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Background: GMI1 gangliosidosis is an autosomal recessive
lysosomal storage disease caused by biallelic mutations in the GLB/
gene. Neurodegeneration, hypotonia, visceromegaly, macular cherry-
red spots, skeletal dysplasia, and coarse and dysmorphic face are the
major clinical features.

Aims: To evaluate the demographic and clinical data of patients with
GM1 gangliosidosis in a single center.

Study Design: A retrospective clinical study.

Methods: This study included patients followed at Hacettepe
University Thsan Dogramaci Children’s Hospital Pediatric Metabolism
Unit with the diagnosis of GM1 gangliosidosis between 1988 and
2021. Hospital records of the patients were reviewed for demographic,
clinical, and laboratory findings.

Results: Fourteen patients were included in the study and 10 (71.4%)
were male. The age at onset of clinical symptoms was between 0 and 5
months, and the median time to diagnosis after the first symptom was
4.3 (0-13) months. Motor delay (54%) was the most common initial
symptom. The median follow-up period was 14.8 (0.4-92.2) months.
Twelve patients (85.7%) died, and all deaths occurred before the age
of 24 months. The median survival was 21.3 (95% confidence interval,
15.5-24.9) months. Higher leukocyte beta-galactosidase activity
correlated with later age at onset (p = 0.575), later age at diagnosis
(p = 0.618), and longer diagnostic delay (p = 0.702) (p < 0.05).
Conclusion: Median survival in patients with GM1 gangliosidosis
is less than 24 months. Beta-galactosidase enzyme activity may be
associated with clinical onset and time of diagnosis in these patients.

INTRODUCTION

GM1 gangliosidosis is an autosomal recessive lysosomal storage
disease characterized by the accumulation of gangliosides,
oligosaccharides, keratan sulfate, and their derivatives.! It results
from biallelic pathogenic variants in the GLBI gene in the
chromosome 3p21.33 locus that results in insufficient activity
of the lysosomal enzyme [-galactosidase. Although the disease
is characterized by the pathological accumulation of GMI
gangliosides in the lysosomes of visceral and connective tissue
cells, the accumulation is most prominent in neurons and therefore
in the brain.>* In addition, keratan sulfate, a glycosaminoglycan,
accumulates in the liver and is excreted in the urine.* The estimated
incidence of GMI1 gangliosidosis is 1 in 100,000-200,000 live
births.!
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The clinical findings of the infantile form (type 1) of the disease
may be recognized even in the neonatal period by edema (non-
immune hydrops fetalis), hepatosplenomegaly, and skin rashes
(angiokeratomas). Patients with the infantile form usually present
with developmental delay accompanied by tonic-clonic seizures
and progressive psychomotor retardation in the first 6 months of
life. Clinical signs are variable and include neurodegeneration,
hypotonia, visceromegaly, macular cherry-red spots (in 50%
of patients), skeletal dysplasia (dysostosis multiplex similar to
mucopolysaccharidoses, including anterior beaking of vertebrae,
enlargement of the sella turcica and calvarium, etc.), and coarse and
dysmorphic facial features, including low-set ears, frontal bossing,
depressed nasal bridge, and long philtrum.’ Cardiac involvement
(hypertrophic cardiomyopathy) has been reported in patients with
certain genotypes.® Patients usually experience vision and hearing
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loss around the age of 1 year, have severe neurological disorders
accompanied by decerebration rigidity, and often die around
the age of 3-4 years.”'” While the signs of developmental delay,
regression, and involvement of peripheral tissues are prominent in
infancy, peripheral findings are more obscure later in life, and the
diagnosis of isolated neurological disease may be difficult.!" This
study aimed to describe the clinical and biochemical features of
patients with GM1 gangliosidosis diagnosed at a single center and
determine possible factors associated with clinical presentation.

MATERIALS AND METHODS

Study design and participants

This single center retrospective cross-sectional study was conducted
at Hacettepe University Thsan Dogramaci Children’s Hospital
Pediatric Metabolism Unit. The study was approved by Hacettepe
University Ethics Committee (no. 2021/21-21) on December 21,
2021. Patients followed up at our center with the diagnosis of GM1
gangliosidosis between 1988 and 2021 were included. Hospital
records of the patients were reviewed for demographic, clinical,
and laboratory findings. Fourteen patients diagnosed with GM1
gangliosidosis were included in the study.

Diagnosis of GM1 Gangliosidosis

The diagnosis was based on the blood leukocyte enzyme activity
analyse. The enzyme activity of 10 patients was determined in
our center, and the enzyme activity of the other three patients was
determined in different centers by the same enzyme purification
and fluorimetric methods. The enzyme activity of one patient was
low, but it was not noted as a numerical data. Therefore, the enzyme
level of this patient was not included in the statistical analysis.
Patients with leukocyte beta-galactosidase enzyme levels below 50
nmol/h/mg protein level or biallelic pathogenic mutations in the
GLBI gene were diagnosed with GM1 gangliosidosis.

Statistical Analysis

IBM SPSS Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. In the
descriptive statistics section, categorical variables were presented
as numbers and percentages, and numerous variable as mean +
standard deviation and median (minimum-maximum value). The
Mann-Whitney U test was used for comparison analyses between
the two groups. The relationships between some numerical
variables and beta-galactosidase enzyme activity were evaluated
by Spearman correlation analysis. The overall survival time and
rates of the patients were calculated using Kaplan-Meier analysis.
The differences between survival times according to some factors
were examined with the log rank test. The significance level was
accepted as p < 0.05.

RESULTS

Fourteen patients, all from different families, were diagnosed
with GM1 gangliosidosis at our clinic during the study period,
10 (71.4%) of whom were male. The age at onset of clinical
symptoms was between 0 and 5 months, and the median age at
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diagnosis was 6 (0-16) months. The median time to diagnosis after
the first symptom was 4.3 (0-13) months. The median follow-up
period was 14.8 (0.4-92.2) months. During follow-up, 12 (85.7%)
patients died. Parental consanguinity was present in eight patients,
and two patients had another family member diagnosed with GM1
gangliosidosis (Table 1).

Motor delay (54%) was the most common initial symptom. One
patient diagnosed presymptomatically in the newborn period (see
text) was not included in this analysis (N = 13).

Clinical findings are also summarized in Table 1. Motor delay
was the initial symptom in 54% of the patients. Eye examination
was abnormal only in one patient (bulls-eye maculopathy), and
cherry-red spot, cardiomyopathy, or scoliosis was not observed in
any of the patients. GLBI (NM_001317040.1) gene sequencing
was performed in two patients, in whom homozygous mutations
were detected, one by whole-exome sequencing (c.134C > T;
p-Pro45Leu) and the other by targeted Sanger sequencing (c.176G
> A; p.Arg59His).

Higher leukocyte beta-galactosidase activities correlated with later
age at onset, later age at diagnosis, and longer diagnostic delay
(Table 2). Similarly, the enzyme activity was significantly lower
in patients diagnosed before 6 months of age (p = 0.042) (Table 3).

When the beta-galactosidase activity was compared between
the groups according to sex, parental consanguinity, presence
of heart disease, hepatomegaly, splenomegaly, kyphosis and
angiokeratoma, no significant differences were found (p = 0.816, p
=0.317,p=0.507, p=0.776, p = 0.522, p = 0.360 and p = 0.220,
respectively) (Table 3).

In this study, the median survival of patients with GMI
gangliosidosis was 21.3 (95% confidence interval: 15.5-24.9)
months. The 1-, 2-, and 5-year survival rates were 78.6%,
23.6%, and 7.9%, respectively (Figure 1). Survival did not differ
significantly according to sex, parental consanguinity, age at
diagnosis, presence of heart disease, hepatomegaly, splenomegaly,
kyphosis, or angiokeratoma (log rank test, p > 0.05) (Table 4).

At the time of writing, two patients are still alive. The first is an
18-month-old girl born at term to consanguineous parents (first
cousins). Axial hypotonia was noted at the age of 5 months,
followed by loss of motor skills and onset of limb hypertonia
and brisk deep tendon reflexes. She was diagnosed at the age of
5 months. Beta-galactosidase activity was 1.6 nmol/h/mg protein
(normal: >50). She is currently being followed up with motor
losses and swallowing dysfunction. The result of the genetic study
of the patient is awaited.

The second surviving patient is a 7-year-old boy who presented
with developmental delay and refractory epilepsy. His medical
history revealed refractory seizures since at the age of 30 months,
and he had begun to fall frequently and walk unsteadily since the
age of 36 months. Although he can form sentences of 3-4 words,
follow commands, and climb stairs, and get dressed and undressed
without support, at the age of 7, he needed support climbing stairs
and could not dress properly by himself. Physical examination
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TABLE 1. Patient Characteristics

Gender, n (%)

Female 4 (28.6)
Male 10 (71.4)
Age of first symptom, months (n=14)

Mean + SD 1.3+1.8
Median (min - max) 0 (0-5)
Age at diagnosis, months (n=14)

Mean + SD 5.7+4.8
Median (min - max) 6 (0-16)
Time from first symptom to diagnosis**, months (n=14)

Mean + SD 4.7+4.2
Median (min - max) 4.3 (0-13)
Follow up period, months (n=14)

Mean + SD 20.4+22.8

Median (min - max) 14.8 (0.4-92.2)

Survival status, (n=14) n (%)

Dead 12 (85.7)
Alive 2 (14.3)
Parental consanguinity (n=12%), n (%)

Yes 8(66.7)
No 4(33.3)
Family history of GM1 gangliosidosis (n=11%), n (%)

Yes 2(18.2)
No 9 (81.8)
Distribution of initial symptoms of patients (n=13%)

n(%) 7 (54)
Motor delay 1(7.7)
Hearing loss 1(7.7)
Seizure 1(7.7)
Respiratory distress 2(15.2)
Hydrops fetalis/generalized edema 1(7.7)
Unknown

Global developmental delay (n=12%), n (%)

Yes 12 (100)
No 0
Neurodegeneration (n=12%*), n (%)

Yes 8 (66.7)
No 4(33.3)
Coarse facies (n=11%), n (%)

Yes 7(63.7)
No 4(36.3)
Eye examination (n=11%), n (%)

Normal 10 (90.9)
Pathological (Bulls-eye maculopathy) 1(9.1)
Heart disease (n=11%,***), n (%)

Yes** 4(36.4)
No 7(63.6)
Hepatomegaly (n=11%), n (%)

Yes 7 (63.6)
No 4(36.4)
Splenomegaly (n=11%), n (%)

Yes 6 (54.5)
No 5(45.5)
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TABLE 1. continued
Kyphosis (n=11%), n (%)
Yes 5(45.5)
No 6(54.5)
Angiokeratoma (n=11%), n (%)
Yes 3(27.3)
No 7(72.7)
Mongolian spot (n=12%), n (%)
Yes 3(25)
No 9 (75)
Beta-galactosidase enzyme level (n=13%), n (%)
Mean + SD (nmol/s/mg pr) 6.1+15.3
Median (min - max) (nmol/s/mg pr) 2 (0-57)

*Patients who do not have data in the relevant field in their files were not included in
the analysis in the relevant field. The number n in the left column shows the number of
patients for whom this data was available; n=14 unless indicated otherwise.

**] patient was diagnosed soon after birth as part of family screening (affected sibling)
before the signs and symptoms developed. Therefore, he was not included in the analysis.
*##% PFO in 1 patient, PFO and ASD in | patient, pulmonary hypertension and ASD in 1
patient, mild dextroposition in 1 patient

SD, standart deviation; Min, minimum; Max, maximum; PFO, patent foramen ovale;
ASD, atrial septal defect

TABLE 2. Variables Related to Leukocyte Beta-galactosidase Enzyme Activity
(N=13) *

Variables Beta galactosidase
enzyme activity
p (rho) p
Age at first symptom 0.575 0.049
Age at diagnosis 0.618 0.032
Time to diagnosis 0.702 0.016

p (rho): Spearman correlation coefficient

(If the absolute value of the correlation coefficient (rho) is r < 0.40, there is a weak
relationship, if it is 0.40-0.60, there is a moderate and r > 0.60 strong relationship (1).
*The patient diagnosed at birth due to family history was excluded from this analysis.

is significant for scrotal angiokeratomas, wide-based gait, limb
hypertonia, hyperactive deep tendon reflexes, ataxia, dysmetria,
intentional tremor (more prominently in the right hand), and
instantaneous backward tone loss in the whole body. Leukocyte
beta-galactosidase enzyme activity level was 10.31 nmol/h/mg/
protein (reference: 107.3 £ 35.8)

DISCUSSION

The infantile form of GM1 gangliosidosis is a severe clinical entity
known to be associated with infant mortality in most patients.
However, juvenile and adult-onset subtypes have also been
described. In our single center study, information was presented
on 14 patients with GM1 gangliosidosis, two of whom are still
alive. Although the number of patients is quite high for such a
rare disease from a single center, the number may be considered
insufficient for statistical analyses.

Turkey has quite a high rate of consanguineous marriage (24%)."
Therefore, autosomal recessive diseases are expected to be seen
more frequently.” In the study by Ozkara and Topgu', evaluating
300 patients with sphingolipidosis in Turkey, seven patients with
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TABLE 3. Association of Beta Galactosidase Enzyme Activity with Selected
Patient Characteristics (N=13)*

Variable Median Min - Max

(nmol/s/mg pr)  (nmol/s/mg pr) P
Gender 0.816'
Female (n=4) 1.8 0.8-3
Male (n=9) 2 0-57
Parental consanguinity 0.357
Yes (n=8) 2.1 0.8-57
No (n=4) 3 1.3-4
Age at diagnosis 0.042!
<6 mo (n=5) 1 0.8-2.6
>6 mo (n=7) 3 1.2-57
Heart disease 0.507
Yes (n=4) 2.1 0.8-3
No (n=7) 2.6 1-57
Hepatomegaly 0.776'
Yes (n=7) 22 0.8-57
No (n=4) 1.9 1.2-3
Splenomegaly 0.522!
Yes (n=6) 2.1 0.8-4
No (n=5) 2.6 1.2-57
Kyphosis 0.360"
Yes (n=5) 3 1.2-4
No (n=6) 1.8 0.8-57
Angiokeratoma 0.220!
Yes (n=3) 4 1.2-57
No (n=8) 2.1 0.8-3

"Mann-Whitney U test
* Since the enzyme result was not found in one patient, analyzes were performed on
N=13

GM1 gangliosidosis had been diagnosed between 1997 and 2002,
and the incidence of the disease was reported as 1/185,714. Case
reports from different centers in our country have been published,
with central nervous system involvement as the prominent finding,
in accordance with other published studies.'>!® Mongolian spot
was reported in one case. In our case series, three patients had
Mongolian spot.'®

Published literature on GM1 gangliosidosis consists mostly of
case reports and case series similar to ours; however, Lang et al.’s’
meta-analysis published in 2020 is noteworthy in that it includes 44
studies and 154 patients, which indicates that delays in crawling,
standing, and walking (motor milestones) are among the clinically
distinctive features of the disease. In our study, the first finding of
the patients was motor delay, with a rate of 50%, and this result
is compatible with the literature.”!'™!® In the published literature,
significant systemic and neurological symptoms generally
appeared before the age of 18 months.” In this published cohort,
symptom onset was usually before the age of 3 months, and first
hospital admission and diagnosis were before the age of 9 months.
Specifically, 6-18 months of interval denotes a significant period
for neurodevelopmental regression and multi-organ involvement.
In our study, the median age at diagnosis was 6 months, which
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FIG. 1. Kaplan-Meier plot of the overall survival rate

indicates that most diagnoses could be made before significant
neurodegeneration. Many early motor milestones, such as head
control, transferring objects, and sitting independently, are delayed
and the attained motor functions may be lost by neurodegeneration;
thus, monitoring the neurodevelopmental stages is important in the
follow-up of healthy children.

In our study, the enzyme level at diagnosis was significantly lower
in patients diagnosed before 6 months of age (p = 0.042). Our study
showed that the lower the beta-galactosidase enzyme activity, the
younger the age at first symptom and the age at diagnosis. The
enzyme level did not change with other demographic and clinical
data. When the factors affecting survival are evaluated in the
literature, chest physiotherapy and feeding with a tube preventing
aspiration pneumonia come to the fore. However, no study has
presented the enzyme level at diagnosis and disease course.”"” To
the best of our knowledge, this is the first case series to suggest an
association between the beta-galactosidase enzyme level and the
onset of symptoms and timing of diagnosis in GM1 gangliosidosis.

In our study, the mean follow-up period was 20.4 months, with a
median of 14.8 months. All patients who died before 24 months of
life. In the literature, most of the deaths have been reported between
12 and 24 months.'7! This result is compatible with the literature.

None of the patients in our study group received a disease-specific
treatment option. Studies have claimed that miglustat may result
in clinical improvement via substrate reduction.”*** However,
available data are limited. Studies on gene therapy with different
methods, especially adenoviral vectors, continue in some centers.”
The finding that the disease does not have a specific treatment or
cure option yet reveals the importance of prenatal diagnosis and
genetic counseling. Although the possibility of prenatal diagnosis
was possible in one of our patients because of his family history
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TABLE 4. Evaluation of Survival Rates and Log Rank Test Results (n =13)
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Log rank Overall survival, 1-year survival 2-year survival S-year survival
test months, mean =+ standard rate, % rate, % rate, %
P error*(95% CI)

All patients - 21.3(15.5-24.9) 78.6 23.6 7.9
Sex 0.644

Female 17.4 (0-40.8) 75 37.5 0
Male 21.3(17.9-24.6) 80 20 10
Age at diagnosis 0.231

<6 mo 6.9 (0-23.8) 50 16.7 0
>6 mo 21.3 (14.9-27.6) 100 333 16.7
Parental consanguinity 0.641

No 22.6 (14.2-31.1) 100 333 0
Yes 19.1 (13.1-25) 75 25 12.5
Cardiac pathology 0.687

No 21.2 (14.1-28.5) 85.7 17.1 17.1
Yes 17.4 (0-36.5) 75 25 0
Hepatomegaly 0.472

No 19.1 (12.2-25.9) 100 0 0
Yes 21.3 (11.3-31.1) 71.4 28.6 14.3
Splenomegaly 0.480

No 19.1 (12.7-25.4) 100 25 25
Yes 17.4 (0.2-34.6) 66.7 16.7 0
Kyphosis 0.544

No 19.1 (0-42.8) 66.7 444 222
Yes 21.3(17.9-24.7) 100 20 0
Angiokeratoma 0.110

No 17.4 (11.1-23.8) 75 15 0
Yes 22.7(20.4-24.9) 100 333 333

CI, confidence interval; NA, not available. *Mean + standard error is presented, as the median survival time could not be calculated

and consanguinity, the family did not use this option, and the
disease recurred in the subsequent pregnancy, resulting in death
from the same disease. This case is an example of the inadequate
adoption of genetic counseling and prenatal or preimplantation
diagnosis services in Turkey.?*?¢

The study has some limitations. The small number of patients with
genetic confirmation of the diagnosis limited the results. Other
limitations include missing data, small number of patients, and all
enzyme studies, although are performed with the same method, are
not conducted in the same center.

Our center registered information on 14 patients with GM1
gangliosidosis, two of whom are still alive. The results of this
study suggest that the lower the enzyme level, the younger the age
at initial symptoms and the age at diagnosis. Most patients had a
severe clinical course, and all deaths occurred before the age of 24
months.
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