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ABSTRACT

BACKGROUND AND PURPOSE: Aspartylglucosaminuria is a rare lysosomal storage disorder that causes slowly progressive, child-
hood-onset intellectual disability and motor deterioration. Previous studies have shown, for example, hypointensity in the thalami
in patients with aspartylglucosaminuria on T2WI, especially in the pulvinar nuclei. Susceptibility-weighted imaging is a neuroimaging
technique that uses tissue magnetic susceptibility to generate contrast and is able to visualize iron and other mineral deposits in
the brain. SWI findings in aspartylglucosaminuria have not been reported previously.

MATERIALS AND METHODS: Twenty-one patients with aspartylglucosaminuria (10 girls; 7.4–15.0 years of age) underwent 3T MR
imaging. The protocol included an SWI sequence, and the images were visually evaluated. Thirteen patients (6 girls, 7.4–15.0 years of
age) had good-quality SWI. Eight patients had motion artifacts and were excluded from the visual analysis. Thirteen healthy chil-
dren (8 girls, 7.3–14.1 years of age) were imaged as controls.

RESULTS: We found a considerably uniform distribution of decreased signal intensity in SWI in the thalamic nuclei in 13 patients
with aspartylglucosaminuria. The most evident hypointensity was found in the pulvinar nuclei. Patchy hypointensities were also
found especially in the medial and anterior thalamic nuclei. Moreover, some hypointensity was noted in globi pallidi and substantia
nigra in older patients. The filtered-phase images indicated accumulation of paramagnetic compounds in these areas. No abnormal
findings were seen in the SWI of the healthy controls.

CONCLUSIONS: SWI indicates accumulation of paramagnetic compounds in the thalamic nuclei in patients with aspartylglucosami-
nuria. The finding may raise the suspicion of this rare disease in clinical practice.

ABBREVIATIONS: AGA 4 aspartylglucosaminidase; AGU 4 aspartylglucosaminuria; SI 4 signal intensity

Aspartylglucosaminuria (AGU) is a rare lysosomal storage
disorder causing progressive decline in intellectual and

motor functions. It is a generalized disease affecting the whole
body. The clinical picture was comprehensively described in a
previously published review article,1 but we have recently also

published new data on cognitive profiles of school-aged patients
with AGU.2 Children with AGU appear healthy at birth. An in-
fantile growth spurt and respiratory infections and hernias are
among the first signs of the disease. Delayed speech development
and clumsiness are noted in early childhood. Typical facial fea-
tures including a short and broad nose with periorbital fullness
developing during the first years.3 An abnormally slow-but-posi-
tive intellectual and motor development up to teenage years is
typical. After a relatively stable period of about 10 years up to
15 years of age, there is first a slow decline in intellectual and
motor functions up to the age of 25–28 years, followed by a more
rapid decline, finally resulting in severe mental impairment.2

There are notable individual differences, but the disease leads to
death usually before 50 years of age.

AGU is an inherited, autosomal recessive disorder caused by a
mutation in the aspartylglucosaminidase (AGA) gene located on
4q34.3.4 The disease is enriched in the Finnish population, and
about 98% of the Finnish patients with AGU are homozygous for
a specific point mutation, AGUFIN major.5 The data from the
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Human Gene Mutation Database lists .30 different AGU dis-
ease-causing mutations in the AGA gene.6 In Finland, the preva-
lence is approximately 1.7–5/100,000 live births. Sporadic cases
have been reported globally, but the worldwide incidence is
unknown.

The AGUFIN major mutation causes local misfolding and de-
ficient activity of the aspartylglucosaminidase enzyme, which
catalyzes the hydrolysis of aspartylglucosamine and other glyco-
asparagines.7 This results in accumulation of undegraded aspar-
tylglucosamine and other glycoasparagines in body fluids and
tissues of patients with AGU. Hypertrophied storage lysosomes
are present in all tissues and organs.

Therapies for many lysosomal storage disorders have im-
proved during the past decades, but no approved treatment is
currently available to cure or slow down the progression of AGU.
Recently, a chaperone treatment trial in patients with AGU was
initiated, and the patients in our study are currently participating
in the trial. The treatment exploits a small chemical compound
that functions as a pharmacologic chaperone for the mutated
AGA.8 Small molecules known as pharmacologic chaperones
bind to their protein targets and stabilize their native struc-
tures, helping mutated proteins to regain their biologic func-
tion. In preclinical studies, treatment of patient fibroblasts
with these compounds resulted in increased AGA activity and
improved lysosomal morphology in patient fibroblasts with 2
different AGU mutations.8

Previously, mouse-model studies investigating virus-mediated
gene therapy and enzyme replacement therapy in AGU have
shown some metabolic correction and decreased storage in the
brain.9,10 So far, gene therapy or enzyme replacement therapy tri-
als have not been reported in human patients with AGU. Bone
marrow transplantation was investigated on a small group of
patients with AGU, with no long-term benefit.11

Previous MR imaging studies in patients with AGU have
shown, for example, a T2 signal intensity decrease in the thalami
and cerebral and/or cerebellar atrophy at later stages of the dis-
ease. SWI is a velocity-corrected gradient-echo MR imaging
sequence with a high spatial resolution. It uses tissue magnetic
susceptibility differences to generate contrast,12,13 providing in-
formation about tissues that have a different susceptibility than
the surrounding tissues. The susceptibility difference can be
caused by substances such as deoxygenated blood, hemosiderin,
ferritin, and calcium. Filtered-phase images can be used to differ-
entiate between paramagnetic substances (ie, iron) and diamag-
netic substances (calcium).14 The paramagnetic and diamagnetic
substances have opposite signal intensities on filtered-phase
images, but the particular signal intensity depends on the scanner
and the manufacturer. If the scanner is so-called “left-handed,”
the paramagnetic substances appear bright in the filtered-phase
images, whereas if the scanner is “right-handed,” the paramag-
netic substances appear dark.

SWI has several clinical applications in the neuroimaging
field. The method has been used to monitor the amount of iron
in the brain in various diseases and conditions, including aging,
Alzheimer disease, stroke, trauma, tumors, and multiple sclero-
sis.13,15,16 To our knowledge, SWI findings in AGU have not
been previously described in the literature, and our aim was to

evaluate whether SWI is able to depict mineral deposits and their
distribution in patients with AGU.

MATERIALS AND METHODS
We imaged 21 patients (10 girls, 7.4–15.0 years of age; mean,
10.9 6 2.4 years) and 13 healthy controls (8 girls, 7.3–14.1 years
of age; mean, 10.2 6 2.3 years) with MR imaging (3T Magnetom
Skyra; Siemens, Erlangen, Germany). The patients are partici-
pants of a recently initiated chaperone treatment trial, and they
were imaged before the onset of treatment. The protocol included
the following sequences: T1-weighted 3D-MPRAGE (TR = 2000
ms, TE = 2.74 ms, flip angle = 10°, thickness = 1mm, matrix =
256 � 256), FLAIR 3D (TR = 5000 ms, TE = 386 ms, TI = 1800
ms, flip angle = 120°, thickness = 1mm, matrix = 244� 244), T2-
weighted TSE axial (TR = 4000 ms, TE = 82 ms, flip angle = 150°,
thickness = 3mm, matrix = 448� 448), diffusion-weighted imag-
ing (TR = 10 160 ms, TE = 64 ms, flip angle = 180°, thickness =
3mm, matrix = 160� 160), diffusion tensor imaging (TR = 3700
ms, TE = 108 ms, flip angle = 90°, thickness = 2.4 mm, matrix =
98 � 96), and susceptibility-weighted imaging (TR = 27 ms, TE =
20 ms, flip angle = 15°, thickness = 2mm, matrix = 256 � 232).
The scanner manufacturer uses a so-called “left-handed” refer-
ence scheme in the SWI filtered-phase images.

Twelve patients were sedated for the MR imaging examina-
tion, whereas 9 patients were imaged without sedation. Eight of
these unsedated patients had motion artifacts and were excluded
from the SWI analysis, so images of altogether 13 patients (6 girls,
7.4–15.0 year of age; mean, 11.2 6 2.5 years) were analyzed by 2
radiologists (A.T. and T.A.).

The study was approved by the local ethical committee.
Written informed consent was obtained from the parents of the
participants because the participants were minors and intellectu-
ally disabled.

RESULTS
Interestingly, all 13 patients with good-quality SWI showed a
highly similar distribution of hypointensity in the thalamic
nuclei (Fig 1). The most evident hypointensity was found in
the pulvinar nuclei. Patchy hypointensities were also found,
especially in the medial and anterior nuclei. Moreover, some
hypointensity was noted in the globi pallidi in 6 of the patients,
especially in the medial aspect. In 5 patients between 11.5 and
15.0 years of age, hypointensity was also evident in the sub-
stantia nigra. The filtered-phase images indicated accumula-
tion of paramagnetic compounds in these areas (Fig 2). No
microhemorrhages, lobar hemorrhages, or signs of subarach-
noid hemorrhage were seen.

In T2WI, a signal intensity (SI) decrease was seen in all
patients in the thalami, with a more intense decrease in the pulvi-
nar nuclei, which is a previously described typical finding in
AGU.17 The SI in the thalami was normal on T1WI in all
patients. Mild T2 hyperintensity in the WM was found in all
patients, especially in the periventricular and deep white mat-
ter. A more intense thin lining of periventricular hyperinten-
sity was seen in the FLAIR images in nearly all patients.
Deficiencies of differentiation between gray and white matter
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in the frontal and temporal lobes were common findings. Mild
atrophy in the form of a thin corpus callosum, mildly dilated
ventricles or cortical sulci, or cerebellar atrophy was also
common in the patient group. The findings in T1- and

T2-weighted sequences correspond to previously reported typ-
ical MR imaging findings in AGU.17,18 The MR imaging find-
ings are described in the On-line Table, and images of one
patient are presented in Fig 3.

In those patients with AGU who
were excluded from the SWI visual anal-
ysis due to motion artifacts, it was possi-
ble to see some SI decrease in SWI in
the thalami, but more precise evaluation
was not possible. In the healthy control
group, no abnormal SI decrease was
seen in the deep gray matter, and no
other clinically relevant findings were
noted in SWI or other sequences.

DISCUSSION
Histopathology, Cell Biology, and
Role of Iron in AGU and Some
Other Lysosomal Storage Disorders
In a study investigating the cerebral his-
topathology in patients with AGU, the
basic cortical cytoarchitecture was gen-
erally preserved, but most neurons con-
tained vacuoles that were also found in
the neurons of the deep gray matter,
including the thalami. In 2 of the 4
postmortem cases, the white matter
showed a diffuse pallor of myelin stain-
ing and some gliosis.19 Mouse model
studies have shown similar histopatho-
logic findings.20

The identity of the paramagnetic
compounds causing the SWI hypointen-
sity in the thalamic nuclei in patients

FIG 2. On the left, susceptibility-weighted axial image and magnification of the thalami in a 13-year-old boy with AGU showing the distribution
of decreased signal intensity in the thalamic nuclei. The most evident decrease is seen in the pulvinar nuclei, but a patchy signal intensity
decrease is also seen in the medial and anterior nuclei. In the middle, a filtered-phase image indicates accumulation of paramagnetic compounds
in these areas. On the right, a schematic illustration of the nuclei of the left thalamus (figure from the atlas by Morel used with permission29).
Copyright © 2019 From Stereotactic Atlas of the Human Thalamus and Basal Ganglia by Anne Morel. Reproduced by permission of Taylor and
Francis Group, LLC, a division of Informa plc.

FIG 1. Susceptibility-weighted axial images at the level of basal ganglia and thalami. A, A healthy
control, an 11-year-old girl with normal findings. B–F, Five patients with AGU at different ages
(7.9, 9.5, 11.4, 13.8, and 14.2 years) show a strikingly similar distribution of hypointensity in deep
gray matter structures, with a maximum-intensity decrease in the pulvinar nuclei. Patchy
decrease is also noted in the medial and anterior thalamic nuclei. Some signal intensity decrease
is also seen in the globi pallidi.
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with AGU remains unclear. For example, free radicals, iron, man-
ganese ion, or deoxyhemoglobin, each of which contain unpaired
electrons, may cause such an effect. On the basis of studies
of cell biology and iron deposition mechanisms in other lysoso-
mal storage disorders, it may be assumed that the finding in SWI
is caused by iron in some form.

There are potential explanations for iron deposition seen
especially in the thalami and other deep gray matter structures.
In the brain, most of the iron is found in the oligodendrocytes
and their processes, and there is a high oligodendrocyte density
in the deep gray matter.21 The SWI SI decrease may also be a
result of iron accumulation of the microglia. It has been proposed
that neuroinflammation is a factor in many lysosomal storage dis-
orders, and it may negatively impact neuronal survival and
contribute to neurodegeneration.22 Microglia and astrocyte acti-
vation and influx of highly iron-laden microglia in the thalami
and other structures are also possible mechanisms for iron depo-
sition visualized by SWI. In lysosomal storage disorders, substrate
accumulation disrupts the normal homeostatic function, includ-
ing iron homeostasis. The accumulation of iron and its toxic
effects, related to the increased cellular oxidative stress, may also
have an important role in the downstream cellular pathways,
resulting in cell and tissue dysfunction.23,24

In AGU, as the disease progresses, there are widespread
changes in the brain parenchyma, for example, delayed or defi-
cient myelination and, at later stages, also demyelination, neuro-
nal loss, and atrophy. It is, therefore, not possible to evaluate the
role of thalamic iron deposition and possible thalamic dysfunc-
tion in the various neuropsychiatric symptoms. However,

thalamic pathology has been shown to correlate with cognitive
dysfunction, and it may also play a role in the clinical picture of
AGU. The functions of the thalamus include relaying sensory sig-
nals as well as motor signals to the cerebral cortex, but also regu-
lation of consciousness, sleep, and alertness. Thalamocortical
connectivity is associated with diverse functions of higher level
cognitive processes, such as working and episodic memory, atten-
tion, and speed of information processing,21,25 which are
impaired in AGU as the disease progresses.

In a previous report of adolescent twins, one of whom had
AGU, the volume of the thalami was about 30% smaller in the
twin with AGU than in the healthy twin brother,26 and the differ-
ence in volume progressed during the 4-year follow-up. This may
be due to demyelination and neuronal loss. The observed SI
decrease in the T2WI and SWI seen in the present study might,
in part, be due to condensation of iron in the tissue, but there is
apparently also an increased amount of iron due to disturbed
function of lysosomes and disrupted iron homeostasis.

Iron deposition in the brain is a common finding in elderly
individuals, but in healthy children and adolescents, the deep GM
nuclei do not show signs of iron or other mineral deposits on
SWI. In our study, the SI decrease in the pulvinar nuclei was
noted even in the youngest participants with AGU, who were
7 years of age. It is possible that this finding could be observed
even in younger children with AGU.

Limitations and Future Aspects
The limitation of the study is the relatively small number of
patients, which is due to the rarity of the disease. In the future, it
will be interesting to see whether the emerging treatments have

FIG 3. Typical MR imaging findings in an 11-year-old girl with AGU. A, Sagittal T1WI shows a relatively thin corpus callosum and a pineal cyst. B,
Axial T2WI with typical hypointensity in the thalami and especially in the pulvinar nuclei. C, Axial T2WI shows hyperintensity in the white matter,
poor differentiation between gray and white matter especially in frontal lobe, and some mildly dilated perivascular spaces. D, Axial FLAIR image
also shows the hypointensity in the pulvinar nuclei and hyperintensity in the white matter. E and F, Axial SWI with hypointensity in the pulvinar
and medial and anterior nuclei in the thalami. G–I, Axial DWI and ADC images show no signs of restricted diffusion.
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an effect on the MR imaging findings in AGU, including the dep-
osition of paramagnetic compounds seen in SWI. Quantitative
susceptibility mapping, which is a novel technique for the assess-
ment of magnetic tissue susceptibility differences,27,28 might also
be used to determine disease-related iron concentration in AGU.

CONCLUSIONS
SWI showed a recognizable distribution of SI decrease in the tha-
lamic nuclei in children and adolescents with AGU, and some of
the patients also had an SI decrease in the globi pallidi and sub-
stantia nigra. The described pattern, together with other previ-
ously described MR imaging findings, may raise the suspicion of
this rare disease when observed in patients with an unknown di-
agnosis in clinical practice. This will be increasingly important
when, hopefully, there is an efficient treatment available for this
disease in the near future.
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