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Abstract

Mucopolysaccharidoses (MPS) are inborn errors of metabolism caused by deficient lysosomal enzymes, leading to organomegaly, hip
osteonecrosis, coarse facial features, bone deformities, joint stiffness, cardiac and pulmonary symptoms (MPS VI) or hypermobility
(MPS IVA). Some patients may present with non-classical forms of the disease in which osteoarticular abnormalities are the initial
symptoms of non-classical forms. As orthopedists and surgeons are the specialists most frequently consulted before the diagnosis, it
is critical that MPS may be considered as a differential diagnosis for patients with bone dysplasia. Experts in Latin America reviewed
medical records focusing on disease onset, first symptoms and the follow-up clinical and surgical outcomes of non-classical MPS
VI and IVA patients. All patients displayed orthopedic issues, which worsened over time, followed by cardiac and ophthalmological
abnormalities. Our findings enlighten the necessity of including non-classical MPS as possible diagnosis for patients who report

osteoarticular abnormalities in absence of inflammation.
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Introduction

Mucopolysaccharidoses (MPS) are a group of inborn errors
of metabolism that arise from deficient lysosomal enzymes
involved in degradation of glycosaminoglycans (GAG). These
molecules are important components of extracellular matrix,
joint fluid and connective tissue. When GAG are accumulated,
it compromises the proper function of several organs, leading
to MPS clinical manifestations [1].

MPS VI (Maroteaux-Lamy) and IVA (Morquio A) are
transmitted by autosomal recessive inheritance, and they are
marked by deficiency of arylsulfatase B (N-acetylgalactosamine
4-sulfatase) and N-acetyl-galactosamine-6-sulfate sulfatase,
respectively, leading to accumulation primarily of dermatan
sulphate (MPS VI) and keratan sulphate (MPS IVA) in tissues
and organs [2,3].

Clinical manifestations of MPS VT include joint stiffness,
short stature, organomegaly, hip osteonecrosis, coarse facial
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features and bone deformities, besides cardiac respiratory and
ophthalmologic concerns. Similar signs are found in MPSIVA
but with joint hypermobility [4]. Skeletal abnormalities are an
early and prominent feature of most MPS disorders, with the
degree of skeletal involvement varying between and within MPS
subtypes, with classical types of MPS IV A and VI including
severe bone involvement. Most patients with the classical
phenotype exhibit a constellation of radiographic abnormalities
known as dysostosis multiplex, consisting of abnormally shaped
vertebrae and ribs, enlarged skull, spatulate ribs, hypoplastic
epiphyses, thickened diaphysis and bullet-shaped metacarpals
[2,4]. For both MPS disorders, affected patients are cognitively
normal [5].

The severity and disease progression among individuals
with MPS VI and IVA vary due to the causative mutations
that lead to different degrees of residual enzyme activity and a
possible contribution of environmental and metabolic factors.
Therefore, a broad variability in clinical presentation has been
described as classical and non-classical phenotypes. The non-
classical forms of MPS lead to milder systemic manifestations
in contrast with the classical forms [5,6]. Thus, patients with
non-classical phenotypes generally have clinical manifestation
onset at a later age and the symptoms may be limited to reduced
height, less pronounced cardiac and pulmonary symptoms,
facial features and skeletal deformities in MPS VI [7]; and to
minor skeletal abnormalities, hip pain, and moderate short
stature in MPS IVA [8,9].

Due to clinical heterogeneity of MPS disorders, diagnosis is
frequently delayed in patients with non-classical phenotype [5].
For instance, a case series showed that patients with non-classical
MPS VI remained misdiagnosed for over 30 years regardless
of the presence of the cardinal symptoms of this disease [10].
Similarly, it was reported that a 51-year-old man who was
believed to have Perthes disease for 38 years despite displaying
coarse facial features, corneal clouding, pectus carinatum and
a mild thoracolumbar kyphosis [11].

Aims

It has been reported that patients with non-classical MPS VI or
IVA commonly display osteoarticular problems, joint pain and
hip dysplasia as initial symptoms, which trigger their referral
to a pediatric orthopedist or rheumatologist [12,13]. As these
specialists are the target group for the correct detection of non-
classical forms of MPS, they should be prepared to recognize and
diagnose MPS or to exclude it [14]. To gauge these specialists’
familiarity with non-classical MPS patients in Latin America,
the present work reported the clinical history and outcomes of
a series of patients with MPS VI and IVA followed in different
reference centers for inborn errors of metabolism resembling
Perthes disease.

Methods

A retrospective observational study was performed between
March 2018 and March 2019 including non-classical MPS
patients identified in five Latin-American sites. Non-classical
patients were defined as those presenting attenuated or mild
phenotype [5,7,8,9]. All procedures were conducted in accordance
with the ethical standards of the Helsinki Declaration of 1975,
asrevised in 2000. The study was approved by the Institutional
Ethic Committee and informed consent was obtained from
all patients (or their parents, when legally obliged) prior to
inclusion in the study.

Inclusion criteria was none or mild systemic manifestation
along with minor orthopedic features, such as short stature and
less pronounced abnormalities (pain, gait problems, claw hand,
kyphoscoliosis, genu valgum). There were no exclusion criteria
or sample size calculation because of the rarity of the condition.

Anthropometric, biochemical, genetic, clinical history and
follow-up outcomes data were retrospectively extracted from
medical records by medical specialists, who were also asked
for complementary data when necessary. MPS diagnoses were
confirmed through enzyme activity or genetic analysis. Besides,
radiologic exams were provided from the center where the
patient has been assisted. Authors assessed all the exams in order
to draw a detailed characterization of the radiologic features.
Hip/pelvis radiography was especially analyzed by the senior
pediatric orthopedists.

Fourteen patients (nine with MPS VI and five with MPS
IVA) from reference centers in Brazil and in Argentina were
identified and enrolled in the study. Their hip radiographic
were evaluated in search of the following findings: acetabular
dysplasia (particularly in the superolateral aspect), enlargement
and flattening of the femoral head, nucleus fragmentation,
irregular physis and metaphysis, coxa valga, migration or
subluxation of the head.

Descriptive statistics was used to perform the analysis,
using frequencies and percentages to represent categorical data
variables. Continuous data variables were summarized by the
number of subjects (n), mean, standard deviation, median,
minimum, and maximum values. Patients presenting at least
three of the radiographic characteristics were considered to
have Perthes-like disease.

Results

Table 1 depicts the demographic data and the biochemical
and genetic diagnosis of all patients (n=14). In the MPS VI
subpopulation (n=9/14), 66.67% of the patients were male (n=6/9)
and 33.3% female (n=3/9). For MPS IVA, 40% of patients were
male (n=2/5) and 60% were female (n=2/5).
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Table 1 — Patient demographics, diagnosis and biochemical and mutation analysis

Patient Sex MPS Age at diagnosis Enzym.e uGAG Mutation
type (years) analysis

1 . " i . . Compound heterozygosis: ¢.311A>C
(p.GIn104Pro) and c.438G>A (p.Trp146)

5 . VI e 97 27 Compound heterozygosis: c.427delG (p.Val143fs)
and ¢.275C>T (p.Thr92Met)

3 M VI 31 3 120 Compound heterozygos.is: c.1143-1G>C and
¢.277C>T (p.Pro93Ser) in exonl

4 M VI 29 4 83 Compound heterozygosis: c.1 14.3—1G>C in exon
6 and c.629A>G (p.Tyr210Cys) in exon 3

s M VI 36 9 68 Compound heterozygosis: ¢.1143-1G>C in exon
6 and c.629A>G (p.Tyr210Cys) in exon 3

6 M VI s " 50 Compound heterozygosis: ¢.1143-1G> and
c.1143-8T>GC

7 M Vi 9 2.1 ? No pathogenic mutations found
Compound heterozygosis: ¢.1143-8T>G and

8 M \ 45 12 44
€.629A<G (p.Tyr210Cys)

9 M \ 15 9 180 Heterozygosis: 1534_1556del23 (p.5509Leu)

10 M IVA " 3 ? Homozygotes for p.Asp388Asn

1" M IVA 13 4.9 55.73 ?

1 . VA 5 » Normal Compound heterozygosis: p.Gly301Cys and
p-Ala324fs

13 F IVA 10 1.1 Normal ?

14 M IVA 10 0 ? ?

M: male; F: female; uGAG: urinary glycosaminoglycans (normal range: 72-175 pg/g/mg creatinine); ?: not known. Patients 4 and 5 are siblings.
Biochemical analysis of arylsulfatase B (normal range: 72-176 pg/h/mg protein or 116 to 287 ug/h/mg protein for patient #2) for MPS type
VI and N-acetylgalactosamine-6-sulfatase (normal range: >8 pmol/l/20h) for MPS type IVA were performed at diagnosis. For MSP type VI,

mutation analysis of ARBS gene and for MPS type IVA, GALNS gene.

The median age at diagnosis was 15 years (SD=16; min=>5;
max=>52, n=14/14). When patients of both types of MPS were
evaluated separately, patients with MPS VI present at a median
age (in years) of 29 (SD=14.96; min=>5; max=45; n=9/9) and
patients with MPS IVA had a median age of 11years (SD=18.38;
min=10; max=52; n=5/5).

The median activity of arylsulfatase B was 9 ug/h/mg protein
(SD=30, min=2.1; max=97; n=9/9; normal range: 72-176 ug/h/
mg protein) in MPS VI patients and the median activity of
N-acetylgalactosamine-6-sulfatase was 2.95 pmol/1/20h
(SD=3.19; min=0; max=97; n=5/5; normal range: >8 umol/
1/20h). Patients with MPS VI displayed median urinary GAG
of 82.9 pg/mg/mg creatinine (SD=45.19; min=44; max=180;
n==8/9; normal range: 72-175 ug/g/mg creatinine). For MPSIVA,
we could retrieve data from a unique patient (55.73 pg/g/mg
creatinine). Patients 4 and 5 were siblings and carry the same
mutation (p.Tyr210Cys). Both presented with arylsulfatase B
activity below the normal range.

Table 2 summarizes the anthropometric data and the findings
regarding the first clinical manifestation as well as the cardiac

and ophthalmological follow-up outcomes found in the medical
records of the enrolled population. All patients had osteoarticular
problems as the first clinical manifestation. Ten cases (71.4%)
were initially considered to have any kind of hip dysplasia or
pain, or femoral head avascular necrosis; three were diagnosed
as presenting gait abnormalities (21.4%). After hip radiographic
evaluation, all patients were considered to present Perthes-like
disease.

The median height in the studied population was 145
cm (SD=11.86; min=120; max=166, n=13/14). When the
subpopulations were analyzed, patients with MPS VI had a
median height of 145 cm (SD=8.11; min=131; max=152; n=8/9)
similarly to patients with MPS IVA (SD=17.52; min=120;
max=166; n=5/5). Concerning body weight, the median of
all patients was 47 kg (SD=10.84; min=31; max=66; n=13/14).
Patients with MPS VI showed a median weight of 51 kg
(SD=11.41; min=31; max=66; n=8/9) and patients with MPS
IVA had a median of 39 kg (SD=8.35; min=35; max=56; n=>5/5).
Body weight and height z-scores are detailed in the Table 2.
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Table 2 — Outcomes of anthropometric, cardiac and ophthalmological finding in the study cohort

Patient Height Height Weight Weight FII"S.t cllnlc.al Cardiac findings Ophtl?alrrlologlcal ) ./-.\ge. at ERT
(cm) z-score (kg) z-score manifestation findings initiation (years)
Gait disturbance Hypermetropia and
1 134 -0.6 31 -0.34 and femoral head Mild aortic stenosis very mild corneal 16
avascular necrosis clouding
2 145 28 47 152 Claw hands ahd Th|cken|ng of mltral, Glaucoma, co.rneal ?
corneal clouding  aortic and tricuspid valves transplantation
Thickening of mitral,
. . aortic and tricuspid Glaucoma, corneal
3 132 -61 39 489 Hip pain valves; altered ventricular transplantation »
relaxation
4 149 -3.8 58 -1.33 affected older ) o Not specified 31
o valve stenosis; left atrium
sibling
hypertrophy
Mitral and aortic valve
Joint pain and thickening; mild mitral
5 152 -34 66 -0.43 P stenosis; mild aortic Not specified ?
coarse face ) L
insufficiency; moderate
increase in left atrium
6 131 48 59 599 Joint pain anfj Normal Bilateral corhea ?
bone dysplasia transplantation
7 145 1.8 48 2.23 Hip dysplasia ? Mild corneal clouding 26
Mitral and aortic
Hip dysplasia and valves thickness and Severe corneal
8 ! ? ? ? Sal\zlulz ath regurgitation, ventricle doudin 46
pathy diastolic dysfunction of J
grade |
B 29 -0.25 Short stature
145 54 and investigating Mild aortic valve stenosis No 19
Turner syndrome
Mitral and aortic
Claudication valves thickness and
10 166 30 56 1.87 and lumbar regurgitation; ventricle Glaucoma 15
hyperlordosis diastolic dysfunction of
grade |
1" 146 -1.3 42 -0.46 Hip dysplasia Normal Not performed Not initiated
Mild tricuspid and mitral
12 130 5.1 37 391 Bone dysplasia valve insufficiency; Astigmatism 54
prolonged biventricular
relaxation
13 120 28 35 028 Gait disturbance Mild tricuspid valve Mild corneal clouding Not initiated
insufficiency
14 145 0.9 39 0.97 Hip pain Normal Normal 13

?: not known. Patients 4 and 5 are siblings. All of the detailed findings are based on the most recent annotation on the medical records of the
enrolled patients. CDC Height for Age and Weight for Age growth charts were used to calculate the z-scores.

Seven patients with MPS VI presented valvulopathy, one
had no data and one had no cardiac involvement alterations.
As for MSP IVA patients, three patients (out of five) had cardiac
involvement by the time of the data collection.

Ophthalmological problems were found in most of the

patients independently of MPS type (n=9/14). Four patients
had corneal clouding; three had already been subjected to
corneal transplantation due to corneal clouding or glaucoma;

two patients had glaucoma and one patient had astigmatism or
hypermetropia. Five patients had no data (one of them did not
have an ophthalmological exam recorded).

The median age at ERT initiation for all patients was 26 years
(SD=14.02; min=15; max=54, n=9/14). When patients of both
types of MPS were evaluated separately, patients with MPS VI
started ERT at a median age of 28.5 years (SD=11.02; min=16;
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max=46; n=6/9) and patients with MPS IVA started ERT at a

median age of 17 years (§D=21.96; min=15; max=54; n=3/5).
Table 3 illustrates the findings regarding orthopedic

involvement of enrolled patients with MPS VI and IVA. For

Table 3 — Outcomes of orthopaedic imaging in the study cohort

MPS VI patients, spinal cord compression, lordosis and increased
density and irregularity of femur heads were the most frequent
findings (Figure 1). All patients with MPS IVA (n=>5/5) presented
with irregularity of their femoral heads (Figures 2, 3 and 4).

Patient Spine Hips
1 Narrow cervical canal without spinal compression Bilateral dysplasia and subluxation of the lateral and superior femoral heads
2 Cervical lordosis Not specified
3 Spinal cord compression Increased density and irregularity of femur heads
4 Spinal cord compression, lordosis Not specified
s Conial sk ot d o st
6 Oval thoracic and lumbar vertebral bodies Not specified
7 Spinal cord compression Bilateral hip dysplasia
8 Lumbosacral lordosis Hip dysplasia
9 Platispondilia in thoracic and lumbar vertebrae Not specified
10 Lumbar hyperlordosis and spinal cord compression Increased density and irregularity of femur heads
11 Thoracic scoliosis Irregular femoral heads
12 Narrow cervical canal associated with mild syringomyelia Bilateral displacement of hip
13 Not specified Bilateral displacement of hip
14 Spondyloepiphyseal dysplasia Bilateral hip dysplasia

Patients 4 and 5 are siblings. All of the detailed findings are based on the most recent annotation on the medical records of the enrolled
patients. Results from X-ray and magnetic resonance imaging studies.

Figure 1. Computed tomography of hip from a female 16-year-old MPS VI patient (patient #1) with gait disturbance and pain showing
hip dysplasia characterized by shallow and irregular acetabulum, triradiate cartilage enlargement and deficiency in the development of the
acetabular superior rim.
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Figure 2. (A) Hip radiography of a male 14-year-old MPS IVA patient (patient #9) showing shallow acetabular cavities, irregular bilaterally
contours, widening of the joint space, reduction of V-shaped with increased density and irregularity of the contours of the femoral heads
bilaterally and flattened in the loading zones; (B) Pectus carinatum in the same patient.
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Figure 3. (A) Radiography of hip from a male 9-year-old MPS IVA patient (#patient 10) with acetabular dysplasia, lateral displacement
(subluxation) of the femoral head associated with flattening and fragmentation, resembling femoral head avascular necrosis or Perthes disease);
(B) Hip radiography of the same patient at the age of 17 years showing acetabular dysplasia, lateral displacement (subluxation) of the femoral
head associated with flattening and fragmentation — resembling femoral head avascular necrosis or Perthes disease) and (C) Post-operative
(right valgus osteotomy) hip radiography of the same patient.
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Figure 4. Hip radiography of a male 15-year-old MPS IVA patient (#patient 14) with acetabular dysplasia, subluxation of the femoral head
associated with flattening and fragmentation, resembling femoral head avascular necrosis or Perthes disease.

Discussion

All patients presented with osteoarticular problems as the first
clinical manifestation irrespective of MPS type, which worsened
over time in association with cardiac and ophthalmology
issues. Radiographic analysis of the hip demonstrated that all
patients had findings resembling bilateral Perthes-like disease.
These statements are in line with the fact that orthopedists
and rheumatologists are among the most-sought specialists by
patients with non-classical phenotypes before receiving a correct
diagnosis, due to the osteoarticular problems complaints. MPS is
underdiagnosed not only because of the extensive heterogeneity
of the disease and rarity of these disorders but also due to the
lack of awareness of healthcare professionals, limited access to
screening and diagnostic methods [13]. Therefore, the current
study emphasizes the possible misdiagnosis between Perthes
disease and non-classical MPS, the so-called Perthes-like disease.

In our population, MPS presentation (for both VI and IVA)
involved the osteoarticular system, leading to joint pain, gait
disturbance, hip dysplasia and even the diagnosis of femoral head
avascular necrosis. These findings are in agreement with those
reported by Tummolo et al. [9], who also concluded that the first
clinical features are limited to minor skeletal abnormalities and
hip pain. Such progressive orthopedic involvements may lead
to a subsequent arthritis, restricted range of motion and pain
that together may hamper the ability to walk and to perform
daily activities, affecting the health-related quality of life of
these patients [15].

There is a health-worsening disease course over time,
regardless of the phenotype of the disease [8]. Within this
context, the follow-up orthopedic outcomes revealed that
skeletal deformities became more evident, such as spinal
cord compression, lordosis, alteration of vertebral bodies and
disc protrusion. In some cases, patients underwent surgical
intervention, such as replacement of hip joint and spinal cord
decompression. Collectively, these findings reinforce the urgency
to raise awareness among orthopedists, rheumatologists and
related specialists. Unfortunately, radiographic findings from
undiagnosed patients may constitute an important confounder
because of their similarities with findings from other disorders,
such as some forms of spondyloepiphyseal dysplasia and bilateral
Perthes-like disease [6].

In this study, correct diagnosis were established at a median
age of 29 years in patients with MPS VI and at a median age of
11 years in patients with MPS IVA. It has been described that
patients with MPS VI may develop symptoms within the first
year of life, as verified by Jurecka et al. [16]. These authors had
studied a cohort of 49 patients from eight international centers
in which 33% of these patients had an attenuated phenotype of
MPS IVA. Concerning MPS IVA, the International Morquio A
Registry (n=326) reported that the mean age at diagnosis was
4.7 years of age [17]. Thus, our findings are in accordance with
the concept that patients with non-classical phenotypes are
commonly diagnosed at a later age.

At first suspicion of MPS, quantitative analysis of total
urinary GAG is routinely performed as the initial step of
laboratory testing [18]. Patients with non-classical MPS may
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have urinary GAG levels within the normal range and have
a height measurement that is above 140 cm, thus hampering
the diagnosis [2]. In our population, patients with MPS VI
presented with urinary GAG within the normal range, while
the urinary GAG levels from our patient with MPS IVA were
below normal range. Other case series reported that urinary
GAG levels can have fluctuating results throughout life in this
phenotype presentation [7, 10].

As discussed by Guffon and colleagues [19], the adult height
attained depends on phenotype severity, and patients with non-
classical phenotypes usually are taller than 140 cm. We found
that the median height of this patient group was 145 cm (for
both MPS types). These results reinforce the assumption that
growth impairment in patients with osteoarticular disturbance
should raise suspicions of possible non-classical MPS disorders.

Even though patients suspected to have an MPS disorder
and presenting with the quantitative urinary GAG within the
normal range, some authors have argued that non-classical
forms of MPS cannot be discarded without the investigation
of lysosomal enzymes activity or genetic studies in patients
with pronounced osteoarticular manifestations [2,3,6,20].
In light of such a large percentage of patients experiencing
delays in accurate diagnosis or misdiagnosed, some authors
have proposed algorithms with presenting manifestations and
possible diagnosis both for patients with MPS VI and IVA [7,16].
In our study, patients with MPS VI showed a decreased activity
of arylsulfatase B while patients with MPS IVA showed a decrease
in N-acetylgalctosamine-6-sulfatse activity, thus, confirming
MPS diseases. It has been discussed that in patients with the
non-classical form of MPS V1, the evaluation of a second sulfatase
should be promptly performed to rule out multiple sulfatase
deficiency, a disease without specific treatment at this time [4].

Follow-up outcomes also revealed that all patients had
potentially life-threatening cardiac manifestations. More
specifically, the majority of enrolled patients presented with
valvulopathy (i.e., mitral, aortic and tricuspid thickened
valves). Other cardiac abnormalities such as altered ventricular
relaxation and left atrium hypertrophy were also found. It is
well-established that cardiac compromises, particularly valve
diseases, are virtually found in all patients with MPS VI [21].
Interestingly, dermatan sulphate is the most predominant GAG
found in cardiac valve connective tissues and blood vessels. Thus,
this GAG accumulation can progressively promote thickening
and deformation of valves [22,23].

Similarly, many patients presented with corneal clouding and
glaucoma. Three patients had underwent corneal transplantation.
In fact, corneal clouding and glaucoma are commonly reported
in patients with MPS due to GAG accumulation, which lead to
disruption of collagen fibrils in stroma and increase intraocular
pressure in the anterior segments of the eye [24].

More than half (64.3%, n=9/14) of the patients enrolled in
this study was receiving enzyme replacement therapy (ERT).
This treatment has been effective in improving endurance
and pulmonary function in patients, with limited positive

effects on cardiac abnormalities, and with almost no-effect on
ocular involvement [25]. Unfortunately, to date, while the vast
majority of physicians infrequently include MPS as a potential
diagnosis for patients with osteoarticular abnormalities without
inflammation, early administration of ERT is essential to
maximize the beneficial effects of this treatment [2,25].

Our findings underscore that it is critical to consider
non-classical MPS VI and IV as diagnoses for patients who
report osteoarticular abnormalities overlapping clinical
bilateral Perthes disease in absence of inflammatory findings;
in addition, isolated Perthes-like disease in the radiographic
exam should also raise the suspicion of non-classical MPS.
The results obtained demonstrate that all enrolled patients
with non-classical phenotypes of MPS displayed orthopedic
involvement that worsened over time followed by cardiac and
ophthalmological abnormalities. Although these patients may
be particularly difficult to diagnose, our findings may provide
awareness for orthopedists and other specialists thus stressing
the great heterogeneity of non-classical phenotypes observed in
MPS may help to shorten the time needed to diagnosis.
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