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Abstract: Sanfilippo syndrome, or mucopolysaccharidosis type IIT (MPS III), is a disease grouping five genetic disorders, four of them
occurring in humans and one known to date only in a mouse model. In every subtype of MPS III (designed A, B, C, D or E), a lack or
drastically decreased activity of an enzyme involved in the degradation of heparan sulfate (HS) (a compound from the group of
glycosaminoglycans (GAGs)) arises from a genetic defect. This leads to primary accumulation of HS, and secondary storage of other
compounds, combined with changes in expressions of hundreds of genes and many defects in organelles and various biochemical processes
in the cell. As a result, dysfunctions of tissues and organs occur, leading to severe symptoms in patients. Although changes in somatic organs
are considerable, the central nervous system is especially severely affected, and neurological, cognitive and behavioral disorders are the
most significant changes, making the disease enormously burdensome for patients and their families. In the light of the current lack of any
registered therapy for Sanfilippo syndrome (despite various attempts of many research groups to develop effective treatment, still no specific
drug or procedure is available for MPS III), optimizing care with a multidisciplinary approach is crucial for managing this disease and
making quality of patients’ life passable. This includes efforts to make/organize (i) accurate diagnosis as early as possible (which is not easy
due to various possible misdiagnosis events caused by similarity of MPS III symptoms to those of other diseases and variability of patients),
(ii) optimized symptomatic treatment (which is challenging because of complexity of symptoms and often untypical responses of MPS 11T
patients to various drugs), and (iii) psychological care (for both patients and family members and/or caregivers). In this review article, we
focus on these approaches, summarizing and discussing them.
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Introduction - Brief Overview of Sanfilippo Syndrome
Sanfilippo syndrome (other names: Sanfilippo disease, mucopolysaccharidosis type III, MPS III) is a rare, inherited
metabolic disease from the group of mucopolysaccharidoses (MPS), belonging to lysosomal storage diseases (LSD). The
primary biochemical defect of MPS III is lysosomal accumulation of partially degraded molecules of heparan sulfate
(HS) (a compound belonging to glycosaminoglycans (GAGs)). The HS storage is caused by mutations in genes coding
for enzymes involved in the decay of this complex carbohydrate.'™

There are five subtypes of MPS 111 (A, B, C, D, and E), classified on the basis of the kind of mutated gene, and deficiency of
specific enzyme (Table 1).>” Four of these subtypes (A, B, C, and D) have been found in humans, while subtype E is currently
known only from studies on an animal model, a mutant mice, constructed in the laboratory, with dysfunctional ARSG gene.* '°
Therefore, although incompletely degraded HS is stored in each Sanfilippo disease subtype, every individual subtype is
characterized by inhibition of decay of this GAG at specific stage of the process, being formally a separate metabolic disorder.
All these diseases are inherited in an autosomal recessive manner, as residual activity of any enzyme involved in HS
degradation at the level of 10-20% of the normal activity may ensure efficient decay process.' ™’

Because HS is present in virtually all tissues and organs, its storage affects majority of organs. Nevertheless, in
Sanfilippo syndrome, symptoms occurring in visceral organs are milder than those in other types of MPS.'"'* They
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Table | Subtypes of Sanfilippo Syndrome (Mucopolysaccharidosis Type lll; MPS IIl)

MPS 111 Phenotype Affected Gene Deficient Enzyme
Subtype MIM No. .
Name Location Locus Name(s) EC
MIM No.
UniProtKB Alternative
No.
A 252900 SGSH 17925.3 605,270 N-Sulpho-glucosamine Heparan-N-sulfatase; sulfamidase; | 3.10.1.1
sulphohydrolase sulfamate sulfohydrolase
B 252920 NAGLU 17q21.2 609,701 a-N-Acetyl- N-acetyl-a-D-glucosaminidase 3.2.1.50

glucosaminidase

mnc 252930 HGSNAT | 8pll1.21-pll.I 610,453 Heparan-o-glucosaminide- | Acetyl CoA:a-glucosamine 2.3.1.78
N-acetyl-transferase -N-acetyltransferase

o 252940 GNS 12q14.3 607,664 N-Acetyl-glucosamine Glucosamine-6-sulfatase 3.1.6.14
-6-sulfatase

IIE NG* ARSG 17q24.2 610,008 N-Glucosamine- Arylsulfatase G 3.1.6.15

3-O-sulfatase

Notes: *°NG, not given. Phenotype MIM No. has not been given for MPS IIIE as this disease was identified to date only in the constructed mouse model, and no human
patients were described yet.

include hepatomegaly, frequent infections of the respiratory system, face dysmorphology, carpal tunnel syndrome, hip
dysplasia, general skeletal problems like scoliosis, kyphosis and lumbar lordosis, hirsutism, changes in hair morphology,
and others.? On the other hand, dysfunctions of the central nervous system (CNS) occurring in MPS III are among the
most severe ones not only in the group of LSD but also within a large group of neurodegenerative disorders. All MPS II1
patients, irrespective of the subtype, develop similar CNS-related symptoms, though their intensity may vary consider-
ably between subtypes (with MPS IIIA and I1IB being considered the most severe, and MPS IIIC and IIID somewhat less
severe) and between individuals. The most characteristic symptoms of Sanfilippo syndrome include severe develop-
mental delay, cognitive decline, severe delay in speech or a lack of speech, hyperactivity, aggression-like behavior, sleep
disorders, and seizures. Importantly, MPS III patients are born without any disease symptoms which develop usually at
the age of several months or a few years.' ™ The disease is progressive, and symptoms become more and more severe in
time, which leads to a significantly shortened life span, estimated for 2-3 decades on average.”

Unfortunately, despite many attempts and intensive work of researches on various potential therapies, no specific and
effective treatment of Sanfilippo syndrome is currently available. Proposed therapeutic approaches include enzyme replace-
ment therapy, substrate reduction therapy, gene therapy, and others, however, none of them revealed sufficient efficacy in
clinical trials, and no drug for MPS III has been registered. These problems have been reviewed recently in details by various
authors'®!13717- thus, we will not focus on them in this review article. However, due to severity of the disease and a lack of
specific treatment, there are serious problems with managing this condition. Since the state of patients worsens continuously,
and the neurological and psychiatric manifestations predominate, affected people require intensive care, round the clock,
from the age of a few years to the end of life. Such a disease course is debilitating and stressful not only for patients but also
for their families and/or caregivers. Thus, optimizing care with a multidisciplinary approach is crucial for managing this
disease and for ensuring quality of life of patients and their families passable. In this paper, we will concentrate on the
difficulties of Sanfilippo disease and indicate crucial points and key aspects of MPS III patient care.

Complexity of Sanfilippo Disease Pathomechanisms

Although all subtypes of Sanfilippo syndrome are monogenic diseases, the pathomechanism of this disease is not simple.
Despite the fact that the primary biochemical defect is HS storage, this is only the initial point of severe changes that
occur in cells of patients, and then in tissues, organs and the whole organisms. Definitely, HS accumulation in lysosomes
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is not the only, or even the major problem causing dysfunctions of cells, tissues and organs. Obviously, the storage is the
onset of the disease, but it triggers a series of other events which eventually lead to dramatic consequences for the
physiology of cells and the organism. We suppose that this might be one of reasons for relatively low clinical efficacy of
potential therapies, tested to date for MPS III, which despite reducing GAG levels could not remove all symptoms. This
concerns various types of therapies, including enzyme replacement therapy (provided intrathecally), gene therapy, and
substrate reduction therapy.'® 2!

The physical storage of HS inhibits lysosomal functions; however, it is hardly possible to explain all cellular and
organismal defects observed in Sanfilippo disease solely by accumulation of this GAG.? Nevertheless, if huge amounts of
HS cannot be accommodated inside lysosomes, the undegraded molecules can remain in either the cytoplasm, due to
a block in further transport to the target organelle, or outside the cell, where GAGs play their major physiological roles.*
Moreover, overloaded lysosomes might be broken, liberating partially degraded HS molecules into the cytoplasm.
Theoretical analyses of chemical properties of incomplete HS decay products led to the proposal that chemical moieties
present at the ends of such molecules can be highly reactive and might be involved in biochemical reactions interfering
with functions of cells, especially neurons.” In fact, exposure of cells to exogenous HS fragments resulted in focal
adhesion stimulation, followed by pathological modulations of both interactions of cells with the extracellular matrix and
their migration orientation.** Moreover, the presence of high levels of HS was postulated to result in elevated amounts of
oxidative stress markers.”> As discussed thoroughly in a recent article,® oxidative imbalance causes appearance of
reactive oxygen species which interact with various biomolecules, causing their damage in MPS cells; if this occurs in
neurons, microglial activation and subsequent neurodegeneration are likely.

On the other hand, HS storage can lead to a battery of secondary changes which are considerably more destructive than the
primary agglomeration of this GAG. Blockage of lysosomal functions results in severely impaired activities of other acid
hydrolases (apart from the mutated enzyme involved in HS decay), like cathepsins,?” which leads to inefficient degradation of
various macromolecules, including dermatan sulfate,”® gangliosides,” and other compounds, like ceramides, galactosylcer-
amides and sphingomyelin.*® All of them can affect cells as severely as HS derivatives, discussed above.

The secondary changes in cell physiology apparently induce stress responses and defensive reactions which alter
expressions of many genes. Although such modulations of genes’ activities and resultant modifications of cellular
processes were rather underestimated previously,”' recent studies indicated that they can significantly contribute to the
pathomechanisms of all MPS types. Sanfilippo syndrome revealed the highest dysregulation of gene expression among
MPS diseases, with numbers of down- and up-regulated transcripts (relative to healthy cells) exceeding 700 in every
MPS III subtype.*? Such global changes in levels of transcripts and proteins encoded by them result in dysmorphology
and dysfunctions of different cellular organelles (like nucleus, mitochondria, endoplasmic reticulum, Golgi apparatus),”
as well as abnormalities in various cellular processes.>* Among them, apoptosis,>® cell activation,>® proteasomal
degradation,”” homeostasis of different ions (especially Ca®", Fe*" and Zn*"),>® signal transduction,> and cell cycle,*
are especially strongly affected. It was suggested that even behavioral disorders appearing in Sanfilippo disease and some
other MPS types might be partially caused by disturbed regulation of expression of specific genes.*' Interestingly, it
appears likely that such extensive changes in expressions of hundreds of genes in MPS cells arise from dysregulation of
a group of transcription factors and other agents involved in the control of gene expression.** Furthermore, some of these
changes in gene expression regulation could not be reversed after effective decreasing levels of stored GAGs, suggesting
that these dysfunctions are either irreversible or require additional manipulations (along with abolition of the storage) to
be corrected.*? Indeed, it was demonstrated experimentally that some cellular abnormalities could not be corrected by
reduction of GAG storage; these included changes in organelles,®® and proteasomal functions.’” Very recent investiga-
tions demonstrated that some proteins involved in the signal transduction-mediated control of gene expression, like
GPERI1 and OXTR receptors, form aggregates which arise as effects of their interactions with undegraded GAGs.*
Therefore, we suggest that the cascade of cellular changes in MPS cells may include interactions of specific control
agents (like factors involved in gene expression regulation) with GAGs, their inactivation due to formation of complexes
and aggregates, subsequent dysregulation of a battery of genes, and resultant abnormalities in structures and functions of
cellular organelles as well as in the courses of cellular processes. If interactions of the above mentioned agents with
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GAGs are sufficiently strong, or if further changes in cellular structures and functions involve formations of specific
mechanical defects, these disturbances might be impossible to reverse solely by abolition of lysosomal GAG storage.

The above hypothesis can be supported by previous findings. GAGs are known to bind to various growth factors,
exemplified by fibroblast growth factors (FGFs). In fact, proliferation of astrocytes and their differentiation are dependent
on interactions between HS and FGF2.*® It was demonstrated that intermediates of HS decay might interfere with proper
signaling by FGF2, leading to dysregulation of expression on many genes and disturbed cell differentiation.**
Furthermore, changes in levels of FGF1 and FGF2 were observed in the brains of mice used as an animal model of
Sanfilippo disease subtype B which correlated with overactivation of astrocytes.*> These types of changes cause
disruptions of cellular homeostatic networks, and provoke stress responses which, however, cannot resolve the disorders
due to their complexity and severity. Moreover, the secondary biochemical changes and global dysregulation of
expression of genes result is disturbances and inefficiencies of as important cellular responses as autophagy and
ferroptosis.*®*

The enormous dysregulations of cellular processes occurring in MPS III result in severe changes in tissues and
organs, especially in the brain. They lead to neurodegenerative processes which have been summarized and deeply

discussed recently,*®*

thus, they will not be presented in detail here. Nevertheless, it is necessary to mention that above
mentioned disturbances in cell signaling, dysfunctions of mitochondria and enhanced oxidative stress, and impaired
autophagy and ferroptosis, lead to further pathological processes, like increased neuroinflammation and defective
neurotransmission. Finally, all these disorders contribute to neuronal cell death.

Since the neurodegenerative process is not sudden but proceeds for many years, many symptoms appear in patients.
The huge complexity of changes is responsible for significant differences in the intensity of many symptoms occurring in
various patients as different pathological processes may proceed with different intensities depending on a large number of
factors. In fact, the presence of various mutations in Sanfilippo disease patients result in significant differences in severity
and the course of this condition.”®> These can be enhanced by the occurrence of untypical mutations which make

phenotypes of patients especially unusual,’®’

or even by combination of MPS III with another ultra-rare genetic
condition.>® Moreover, processes of gene expression regulation which operate with different intensities in every person,
like activities of promoters, actions of micro-RNA molecules, alternative mRNA splicing, and posttranslational mod-
ifications of proteins might considerably modulate the MPS disease phenotypes, as discussed recently.”® One specific
process which was demonstrated experimentally to affect the course of Sanfilippo disease is GAG production, which
depends on many biochemical and genetic transactions and proceeds with different intensities in various persons,
irrespectively of MPS. Synthesis of GAGs contributes to final levels of these compounds and in combination with the
presence or absence of residual activities of enzymes involved in their degradation can meaningly modulate the time of
appearance of the first symptoms as well as their se:ve:rity.60’61

All the above described complex pathomechanisms of Sanfilippo syndrome result is variability of phenotypes of
patients, differential course of the disease, and different severities of specific symptoms. In combination with a small
number of patients, they cause significant problems with proper diagnosis which can significantly influence the quality of

life of patients and their families. These problems are discussed in the next section.

Importance of Accurate Diagnosis and Diagnostic Problems in Sanfilippo

Syndrome

Because of the lack of specific and efficient therapy, and due to severity of the disease,' it is crucial to make accurate
diagnosis of Sanfilippo syndrome as early as possible to start to manage numerous problems relative early in patient’s
life. Although the biochemical and genetic diagnosis can be unequivocal by determining urinary/plasma HS levels,
measuring activity of specific lysosomal enzyme (see Table 1) in leukocytes or fibroblasts, and identifying specific

. 2,7,15,62
mutations, +715,62,63

the rarity of MPS III and variability of early symptoms make the proper diagnosis challenging. In
fact, it is common that it takes a few or even several years to diagnose Sanfilippo disease.> ®> Therefore, not the
diagnostic procedures themselves but rather difficulty in coming up with an idea to test a patient for Sanfilippo disease

prolongs a search for proper conclusion regarding MPS III. This is not only very frustrating for families and/or caregivers
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but also (or even predominantly) delays the onset of the best possible management, and exposes patients to unnecessary,
ineffective, and often burdensome medical procedures.

To understand diagnostic challenges in MPS I1I, it is crucial to remind the clinical course of patients. As mentioned in
the preceding section, patients are born without any specific symptoms. They appear between the age of a dozen of
months and 3 years.>** First, some signs of developmental slowdown can be detected, sometimes accompanied with
mild-to-moderate facial dysmorphology. Frequent cases of diarrhea and respiratory tract infection can also occur.®*
However, due to nonspecific symptoms, suspicion of Sanfilippo disease is rare at this stage, and other possible disorders
are usually considered. Then, more worrisome problems arise, including deterioration of cognitive processes, disturbance
of sleep, impulsive reactions, aggressive-like behavior, and anxiety disorders. These problems augment in time. Then, at
the age of several years, some problems with bones and joints may develop, together with deterioration of motor
functions. Finally, dementia and loss of any communication and cognitive skills progress continuously and considerably,
together with losing the ability to move and even to consume food independently. The expected life span is around 2
decades.”** However, it is necessary to stress again that disease severity and progress may differ significantly from
patient to patient, and some symptoms may be either extremely highly pronounced or not occurring at all.

Such a clinical picture of MPS III patients may cause misdiagnosis, especially at the early or middle stages of the
disease.”®* The most often false suspicion is autism spectrum disorders (ASD), predominantly due to similarities of some
symptoms of both diseases.®**® Another quite common diagnostic error is prediction of attention deficit’/hyperactivity
disorder (ADHD).**7-*® Misdiagnosis is often disturbing, as it results in the abandonment of further diagnostic
procedures and can lead to the wrong treatment. Therefore, proper diagnosis is delayed while the unmanaged disease
progresses significantly. These problems were recognized as crucial in the management of Sanfilippo syndrome, and
a special need for improving the diagnostic procedures, and for developing a clinical algorithm for the early diagnosis of
MPS 111, has been postulated.®® Importantly, progressive character of symptoms of patients which were initially
diagnosed for ASD or ADHS may indicate a possible misdiagnosis; this should stimulate next diagnostic approaches.
On the other hand, it is not an easy task as Sanfilippo disease symptoms may resemble not only ASD or ADHS, but also
other diseases. For example, joint contractures accompanied with mild neurological problems occur both at early stages
of MPS III and in juvenile idiopathic arthritis.”® Furthermore, cognitive impairment, speech difficulties, disturbed social
interactions, and aggressive-like behavior might be similar to symptoms of the Landau—Kleffner syndrome.”’’*
Misdiagnosis of the Rett syndrome, another neurogenetic disorder characterized by communication regression and
deterioration of motor skills, has also been reported in a patient who actually suffered from Sanfilippo disease.”
These examples strengthen the need for development of precise diagnostic algorithm that should be employed when
MPS 1III is suspected or even plausible.®® In fact, a diagram for the diagnostic procedures towards MPS has been
proposed recently.” However, Sanfilippo syndrome is a somewhat quaint type of this disease due to the extremely severe
neurological component and relative mild somatic defects; thus, special care must be taken when suggesting a specific
neurodegenerative disease in a child. Therefore, perhaps more precise recommendations might be suggested for diagnosis
of MPS I1I, like testing urinary GAG levels (which is a quick and cheap assay) if any cognitive problems are observed in
a child. It is also tempting to propose that whole exome sequencing (WES) should be considered when neuronopathy is
observed in a pediatric patient, as many neurodegenerative diseases are genetic disorders. Indeed, there are examples
published in the literature that WES analyses allowed final diagnosis of MPS III patients which were difficult to classify
clinically.”®”* Summary of recommended diagnostic procedures to identify Sanfilippo disease is presented in Figure 1.

Optimized Symptomatic Treatment of Sanfilippo Disease
In the light of the absence of available therapy for Sanfilippo syndrome, the only way to manage this disease is to keep
patients in as good condition as possible for a relatively long time (taking into consideration the expected life span).
There are two possible methods to achieve this, (i) optimized symptomatic treatment and (ii) psychological care. These
approaches are discussed in more detail in this and the next sections, respectively.

Definitely, the major clinical problems in MPS III are neurological, cognitive and behavioral disorders, as summar-
ized recently in an article presenting comprehensive analyses of natural histories of neuronopathic MPS types.”*
Unfortunately, symptomatic treatment of such patients is difficult, and pharmacological methods are often ineffective
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Neurocognitive
(and other)
symptoms
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Urinary GAG Whole exome
level sequencing

If elevated l l If genetic defect(s) detected

GAG pattern; Identification
Enzyme activity; of the disease
Gene mutations |

l Confirmation of the disease features

Sanfilippo disease
diagnosis

Figure | Summary of recommended diagnostic procedures to identify Sanfilippo disease.

as children with Sanfilippo disease may respond atypically to psychotropic drugs. Ensuring physically safe home
environment which allows to avoid accidental injuries is often helpful to minimize the risk of dangerous incidents.””
Risperidone treatment was suggested as a possible management of hyperactivity with some efficacy.”® Sleep disorders are
frequent in this disease, and the use of melatonin might allow patients to improve sleep deficits.”” It is important to test if
sleep apnea occurs, to support breathing mechanically if necessary.”®”’

Bone, joint and muscle disorders occur commonly in Sanfilippo disease, but they are usually not as severe as in other
MPS types. Nevertheless, symptomatic treatment of these disorders may improve the quality of life of patients. Vitamin
D supplementation can be considered as a pharmacological treatment.”® Surgery might be helpful; however, such
intervention should always be considered carefully, as MPS III patients reveal an increased risk during anesthesia.”®"*
Moreover, the procedures should not be highly invasive due to very restricted contact with patients and their difficult
convalescence after surgery.’””

Otorhinolaryngological manifestations are often among MPS III patients, and the most frequent complications include
chronic or recurrent rhinosinusitis, upper airway obstruction, hearing loss, and acute otitis media.®' Standard pharma-
cological treatment, specific for these disorders, can be used, with early antibiotic application being especially effective
in the case of infections. However, it is also recommended to consider more invasive laryngological interventions if
necessary, especially in the case of potentially life-threatening complications. Adenoidectomy, tympanostomy, and
tracheostomy were reported in MPS III patients.™'

Cardiovascular anomalies are less frequent in Sanfilippo syndrome than in other MPS types.®” Nevertheless, valvular
heart disease, aortic valve abnormalities and valvular stenosis were reported in MPS III patients,® as well as in cellular
and animal models of the disease.***> Due to the milder character of these disorders relative to the rest of MPS patients
and difficulties with convalescence of children suffering from Sanfilippo disease, invasive therapeutic methods should be
considered only if evidently necessary.

Gastrointestinal manifestations are common in MPS III patients, though they are usually underestimated relative to
the severe neurological symptoms. Nevertheless, there are cases of deaths of such patients caused by gastrointestinal
problems.®® The most severe gastrointestinal complications in MPS III, reported to date, include bleeding from the
digestive tract, hemorrhagic pancreatitis, perforation of the tract due to gastrostomies, paralytic ileus, and emaciation.®®
On the other hand, infections of the digestive tract may be exhausting for patients and such disorders can significantly
decrease the quality of life. Gut infections might be caused by untypical bacterial or viral pathogens when occurring in
MPS III; however, it is important to note that in many cases they can be effectively treated with antimicrobial agents and/
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or the use of probiotics, as reported for another MPS.®” Intolerance of specific food products occurs relatively often, and
a special diet is helpful to relieve symptoms in such cases, despite the fact that dietary treatment is believed to be
ineffective in slowing down the diseases course.

In summary, because of many different complications in the course of Sanfilippo syndrome progression, the
symptomatic treatment is important, irrespective of the fact that it cannot reverse the primary cause of the disease.
Keeping patients in relatively good condition can significantly improve the quality of life and prolong the life span.
Optimal management of musculoskeletal, otorhinolaryngological, cardiovascular, and gastrointestinal manifestations can
considerably decrease the risk of death of MPS III patients, especially in the first decade of life, and may allow to reduce
their suffering significantly. Such a care is important to both patients and their family members and/or caregivers. The
common possibilities of symptomatic treatment of patients suffering from Sanfilippo disease are summarized in Figure 2.

Psychological Approach in Sanfilippo Syndrome

As indicated in previous sections, Sanfilippo disease is a neurodegenerative disorder characterized by progressive
intellectual decline, finally resulting in severe dementia.”* In psychological approach, it is crucial to focus on neurocog-
nitive development of patients; thus, before presenting specific recommendations, we will summarize characteristic
features of this aspect of MPS III in more detail here.

According to the literature, the majority of patients with the severe, or so-called “classical”, phenotype of Sanfilippo
syndrome have normal development by the age of 2 years.'* However, on the basis of the data obtained from interviews
with parents (during the authors’ practical work) it can be concluded that developmental delays occur even earlier, but the
focus is paid to other symptoms and medical conditions. Then, the development slows down of up to full stagnation at
around the age of 3—4 years. At this time, regression of cognitive capacities occurs. Regarding the high variability of the
progression of the disease, especially from 36 to 78 months, the prediction of cognitive functioning for a single patient is
very difficult. However, the group of MPS III patients as a whole is characterized by a steady loss of skills after 54
months, and a stable low level of functioning at around 6 years of age.”* During their teenage years, the patients become
fully dependent on others’ care.! However, it should be underlined that there are also reported cases with mild
phenotypes and delayed disease progression.”®

TREATMENT

Risperidone;
Melatonin;
Supportive breathing
(if sleep apnea)

OPTIONS

MANIFESTATIONS

Physically safe
home environment;
Special care
to avoid accidents

Neuro- .
cognitive Behavioral
symptoms symptoms
Antibiotics; Gastro- A ot Vitamin D; -
Probiotics; . . Sanfilippo One, joint, Surgery (only if
S . intestinal ) and muscle necessary —
Diet (if special symptoms disease disorders ) y '
food intolerance) risk at anesthesia)
Cardio- Otorhinola-
vascular ryngological
symptoms symptoms

Surgery and other Antibiotics;
invasive methods Adenoidectomy;
only if evidently Tympanostomy;
necessary Tracheostomy
Figure 2 Possibilities of symptomatic treatments of patients suffering from Sanfilippo disease.
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The deterioration of the cognitive functioning during a child’s life results not only in intelligence quotient (IQ) loss
and skill regression but also intense behavioral abnormalities.”* This affects the patients’ and their families’ life
profoundly. Patients with the classical severe phenotype of MPS III generally reach a maximal developmental age of
approximately 3—4 years.*® Moreover, it should be considered that more than 20% of the patients show a disharmonic
developmental pattern of functioning.®® This results in some difficulties in assessing the overall development quotient
(DQ) or IQ.

In the light of the severity and progressive character of neurocognitive manifestations, early access to clinical and
psychological services is crucial for the families with children suffering from Sanfilippo disease. These services should
be prepared for the support in this challenging, rare disease. The health care institutions should provide some assistance,
especially in managing difficult behaviors.®® For the planning and evaluation of early interventions for children with
Sanfilippo disease, the assessment of behavioral, cognitive, and emotional functioning should be done. Moreover,
assessment of cognitive functioning is important to quantify the decline of intellectual abilities and to develop the
patterns of the natural history of this disease.”* What is more, the assessment will be essential in order to evaluate
treatment efficacy and for the sake of improving the quality of life.'* However, the diagnosis of cognitive functioning is
much more difficult in this group of children, especially due to behavioral problems. These include restlessness and
hyperactivity, temper tantrums, aggression, unusual affect (ie, screaming, crying, laughing), and hyperorality.** In some
cases, neurocognitive assessment should be conducted in familiar places.®”"*® Moreover, noisy behavior, unwillingness,
and throwing or biting of test materials usually occur.®® Attention deficits are also frequent in these patients, and are
manifested in several problems with the continuation of cognitive testing, distraction during longer tasks, or with
following instructions (especially those more detailed).*® Therefore, the elasticity of the diagnostician, some breaks,
positive reinforcements, and the thoughtful placement of test materials are needed.®’

During testing, MPS III patients are more often interested in other people than in the materials used. This should be
taken into consideration by a diagnostician who can make the testing procedure more manageable due to showing his/her
interest on it. Another symptom hindering the diagnostic process is aggressive behavior. Therefore, parental assistance
could be helpful in this case, so the child does not hurt himself/herself and others. Other hindering factors are stereotypic
behavior or language delay and aphasia, which may complicate the assessment in this field. However, the authors’
recommendation is to try to assess the abilities in this field to estimate the developmental age of the use of language by
the patient, and to follow the changes in this regard over the coming years. If the child has aphasia, the better solution is
the use of only nonverbal scales. The diagnostician should be also aware that many patients tend to perseverate; thus, he/
she should be ready to help the child to stop the perseverative or stereotypical behaviors, for example, by drawing the
child’s attention to other aspects of the test.®’ Finally, testing the deterioration of physical function could be another
obstacle to perform the diagnosis. Indeed, in some patients, the problems in the field of fine and gross motor skills
generate a lot of frustration and negative emotions during the testing. Unfortunately, no large-scale studies on cognitive
levels in Sanfilippo disease, using formal psychometric tests allowing the comparison of normatively developing
children, have been reported.

Since Sanfilippo disease is inherited in an autosomal recessive manner, parents do not observe any signs or symptoms
of the condition in their bodies, and the disease is typically not seen in many generations in the family. Parents do not
suspect any possibility that their expected child could be sick. They often desperately need answers to questions about
health problems of their child, especially during a long diagnostic process which proceeds sometimes several years. This
process consists of many visits to the specialists (sometimes also extra paid), conduction of invasive testing (that could be
lengthy and futile), and answering many questions, which is accompanied with a lack of knowledge and hope.”® This
process undoubtedly carries significant personal costs. The situation of having a child with a rare genetic disease may
frustrate the needs of its members and limit their individual development.’! In fact, parents of children with disabilities
often experience extreme stress.”” In the case of Sanfilippo disease, characterized by the deterioration of functioning, the
fulfilment of social requirements of parental roles is even more difficult. Additionally, this could be complicated by other
roles that they have to attend (like medical guardian, teacher, and others), and finally because of the lack of institutional
support.
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The consequences of neurodegeneration and cognitive impairment are manifested in challenges with the daily
functioning of patients and their families. Children with MPS III usually experience severe problems with communica-
tion and with the deterioration of their cognitive and motor functioning. Except for the symptoms described earlier,
several behavioral disturbances, particularly impacting the safety of patients and other people, may occur.***’” Somatic
disturbances and pain were also reported. Among them, there were headaches, pain in the joints, gastrointestinal pain,
and episodes of distress.”* Moreover, children meet problems to adapt to changes and new situations.”*> Another
challenging feature is expressed as sleeping problems, including restlessness and waking at night.”> As the disease
progresses, aspiration problems and dysphagia are also present which force the parent to take a number of specialized
nursing activities.”® Negative changes in their functioning are progressive and dynamic. Almost always, parents are left
emotionally unprepared for such a difficult process. Indeed, parents often have to struggle with the powerlessness, caused
by the inability to treat the disease, as well as the symptoms and challenges that the disease brings. Results of
psychological analyses indicated that parents of children with MPS III are less future-oriented and goal-directed than
parents of children with other intellectual disabilities.”” Considering the prognosis of this disease, parents usually try not
to look ahead, not to make plans, and the future fills them with fear. Mothers of children with Sanfilippo disease met the
criteria for clinically relevant anxiety and depression more frequently compared to mothers of children with other
intellectual disabilities. Regarding depression, the same occurrence was noted in fathers. They more often met the criteria
for clinically relevant depression compared to fathers of children with other intellectual disabilities. Furthermore,
clinically relevant distress was highly prevalent in mothers and fathers of MPS III patients compared to reference
parents.”® The daily functioning of these families, often filled with negative emotions and enormous fear, is undoubtedly
a large field of challenges for psychologists and medical workers.

In summary, the neurocognitive assessment of patients with Sanfilippo disease as well as testing and interviewing
their families are crucial for the improvement of the quality of life of the whole family. First, they are important for
collecting data for studies and to provide information about the natural history of this disease, thus, contributing to the
search for therapy. Second, they provide appropriate, individually dedicated, and interdisciplinary interventions for both
child and his/her family who experienced the hardships of caring for a child with Sanfilippo disease. Unfortunately, the
parents of these children are often left without support which has a direct impact on their daily functioning, and further
on their relationship with the child. As shown in the previous paragraphs, parents often experience a lower quality of life
and suffer from depressed mood and even depression. The psychological care (including regular individual or group
therapy), support groups, psychoeducation, and provision of the reliable knowledge by medical workers are necessary.
Parents of children with Sanfilippo disease may also benefit from education about sleep hygiene early in their child’s life,
in order to reduce the impact of sleep disturbance, and hence, the well-being of all family. Moreover, it should be
underlined that the mission of people who take care of patients with this rare disease should be the dissemination of
knowledge. Thanks to this, it will be possible to recognize the disease faster at the early stages of the child’s life, an
appropriate diagnostic process (including both medical and psychological diagnosis), faster and more appropriate
implementation of dedicated interventions, and also — if it is possible — implementation of experimental therapies.
Summary of the psychological approach in Sanfilippo syndrome is depicted schematically in Figure 3.

Recommendations Regarding Special Care and Schedules of Assessment
Despite the common primary cause of the Sanfilippo syndrome, a genetic defect resulting in impaired degradation of HS,
the course of the disease may vary considerably from patient to patient.'’ Therefore any recommendations for
management of the disease in every MPS III patient are extremely difficult, if not impossible. Nevertheless, as discussed
in previous chapters, some general advices can be proposed which should be helpful in providing the most effective care
to the patients and their families.

The first point is to make a proper diagnosis as soon as possible. Therefore, as depicted in Figure 1, any
neurocognitive symptoms in young children, especially those who were born without such problems and developed
normally for the first several months, should signal a possibility of one of LSD. Determination of GAG levels in urine,
which can be done using simple tests, can be recommended as one of early diagnostic steps in such cases, since detection
of increased amounts of these compounds may shorten the diagnostic procedure significantly. If HS storage is confirmed,
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Figure 3 Summary of the psychological approach in Sanfilippo disease.

further biochemical and genetic tests are mandatory to confirm the diagnosis. Ideally, newborn screening for elevated
urinary GAG would be the optimal procedure. However, it is not available now (mainly due to economical reasons), thus,
because of unspecific symptoms appearing at the beginning of the course of MPS III, and in the light of the existence of
many diseases characterized by similar symptoms at early stages,” we strongly recommend to perform the whole genome
sequencing (WES) analyses whenever possible. The use of this method can shorten the way to obtain accurate diagnosis
significantly which is of great benefit to patients, their families, and physicians.

When the final diagnosis of Sanfilippo syndrome is obtained, it is crucial to provide a complex care to the patient. As
depicted in Figure 2, there are many potential manifestations which may or may not appear in different patients; the only
exception is occurrence of neurocognitive disorders in virtually all children suffering from MPS III."7 Nevertheless, this
means that it is not sufficient to ensure the care of a geneticist, neurologist and specialist in the field of metabolic
diseases. Regular visits to orthopedic, ENT (ear, nose and throat), pulmonary, cardiology, and gastroenterology clinics are
also highly recommended. Early interventions of such specialists may allow to avoid severe complications of relative
mild disorders which otherwise might progress to serious negative effects, high morbidity and significant worsening of
the general condition of the patient. Optimally, visits in all clinics mentioned above should be planned every year, and as
quickly as possible after appearing respective problems.

Early and constant access to psychological services can be as important as that to clinical specialists. As indicated in
Figure 3, psychological care is crucial for both patients and their families. This can make family members mentally
stronger and more motivated to organize the best possible care to their children. Moreover, specific psychological
advices, based on proper assessment of mental and cognitive abilities of patients, facilitate choosing the best possible
environment for functioning of MPS III children. Visits in a psychological center should be planned as often as
recommended by the psychologist, with regular assessment of both cognitive development of the patient and mental
state of parents.
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Organization of relatively frequent visits in clinics is not an easy task for families of affected children. Therefore,
it appears that development of clinical centers focused on rare/genetic/metabolic diseases is perhaps the best way to
provide such complex clinical and psychological services that are invaluable for MPS III patients and their families.

Concluding Remarks

Sanfilippo syndrome is a severe, life-threatening, inherited metabolic disease which significantly affects not only the patients
but also the life of whole families and/or caregivers. In the light of the lack of specific and effective therapy, it is crucial to
provide complex and optimized care with a multidisciplinary approach. Three major fields were recognized in such an
approach. They include (i) accurate diagnosis as early as possible, (ii) optimized symptomatic treatment, and (iii) psycho-
logical care for both patients and family members and/or caregivers. These are, however, not easy tasks, as (i) various
misdiagnosis events are possible due to similarity of MPS III symptoms to those of other diseases and variability of
phenotypes of patients is significant; (ii) clinical manifestations are complex and symptoms are often severe, while untypical
responses of MPS III patients to various drugs occur frequently and invasive medical interventions are usually risky; and (iii)
behavior of patients and their psychological features are significantly changed, and extreme stress of parents/caregivers has
a direct impact on their daily functioning, respectively. Nevertheless, in this article, we propose specific schemes of actions
and provide detailed recommendations for managing the care of patients with Sanfilippo disease and their families.
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