,4- -
acetylgalactosaminyltransferase 1, the enzyme responsible for GM2, GA2, GD2 and GT2
synthesis, have been shown to lead to early-onset HSP (Boukhris et al., 2013; Dad et al.,
2017; Harlalka et al., 2013; Wakil et al., 2014). We describe the case of a 13-year-old female
who presented with a complex neurological syndrome. Exome sequencing showed a novel
splice-site variant /n trans with a novel missense variant in B4GALNTI. Functional studies
in patient-derived fibroblasts and cell models of GM2 synthase deficiency confirmed a loss-
of-function, therefore establishing the diagnosis of B4GALNTI-associated HSP (SPG26).
Our approach illustrates the importance of a careful functional characterization of novel
gene variants, particularly in the setting of ultra-rare diseases.

MATERIALS AND METHODS

Clinical characterization and molecular testing

This study was approved by the Institutional Review Board at Boston Children’s Hospital
(IRB-P00033016). Written consent was obtained. Exome sequencing was performed at
GeneDx (Gaithersburg, MD, USA). Neurofilament light chain levels in plasma were
measured using the HD-X NfL kit on the SiMoA HD-X Analyzer (Quanterix).

Analysis of missense variant spectrum and modeling of BAGALNT1 protein structure

Information on the protein sequence of human BAGALNT1 was obtained from the Universal
Protein Resource database (UniProt ID: Q00973). CADD scores (v1.6) (Rentzsch et al.,
2019) of all possible base substitutions of the B4GALNTI transcript were computed and
mapped to the corresponding protein sequence using VarMAP (Stephenson et al., 2019).
All variants were harmonized to the canonical Ensembl feature ENST00000341156.9
(NM_001478.5) of GRCh37/hg19 (Kopanos et al., 2019). Modelling of the BAGALNT1
primary protein structure and associated disease-causing variants was done using R
v4.1.0 (2021-05-18) and RStudio (v1.4.1103; RStudio, Inc.) (Neuser et al., 2021). The
3D structural model of BAGALNT1 was obtained from the AlphaFold Protein Structure
Database (Jumper et al., 2021) and a model of the p.Arg519Pro variant was created using
Discovery Studio 2021 (Dassault Systémes). Mutation energy was calculated with the
Calculate Mutation Energy/Stability module.

Antibodies and reagents

Antibodies and reagents are listed in Supplementary Table 1.

Primary fibroblast culture

Fibroblasts from the proband and a healthy unrelated control were obtained and cultured as
described previously (Behne et al., 2020; Ebrahimi-Fakhari et al., 2021).

B78 and L cell lines, BAGALNT1 cDNA expression plasmids and transfection

B78 and L cells were cultured as previously described (Bhuiyan et al., 2019).
Mutant cDNA clones were isolated using site-directed mutagenesis from the wild-type
GM2/GD2 synthase cDNA expression vector, pM2T1-1 in pMIKneo. The specific
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nucleotide substitution and a deletion of exon 6 were generated by inverse PCR

using the KOD-Plus-Mutagenesis kit (Toyobo, #SMK-101) with primer sets for each
mutation. The following primers were designed based on B4GALNTI sequence
information (Furukawa et al., 1996), and used for inverse PCR: For ¢.1556G>C
(p.Arg519Pro): Primer F(1): 1548-1569, 5’-CAAACACCCGCTGCTCTTCTTC-3’. Primer
R(1): 1529-1547, 5’-GCCATCTGGCTCTCGTCCA-3’. For ¢.532-1G>C (deletion of
181nt): Primer F(2): 713-732, 5’-TCCGGTTCTCCACCGAGGGA-3’. Primer R(2):
509-531, 5’-CTGGTATACCTCCTGACCAGAAG-3’. DPN-1 was used for digestion of
methylated template cDNA in the PCR products. After self-ligation with T4 polynucleotide
kinase and ligase, self-ligated PCR products were transformed into £. coli competent cells.
Obtained clones were expanded and confirmed by DNA sequencing. B78 and L cells

were transfected with the pMIKneo/GM2/GD2 synthase cDNAs using Lipofectamine 2000
(Invitrogen #52887).

Western Blotting

Western blotting was performed using cell extracts from transfected B78 cells as previously
described (Bhuiyan et al., 2019).

Immunocytochemistry

Forty-eight hours after transfection, B78 cells were fixed, stained and imaged on a confocal
microscope (Fluoview FVV10i, Olympus) as previously described (Bhuiyan et al., 2019).

Flow cytometry

For experiments shown in Figure 2D, fibroblasts were detached with 0.25% trypsin/EDTA,
and then stained with a fluorescently labeled beta subunit of cholera toxin (CTXb-FITC,
1:100) in PBS containing 1% bovine serum albumin. The cells were analyzed by Attune
NXT flow cytometer (Thermo Fisher Scientific). For experiments shown in Figure 2H, cell
surface expression of glycolipids was analyzed using the BDAccuri™ C6 flow cytometer
(Accuri Flow Cytometers Inc.) as described previously (Ohmi et al., 2018).

B4GALNT1 enzyme assay

Forty-eight hours after transfection, B78 cells were harvested and washed. Membrane
fractions were collected from cell pellets in ice-cold PBS containing 1mM PMSF using

a nitrogen cavitation apparatus (Parr Instrument Co.) at 300p.s.i. for 30min. After removing
nuclei by centrifugation, the supernatants were centrifuged at 40,000rpm for 1h at 4°C, and
membrane fractions were dissolved in cold 0.1M sodium cacodylate buffe (pH 7.2) and used
to measure B4GALNTL1 enzyme activity (Bhuiyan et al., 2019).

Immuno-thin-layer chromatogram (TLC)

Glycosphingolipid analysis by TLC and immuno-TLC was performed as described
previously (Go et al., 2017). Briefly, total cellular lipids were extracted using chloroform/
methanol, and acidic glycosphingolipids were separated using a DEAE-Sephadex A-25
column, followed by mild alkaline hydrolysis. After desalting, the acidic glycosphingolipids
were spotted on a TLC plate and developed with chloroform/methanol/0.2%CaCl,
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(55:45:10, viviv). Glycosphingolipids were visualized by orcinol/sulfuric acid staining. For
immuno-TLC, a developed TLC plate was dried, dipped in cyclohexane containing 0.1%
(w/v) poly-(isobutyl methacrylate) for 1min, blocked with PBS containing 1% BSA, and
stained with anti-GM2 antibody followed by horseradish peroxidase-conjugated anti-mouse
IgM.

Clinical presentation and neuroimaging

The patient was the first child of non-consanguineous parents of Puerto-Rican descent.
Pregnancy and the peri- and neonatal period were uncomplicated. First concerns arose in
infancy when the patient presented with axial hypotonia, poor head control and feeding
difficulties. Motor milestones were delayed: Unsupported sitting was achieved at 18 months,
standing at 24 months and independent walking at 30 months. Gait remained unsteady,
leading to frequent falls. Over time, the patient developed a spastic diplegia. Other domains
of development were delayed as well. She remained nonverbal until about the age of 4
years. Now at age 13 years, she can ambulate short distances independently and longer
distances with a posterior walker. She is unable to climb stairs without assistance. Longer
walking distances, i.e. more than 2-3 blocks, are associated with fatigue and muscle cramps.
She uses about 20 words and can form 2- or 3-word sentences. Her speech has become
progressively dysarthric over the years. She has urinary urgency and occasional episodes

of urinary incontinence. Autonomic symptoms include episodic discoloration of her distal
limbs usually in the setting of cold temperatures. She attends a school for children with
disabilities and requires help with all activities of daily living. There is no history of
swallowing dysfunction or seizures.

Upon last evaluation, at the age of 13-years, anthropometric data were within normal range
(height: 29%ile, weight: 28%ile, head circumference: 73%ile). There were no distinctive
facial features. Neurological examination at age 13 years was notable for mild dysarthria,
slow horizontal saccades, pseudoathetosis of the hands, weakness of the proximal legs, a
spastic diplegia with flexion-inversion contractures of the ankles, and a broad-based spastic-
ataxic gait. Muscle bulk in the lower extremities was reduced and reflexes in the lower
extremities were attenuated. Babinski sign was positive. The Spastic Paraplegia Rating Scale
score was 20/52.

Overall, this presentation seemed consistent with a syndrome in the category of early-onset
complex HSP, characterized by global developmental delay with prominently delayed motor
milestones and later mild intellectual disability, followed by progressive distal spastic
paraplegia with weakness and ankle contractures.

Routine laboratory investigations were unremarkable. Brain and lumbar spine MR imaging
showed no abnormalities. Plasma neurofilament light chain levels were elevated (203.98

+ 4.80 (CV%) vs. 25.19 £ 7.78 (CV%) in the patient’s mother). Fundoscopic exam and
optical coherence tomography of the retinal nerve fiber layer were normal. EKG and a
trans-thoracic echocardiogram showed no abnormalities.

Am J Med Genet A. Author manuscript; available in PMC 2023 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Alecu et al. Page 6

Molecular testing

Chromosomal microarray analysis was normal. Testing for repeat expansion disorders
(ATXNI, ATXNZ, ATXN3, CACNAIA, ATXN7, ATXNEOS, ATXN10, PPP2R2B,

TBP, ATN1, FXN, FMR1, RFCI) was negative. Exome sequencing showed compound
heterozygous variants in B4GALNTI (NM_001478.5): ¢.532-1G>C / ¢.1556G>C
(p.Arg519Pro). The paternally-inherited ¢.532-1G>C variant is predicted to disrupt a

splice site leading to a null variant and was thus classified as likely pathogenic based on
ACMG criteria (PVS1, PM2). The variant is absent from gnomAD exomes and genomes
(coverage = 32.2) and received pathogenic computational verdict based on 6 pathogenic
predictions from BayesDel_addAF, DANN, EIGEN, FATHMM-MKL, MutationTaster

and scSNV-Splicing versus no benign predictions. The maternally-inherited ¢.1556G>C
(p.Arg519Pro) missense variant is present in gnomAD genomes with an allele count of 9
and no homozygous cases (coverage = 31.2). It was previously classified as a variant of
unclear significance (ClinVar: VCV000848217.2, based on PM2 and BP4) with the majority
of /n silico prediction tools favoring a benign verdict. Figure 1A shows all reported variants
(also see Supplementary Table 2) and an additive model of CADD PHRED v1.6 values

for all possible missense variants in B4GALNTI across the linear protein structure. This
analysis revealed high CADD scores for most possible variants in the catalytic domain with
lower scores for those variants found closer to the N-terminal region. Most reported disease-
associated variants are located within the catalytic domain, emphasizing the functional
importance of this region. The 3D structural model of BAGALNT1 from AlphaFold database
shows that arginine 519 is located at the center of the helix (Figure 1B). Since proline

is established as a helix breaker, the arginine-to-proline mutation identified in this patient
likely destabilizes the helix. Energy calculation using Discovery Studio indicates that the
variant is less stable than wild-type by 5.6 kcal/mol. This suggests that the p.Arg519Pro
variant will likely destabilize the protein and consequently abolish its catalytic activity.
Additional gene variants, all classified as variants of uncertain significance, discovered
through exome sequencing in the proband are listed in Supplementary Table 3.

Functional characterization of novel B4AGALNT1 variants

To explore the impact of the two novel variants on B4GALNT1 (GM2/GD2/GA2 synthase)
function, experiments were carried out in cell models and primary fibroblasts from the
proband. A general overview of ganglioside biosynthesis is shown in Figure 2A. In
fibroblasts of the proband, we found a lack of GM2 and downstream gangliosides GM1

and GD1a, measured by thin layer chromatography (Figure 2B). This was confirmed by
immuno-TLC (Figure 2C). Flowcytometry for cholera toxin-labeled GM1 confirmed an
absence of this ganglioside in fibroblasts of the proband (Figure 2D). To further investigate
the impact of each mutation separately, we turned to functional assays in a cell model.

B78 cells, which lack endogenous GM2 expression (Bhuiyan et al., 2019), were transiently
transfected with cDNA plasmid encoding full-length wild-type B4GALNT1, a plasmid
carrying the ¢.1556G>C (p.Arg519Pro) missense variant or a plasmid carrying a deletion of
exon 6 since the ¢.532-1G>C variant is predicted to lead to a loss of exon 6. Western blot
from whole cell lysates showed strong expression of BAGALNT1 in B78 cells transfected
with wild-type cDNA, whereas the ¢.1556G>C (p.Arg519Pro) mutant protein was expressed
at a lower level and the plasmid carrying an exon 6 deletion showed no expression
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above background (Figure 2E). Immunocytochemistry revealed that wild-type BAGALNT1
co-localized predominately with the Golgi marker GM130, consistent with prior reports
(Bhuiyan et al., 2019). The ¢.1556G>C (p.Arg519Pro) variant showed a more dispersed
localization throughout the cytoplasm and no enrichment in the Golgi region. Exon 6 deleted
B4GALNT1 showed no staining, confirming lack of expression of a detectable protein
(Figure 2F). A cell-free /n vitro enzyme assay using membrane fractions from transfected
B78 cells, showed no detectable GM2/GD2/GA2 synthase activity for both B4GALNT1
variants (Figure 2G), contrasting with the robust enzyme activity in membranes from cells
transfected with the wild-type construct. This was confirmed by flow cytometry for GM2
and asialo-GM2 (also known as GA2), in which cells transfected with cDNA of either of the
B4GALNT1 variants revealed no evidence of GM2 or GA2 synthesis (Figure 2H).

Taken together this set of experiments confirms a loss of B4GALNTI function with lack of
GM2 biosynthesis because of the novel B4GALNTI variants discovered in the proband. We
therefore re-classify the ¢.1556G>C (p.Arg519Pro) missense variant as likely pathogenic.

DISCUSSION

This case of a young female with a complex form of HSP highlights the concept that
functional studies in patient-derived cells can aid the interpretation of molecular findings
and help establish a diagnosis. This is particularly important for ultra-rare diseases and
requires sufficient understanding of the protein function and/or downstream pathways that
are potentially affected by variants in a particular gene. BAGALNT1 is a key enzyme in the
synthesis of complex gangliosides (Furukawa et al., 2002) and knowledge of the substrate
and product of this enzyme allowed us to explore its function through various established
assays. We show that the ¢.532-1G>C splicing variant leads to lack of expression of

a functional protein whereas the ¢.1556G>C (p.Arg519Pro) missense variant leads to
reduced expression of BAGALNTL, a loss of enzyme function and abnormal intracellular
localization. Consistent with a loss of function, fibroblasts of the proband show a lack of
expression of GM2 and other downstream gangliosides.

The spectrum of disease-associated variants in B4GALNTI consists of 15 variants with
most exonic variants localizing to the catalytic domain (Supplementary Table 1). The
spectrum consists of frameshift, non-sense, in frame deletions and insertions, and missense
variants. Prior work established that all these variants lead to a loss of enzyme function
(Bhuiyan et al., 2019). Gangliosides play complex roles in CNS development, myelination,
and synaptic signaling. The motor phenotypes of B4galntI knockout mice resemble that
of SPG26 with progressive hindlimb motor impairment (Chiavegatto et al., 2000) and are
thought to be the result of progressive dysmyelination and axonal degeneration (Sheikh

et al., 1999). There seems to be at least some redundancy in the function of gangliosides

in the CNS and elevated levels of GM3 might partially compensate for the lack of GM2

in B4galntI knockout mice (Takamiya et al., 1996). This hypothesis is supported by the
observation that patients with ST3GAL5 (GM3 synthase) deficiency have a more severe
clinical phenotype (Simpson et al., 2004).
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The clinical phenotype of our proband consisted of early-onset developmental delay and
mild intellectual disability, spastic paraplegia, gait impairment, dysarthria, and urinary
symptoms. Interestingly, there were pseudoathetoid movements of the hands and deep
tendon reflexes in the lower extremity were absent, potentially indicating a peripheral
neuropathy, which is supported by nerve conduction studies performed in a small number
of patients (Boukhris et al., 2013), and similar testing in knockout mice (Takamiya et

al., 1996). The core clinical features of B4GALNTI-associated HSP are summarized in
Table 1. Disease onset is typically in early childhood with developmental delay. Progressive
spasticity of the legs is a universal feature leading to gait impairment. Distal muscle atrophy
and contractures are common. Speech is characterized by mild to moderate dysarthria. There
is intellectual impairment in most patients, typically in the mild to moderate range. Brain
MR imaging is normal or shows a pattern of non-specific white matter changes or atrophy
in a subset of patients (Boukhris et al., 2013). Current treatment for B4GALNT1-associated
HSP is directed at ameliorating symptoms but an advanced understanding of the underlying
molecular biology and the availability of viral vectors for gene delivery for CNS disorders
carries the potential for targeted therapies, i.e. gene replacement (Yang et al., 2021).

In conclusion, we report a patient with B4GALNTI1-associated HSP and expand the
molecular spectrum associated with this ultra-rare form of childhood-onset HSP. We
highlight the importance of a translational approach to evaluating novel variants using
functional assays in cell-based disease models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

200

p.Arg519Pro

300

BAGALNT1 protein structure with variant distribution.
A) Schematic of BAGALNT1 protein structure. The p.Arg519Pro missense variant
discovered in the proband is shown above the schematic. All previously published exonic
variants are shown below the schematic. The lower panel shows CADD PHRED v1.6 values
for all possible missense variants in BAGALNT1 across the linear protein structure. The

red line marks the recommended cut off of 20. B) 3D structural model of the BAGALNT1
catalytic domain (273-533) derived from the AlphaFold database (left) and a model of

the p.Arg519Pro variant generated using Discovery Studio (right). The 3D structures are
shown in a ribbon model and Arg519 (left) and Pro519 (right) are shown in stick model.
The figure was prepared using PyMol. Since proline is established as a helix breaker, the

arginine-to-proline mutation is predicted to destabilize the helix structure.
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Figure2.
Functional assays confirm a lack of BAGALNT1 function in primary fibroblasts derived

from the proband and in cell models.

A) Overview of the ganglioside biosynthesis pathway. BAGALNT1 is responsible for the
synthesis of GA2, GM2, GD2 and GT2 and downstream complex gangliosides. B) Thin-
layer chromatography of acidic glycosphingolipids from fibroblasts of a healthy control
and the proband. Glycosphingolipids were detected using orcinol-sulfuric acid reagent.
The proband’s fibroblasts lack GM2 and downstream gangliosides. C) Immuno-thin-layer
chromatography of acidic glycosphingolipids from control and proband fibroblasts, detected
using anti-GM2 antibody. This confirms the lack of GM2 in the proband’s fibroblasts.

D) Flow cytometry analysis of cell-surface staining of GM1 using CTXb-FITC (red line).
The black line indicates an unstained control sample. The proband’s fibroblasts show no
detectable levels of GM1. E) Western blotting for BAGALNT1 in whole cell lysates of
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B78 cells transfected with full length, wild-type BAGALNTL or plasmids carrying the
p.R519P mutation or a deletion of exon 6. Untransfected B78 cells do not express detectable
levels of endogenous BAGALNT1. B78 cells transfected with wild-type cDNA show robust
levels of BAGALNTL, whereas the p.R519P mutant protein is expressed at a lower level

and the plasmid carrying an exon 6 deletion shows no expression above background. F)
Immunocytochemistry for BAGALNT1 in B78 cells transfected with full length, wild-type
BAGALNT1 or plasmids carrying the p.R519P mutation or a deletion of exon 6. Wild-type
BAGALNT1 localizes predominantly to the Golgi network, marked by GM130. p.R519P
mutant BAGALNT1 shows a more diffuse, cytoplasmic distribution and exon 6 deleted
BAGALNT1 shows no expression. Scale bar = 50um. G) /n vitro BAGALNT1 enzyme
activity is diminished below the detection level in B78 cells expressing either BAGALNT1
variant. H) Flow cytometry analysis of GM2 and GA2 (also known as asialo-GM2) in

B78 cells and L cells, respectively, transfected with full length, wild-type BAGALNT1

or plasmids carrying the p.R519P mutation or a deletion of exon 6. Expression of either
BAGALNT1 variant does not lead to any detectable levels of GM2 and GA2, confirming loss
of BAGALNT1 enzyme activity.
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Table 1.

Summary of core clinical features of all patients reported with B4GALNTI-associated HSP.
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Clinical Present Wilkinson et al. | Boukhriset al. Harlalkaet al. Wakil et al. | Dad et al. Total (14
Feature Case 2005 (1 family, 2013 (7 families, | 2013 (2 families, | 2013 (2 2017 (1 families, n=42)
n=5) n=18) n=6) families, family,
n=9) n=3)
Consan- No Yes Yes: 4/7 Yes: 2/2 Yes: 2/2 Yes 71%
guinity
Age at onset Infancy ~ 7 years 2-19 years Childhood Childhood 5-8 years Childhood
Progressive Yes 5/5 18/18 6/6 9/9 3/3 100%
spastic
diplegia
Gait Spastic- Spastic: 4/5 Impaired in Spastic: 6/6 Impaired in Impaired Impaired gait:
ataxic Spastic-ataxic: 18/18 9/9 in 3/3 100%
1/5
L ower Absent Hyperreflexia: Hyperreflexia: Absent: 2/4 n.a. Normal: Hyperreflexia:
extremity 4/5 9/18 Hyperreflexia: 3/3 45%
reflexes Absent: 1/5 Absent or 1/4 Absent or
reduced: 9/18 Normal: 1/4 reduced: 42%
Normal: 13%
Distal muscle | Yes 5/5 9/18 212 9/9 0/3 68%
atrophy
Dysarthria Mild to Severe: 4/5 7118 n.a. 5/9 1/3 50%
moderate
Intellectual Mild Mild: 5/5 Mild: 13/18 Mild: 3/6 Mild: 5/9 None: 3/3 Mild: 64%
impairment Moderate: 5/18 Moderate: 2/6 Moderate: Moderate: 26%
Severe: 1/6 4/9 Severe: 3%
None: 7%
Urinary Yes n.a. 6/18 0/2 n.a. n.a. 33%
symptoms
Brain MRI Normal Normal: 5/5 Normal: 4/10 Normal: 2/2 Normal: 9/9 | Normal: Normal: 80%
Abnormal: 6/10 3/3
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