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Bone metabolism in patients with mucopolysaccharidosis type Il
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Summary

Objectives: To assess different parameters of bone metabolism in
patients with mucopolysaccharidosis type Il (MPS 1) to better com-
prehend the mechanisms responsible for their skeletal pathology.
Material and methods: In MPS type Il patients (n = 7, age 4-28
years, mean 11.6, median 7) bone metabolism was assessed using
the following: a) parameters of calcium-phosphate metabolism
(serum level of calcium, phosphorus, alkaline phosphatase (ALP),
parathormone (PTH), and vitamin 25(0H)D), b) parameters of bone
formation (osteocalcin) and resorption (B-crossLaps), c¢) bone miner-
al density (BMD) of the lumbar spine assessed by dual-energy X-ray
absorptiometry (DXA), and d) radiographs of the skeletal system.
Results: All patients were normocalcemic, but the majority of them
had abnormal serum levels of other parameters of calcium-phos-
phate metabolism such as: hypophosphatemia (4/7), decreased ALP
(2/7), increased PTH (4/7), and vitamin 25(0H)D deficiency (6/7),
which in 3 patients was associated with secondary hyperparathy-
roidism. Five patients presented increased levels of osteocalcin in
the serum, and all the patients had high levels of B-CTx. Two adult
patients had osteoporosis (T-scores —3.9 and —5.7), while in 3 pediat-
ric patients the Z-score was within the normal range. Radiographs of
bones revealed signs of dysostosis multiplex typical for MPS disease
in all patients, and in adult patients they corresponded to BMD.
Conclusions: 1. MPS Il patients have disturbed serum parameters of
bone health and therefore may be at a higher risk for osteoporosis or
osteomalacia. 2. Supplementation with vitamin D may be required
in MPS patients.

Streszczenie

Cel pracy: Ocena metabolizmu kostnego u chorych na mukopolisa-
charydoze typu Il (MPS 1) w celu lepszego zrozumienia mechani-
zmoéw odpowiedzialnych za patologie kostng w MPS.

Materiat i metody: Analizie poddano wybrane parametry meta-
bolizmu kostnego pacjentéw chorujacych na MPS Il (n = 7, wiek
4-28 lat, srednia 11,6, mediana 7). Metabolizm kostny oceniano
na podstawie: a) stezenia wapnia, fosforu, fosfatazy alkalicznej,
parathormonu, witaminy 25(0H)D, b) parametréw tworzenia ko-
Sci (osteokalcyna) i resorpcji (B-CrossLaps), ) gestosci mineralnej
kosci (BMD) kregostupa ledzwiowego o podwdjnej energii promie-
niowania rentgenowskiego (DXA), d) zdje¢ rentgenowskich uktadu
kostno-stawowego.

Wyniki: Wszyscy pacjenci mieli prawidtowe stezenie wapnia w su-
rowicy, u wiekszosci chorych odnotowano odchylenia od normy
w zakresie innych oznaczanych parametréw metabolizmu wapnia,
w postaci: hipofosfatemii (4/7), zmniejszenia stezenia fosfatazy
alkalicznej (2/7), zwiekszenia stezenia parathormonu (4/7) oraz
zmniejszenia stezenia witaminy D (6/7), ktére u 3 pacjentéw byto
zwigzane z wtérng nadczynnoscia przytarczyc. U 5 chorych stwier-
dzono zwiekszone stezenia osteokalcyny, u wszystkich pacjentéw
odnotowano duze stezenia 3-CTx. U 2 dorostych pacjentow wyniki
DXA wskazywaty na osteoporoze (T-score —3,9 i =5,7), natomiast
u 3 pacjentéw w wieku rozwojowym wyniki badan DXA (Z-score)
byty w granicach normy. Badania rentgenowskie uktadu kostnego
wykazaty zmiany charakterystyczne dla oséb chorujacych na muko-
polisacharydozy typu dysostosis multiplex u wszystkich badanych
0s6b — zaréwno dorostych, jak i dzieci.

Whioski: 1. U 0séb chorujacych na MPS Il odnotowywane s3 za-
burzenia parametréw metabolizmu kostnego, chorzy ci moga by¢
bardziej narazeni na osteoporoze lub osteomalacje. 2. U wszystkich
chorych na MPS moze by¢ konieczna suplementacja witamina D.
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Introduction

Mucopolysaccharidoses (MPSs) are rare inborn er-
rors of metabolism owing to enzymatic deficiencies in
the degradation of glycosaminoglycans (GAGs). GAGs
accumulate in the lysosomes of the affected individuals,
leading to different symptoms, which are responsible for
a complex clinical picture. Mucopolysaccharidosis type |l
(MPS 11, Hunter syndrome, OMIM# 309900) is caused by
a deficiency of the enzyme iduronate-2-sulfatase (12S;
EC 3.1.6.13), which is responsible for breaking down hep-
aran and dermatan sulfate (HS and DS) within the cells
[1]. Itis arare and life-limiting X-linked recessive disorder
that affects approximately 1 in 77,000 newborn boys [2,
3]. The vast majority of patients are male, but occasion-
ally females may also be affected due to X-chromosome
inactivation of skewed expression [4, 5].

Although bone growth and mineralization are af-
fected by GAG accumulation in the tissues of MPS an-
imal models [6-8], there is very little data available on
the assessment of bone metabolism in patients with
MPSs [9-11]. The severity of bone disease varies accord-
ing to the type of MPS, however most of the skeletal
anomalies in MPS patients are likely to originate from
aberrant cartilage and bone development, especially
endochondral ossification [12]. The main causes of os-
teopenia in MPS patients are probably abnormal bone
remodeling (osteoblast/osteoclast dysfunction) and
abnormalities in the growth plate, exacerbated by im-
mobility in an advanced stage of the disease. As a clini-
cal hallmark, the term dysostosis multiplex, refers to the
radiographic bone changes manifesting through short
stature and progressive skeletal deformation, which
are seen in some storage disorders and almost all dif-
ferent types of MPSs with the exception of MPS Il [1].
Growth abnormalities are commonly observed in MPS
patients and are likely secondary to a combination of
structural, metabolic and endocrine factors.

Currently, a clinically available treatment option
for MPS Il is enzyme replacement therapy (ERT) using
idursulfase (recombinant human 2IS, Elaprase, Shire
Human Genetic Therapies, Inc., Lexington, MA, USA).
However, this treatment has proven relatively ineffective
at correcting bone disease [13-17].

The aim of this study was to analyze different pa-
rameters of bone metabolism in MPS Il patients to bet-
ter comprehend the mechanisms responsible for their
skeletal pathology.

Material and methods

Study design

The study objective was to analyze different param-
eters of bone metabolism in patients with MPS II. All

patients were enrolled at the Department of Pediatrics,
St. Louis Regional Children’s Hospital, Cracow, Poland.

Patients

All patients participating in the study had a diagno-
sis of MPS Il confirmed by the biochemical determina-
tion of iduronate-2-sulfatase deficiency in leukocytes
and by molecular analysis. Patients’ characteristics are
shown in Table I.

Assessments

The following parameters were analyzed:

1. Parameters of calcium-phosphate metabolism (se-

rum levels of: calcium, phosphorus, alkaline phos-
phatase (ALP), parathormone (PTH), 25(0H)D).
Total serum 25(0OH)D, the metabolic precursor of cal-
citriol, is considered the best indicator of body stores
and vitamin D axis activity. Vitamin D deficiency and
insufficiency were defined as 25(0H)D concentration
<50 nmol/l (20 ng/ml) and between 50 and 75 nmol/I
[18,19].

2. Parameters of bone formation (osteocalcin) and re-
sorption (B-crossLaps) in serum.

3. Bone mineral density (BMD) of the lumbar spine
using dual energy X-ray absorptiometry (DXA).
BMD of the lumbar spine (L1-L4) was assessed by
DXA using the Hologic QDR DELPHI W (USA). For the
pediatric patients, the BMD results were converted
to age- and gender-specific Z-scores based on the
WHO normative reference data for BMD [20]. Due
to the considerable height deficits for MPS patients,
BMD z-scores were then adjusted for height-for-age
Z-score (HAZ) according to the method of Zemel et
al. [21], which provides an adjustment for growth
deficits in BMD by DXA. For the 2 patients above age
19, the BMD results were converted to gender-spe-
cific T-scores based on WHO normative reference
data for BMD [20]. The World Health Organization
(WHO) defines osteoporosis in adults as a lumbar
spine DXA T-score < =2.5.

4. Radiographs of osteoarticular system (hands, thora-
co-lumbar spine, and long bones).

Ethical consideration

The protocol was approved by the human-subjects
institutional review board at St. Louis Hospital. Written
informed consent had to be provided by the parents or
legal guardians.

Results

Parameters of calcium-phosphate metabolism (se-
rum levels of calcium, phosphorus, alkaline phosphatase
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Table I. Patient characteristics (demographic, molecular characteristics and clinical phenotypes)

Patient Age at Body height (cm)/ Current age Mutations Phenotype
No. diagnosis percentile (years)
(years)

1 6 150 (< 3™) 29.5 nd neurological
2 3 125 (< 39) 22.5 nd neurological
3 6 122 (< 39) 9 deletion of IDS gene neurological
4 6 136 (< 31) 11.5 c.257C>T neurological
5 4 120.2 (< 3") 9 €.1001 A>C neurological
6 3.5 117.9 (50™) 4.5 €.998C>T neurological
7 4 121.5 (50™) 5.5 intragenic inversion neurological

nd —not done

(ALP), parathormone (PTH), 25(0H)D) are presented in
Table II. It was found that all patients were normocalce-
mic, while 4/7 presented with hypophosphatemia.

In 5 patients levels of alkaline phosphatase were
within the normal range, while in 2 they were below
the normal level. Four patients had an increased level
of PTH.

Six patients had decreased levels of vitamin 25(0H)D,
in 5 of them it was significant (< 10 ng/ml). In the young-
est patient, vitamin 25(0H)D level was within the lower
normal range. In 3 patients, decreased level of vitamin
25(0H)D was associated with increased serum level of
PTH (secondary hyperparathyroidism).

Assessment of bone turnover (osteocalcin) and
B-Ctx (Table Il) demonstrated that 5 patients had in-
creased levels of osteocalcin, and all patients had high
levels of beta-CTx.

Bone mineral density (BMD) of the lumbar spine as-
sessed by DXA of the lumbar spine was performed in 5
out of 7 patients, including 2 patients over 18 years old.
Two patients were not assessed — in one case due to
the young age of the patient (under 5 years), while in the
second case —the patient refused.

The study revealed that 2 adult patients had osteo-
porosis (T-scores —3.9 and —5.7) and the fracture risk was
assessed as high, however in 3 pediatric patients the
Z-score was within the normal range.

Radiographs in 2 adult patients corresponded to
BMD. In these patients, significant loss of bone mass
was observed in long bones, tarsal bones, metaphyses
of forearms, wrist bones, and vertebrae. Radiographs
were also assessed to confirm dysostosis multiplex and
other radiological skeletal manifestations of MPS Il and
included radiographs of hands which showed: hypoplas-

Table II. Parameters of calcium-phosphate metabolism as well as bone formation and resorption in MPS Il patients

Patient Calcium Phosphorus ALP PTH 25(0H)D, Osteocalcin CrossLaps
(mmol/l) (mmol/l) (U/L) (pg/ml) (ng/ml) (ng/ml) (pg/ml)
1 2.25 121 119 41.05 22144 57.02 673.00
(2.10-2.55) (0.87-1.45) (55-212) (15-65) (30-80) (0-70)
2 217 134 146 35.80 8584 148.90 T 2824.00
(2.10-2.55) (0.87-1.45) (55-212) (15-65) (30-80) (0-70)
3 2.21 1374 136 4 778771 <4.004 740171 930.20
(2.20-2.70) (1.45-1.78) (156-386) (4.60-34.00) (20-60) (0-70)
4 2.32 1444 212 27.64 <4.00 4 49.09 1106.00
(2.20-2.70) (1.45-1.78) (122-488) (2.50-25.00) (20-60) (0-70)
5 2.44 1364 1424 25.67 495 81.23 1T 876.50
(2.20-2.70) (1.45-1.78) (156-386) (4.60-34.00) (20-60) (0-70)
6 2.47 1.68 308 31.29 1 29.06 115.10 1 1746.00
(2.20-2.70) (1.45-1.78) (134-346) (4.40-16.00) (20-60) (0-70)
7 242 1404 215 21391 7.62 4 200.10 T 2202.00
(2.20-2.70) (1.45-1.78) (134-346) (4.40-16.00) (20-60) (0-70)

ALP — alkaline phosphatase; PTH — parathormone; ranges in healthy population are presented in brackets

Reumatologia 2014; 52/6




Bone metabolism in patients with mucopolysaccharidosis type Il

357

tic and irregularly shaped carpal bones, proximal point-
ed metacarpals, bullet-shaped phalanges, V-shaped
hypoplastic distal ulna and radius, osteoporosis, and
erosions (Fig. 1; patient 1).

Thoraco-lumbar spine X-ray (Fig. 2a and b; patients
4 and 6) showed malformations of the vertebral bodies
(a deficiency in its anterosuperior corner and, as a con-
sequence, an apparent prolongation of the anteroin-
ferior one, resulting on the lateral X-ray in an ‘anterior
beaking’ aspect), flattened and rounded vertebrae, sco-
liosis, osteoporosis, shortened and thickened clavicles,
and paddle-shaped ribs.

Also X rays of long bones were performed (Fig. 3a
and b; patients 4 and 1) and revealed shortened and
curved diaphyses, slightly hypoplastic epiphyses thinned
cortically with osteoporosis, diffuse cortical thinning,
frayed and flared tibial metaphyses, and hypoplasia of
the lateral tibial hemiplate resulting in genu valgum.

Discussion

Pathogenesis of osteopenia and osteoporosis in MPS
Il patients is multifactorial.

On one hand, a genetic defect results in aber-
rant cartilage and bone development and progressive

L

10,2080-18-uGy

changes in the osteoarticular system. On the other
hand, decreased physical activity of the patients, and,
sometimes, total immobility (lack of mechanical stimu-
lation and vitamin D insufficiency) lead to disruption of

Fig. 1. Manifestations of dysostosis multiplex in
the hands. Radiograph showing hypoplastic and
irregularly shaped carpal bones, proximal pointed
metacarpals, bullet-shaped phalanges, V-shaped
hypoplastic distal ulna and radius (patient 1).

Fig. 2 a,b. Manifestations of dysostosis multiplex in the spine. Radiographs showing (a) malformations
of the vertebral bodies (a deficiency in its anterosuperior corner and, as a consequence, apparent prolon-
gation of the anteroinferior one, resulting on the lateral X-ray in an ‘anterior beaking’ aspect (patient 4);
(b) flattened and rounded vertebrae, scoliosis (patient 6).

Reumatologia 2014; 52/6



358

Zbigniew Zuber, Agnieszka Jurecka, Anna Krél-Zdechlikiewicz, et al.

4-65.7 6uGy

Fig. 3 a,b. Manifestations of dysostosis multiplex in the long bones. Radiographs showing (a) slightly hypo-

plastic epiphyses thinned cortically with osteoporosis, diffuse cortical thinning, frayed and flared tibial me-
taphyses (patient 4); (b) shortened and curved diaphyses, slightly hypoplastic epiphyses, thinned, cortically
frayed and flared tibial metaphyses, and hypoplasia of the lateral tibial hemiplate (patient 1).

calcium-phosphate homeostasis and bone mass loss.
Growth in length relies on the perfectly orchestrated
proliferation and differentiation of chondrocytes in the
growth plate —a process that is irreversibly disturbed in
MPS by the lack of GAG turnover [12]. The main causes
of osteopenia in MPS patients are probably abnormal
bone remodeling (osteoblast/osteoclast dysfunction)
and abnormalities in the growth plate, exacerbated by
immobility in an advanced stage of the disease [12].
Secondary cellular responses, involving interaction of
GAGs with bone morphogenetic proteins (BMPs) and fi-
broblast growth factor (FGF), may play a role in all bone
and joint problems seen in MPS patients [12]. The psy-
chomotor retardation in MPS Il patients might also con-
tribute to osteopenia and osteoporosis. The secondary
inducers include immobilization, too little exposure to
the sun, poor nutritional status, vitamin D deficiencies
and anti-epileptic treatment [12].

To the best of our knowledge, this is the first study
describing different parameters of bone metabolism in
MPS Il patients. We found that MPS Il patients were nor-
mocalcemic due to the mechanism of calcium homeo-
stasis, which led to the disruption of other parameters
of calcium-phosphate metabolism. The majority of our
patients had incorrect levels of other parameters of

Reumatologia 2014; 52/6

calcium-phosphate metabolism such as: hypophospha-
temia, decreased ALP increased PTH, and vitamin D de-
ficiency with secondary hyperparathyroidism. Only the
youngest 4-year-old patient had a vitamin D level within
the normal range. Vitamin D insufficiency in patients
with MPS Il increases with age and is usually signifi-
cant. Due to low serum levels of vitamin D,, all patients
started supplementation with vitamin D, (Cholecalcif-
erolum®, Polpharma, Poland, dose 3 drops per 500 IU)
as well as calcium (Coral Calcium, dose 1000 1U/24 h) for
a period of 12 months.

Vitamin D, a pleiotropic hormone, has been increas-
ingly implicated in the proper functioning of multiple
organs, with deficiency states associated with cardio-
vascular disease, asthma, multiple sclerosis, diabetes,
acute lower respiratory infections, and cancer. Vitamin D
not only plays a well-established role in calcium homeo-
stasis, but also has been shown to influence cardiac
myocytes and endothelial function through cellular re-
ceptors [22], as well as modulating white cell prolifera-
tion and maturation [23, 24]. Clinical manifestations of
severe vitamin D deficiency such as rickets in children
and osteomalacia in adults are rarely noted. The basic
abnormalities are delay in skeleton mineralization rate
and failure of 1,25(0H),-vitamin-D-dependent mecha-
nisms in osteoblasts. Vitamin D plays an important role
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in osteoblast differentiation in vivo, and enhances the
in vitro expression of alkaline phosphatase, osteopontin
and osteocalcin pivotal genes [25]. In addition, reduced
supplies of calcium/phosphorus with secondary hyper-
parathyroidism may lead to unbalanced bone turnover
and osteopenia [11]. Hopefully, early supplementation
with vitamin D and calcium will minimize disruption
of calcium-phosphorus metabolism and resulting bone
loss leading to improved quality of patients’ lives. How-
ever, subsequent studies are still required to establish
whether rapid restoration of vitamin D body stores has
an impact on disease course and outcome.

Apart from disrupted calcium-phosphorus metabo-
lism, the majority of our patients had high serum levels
of osteocalcin, and all the patients had high levels of
B-CTx leading to high-turnover osteoporosis in the adult
patients.

Two adult patients had osteoporosis (T-scores —3.9
and —5.7), while in 3 pediatric patients the Z-score was
within the normal range.

Recently, Lin et al. found a high prevalence of osteo-
penia (31%) or osteoporosis (15%) by DXA in MPS pa-
tients under 19 years of age unselected for skeletal
problems [26]. Fung et al. evaluated BMD by DXA in
8 patients with MPS Il or VI who were receiving enzyme
replacement therapy and found that BMD was within the
normal range for most of the patients, particularly after
correction for short stature [10]. However, BMD was not
measured prior to the initiation of ERT, and thus, it is un-
clear whether the normal values existed prior to ERT or
represented a treatment effect. In our patients, compari-
son of BMD values shows relevant differences: adult pa-
tients had significant degrees of osteoporosis, with low
BMD. In contrast pediatric patients showed no densito-
metric signs of skeletal disease. Differences among these
patients were related to the length of the disease pro-
cess and immobilization in the case of the older patient.

Assessment of BMD of the lumbar spine DXA in MPS
patients can be a good tool for monitoring osteoporosis
and osteopenia, but only in correlation with bone radio-
graphs, levels of parameters of calcium-phosphorus me-
tabolism and other bone turnover markers. Additionally,
the results are corrected for short stature. DXA provides
a 2-dimensional image from which 3-dimensional bone
density is estimated, which falsely reduces BMD in chil-
dren with short stature simply because of small bone
size [21]. In has to be kept in mind, that bone geome-
try, which is abnormal in MPS disorders, also influences
DXA measurements.

Bone radiographs are not highly sensitive for quanti-
tative bone mass assessment, although incorrect miner-
alization can be suspected in the spine when trabeculae
appear radiologically indistinct or fuzzy [27]. Several MPS

types and other lysosomal storage disorders share char-
acteristic skeletal features revealed by X-ray radiological
examination that are described as dysostosis multiplex.
In MPS, dysostosis multiplex generally involves malfor-
mations of the skull, thorax, spine, pelvis, long bones
and hands. Our patients presented with typical features
(Figs. 1-3). Regular imaging of the cervical, thoracic and
lumbar spine, the hips and lower extremities is recom-
mended for patients with MPS.

Checks on vitamin D metabolism and DXA represent
simple and reproducible means to monitor nutritional
supply and assess bone loss in patients with MPS 11, al-
though adequate interventions to correct BMD and im-
prove skeletal health in the long term are still needed.
Enzyme replacement therapy (ERT) is currently available
for MPS 11, but it has achieved little improvement of bone
disease in humans. Although ERT can be a life-lengthen-
ing therapeutic measure, it does not seem to alter the
natural history of the skeletal disorder in MPSs and chil-
dren will still endure the skeletal changes of the disease.
Similarly, although hematopoietic stem-cell transplanta-
tion (HSCT) leads to some positive changes, it does not
greatly reduce the skeletal abnormalities. Another alter-
native might be growth hormone (GH), which improves
osteopenia in pediatric patients with growth hormone
deficiency [28]. It is not known, however, whether it also
improves the osteopenia in MPS patients. In a GH defi-
cient rat model it was demonstrated that GH adminis-
tration increases periosteal and endocortical bone for-
mation and mitigates trabecular bone loss by increasing
bone formation [28]. Since trabecular bone loss has
been demonstrated in most MPS animal models, it may
be worthwhile to investigate the effect of GH dosing in
MPS patients [12].

Physiotherapy and exercise might also improve
osteopenia in MPS patients [12]. Physical exercise im-
proves bone mass in growing children. Although the pre-
cise mechanism whereby it influences bone metabolism
is not known, responses to greater mechanical stress
and to changes in endocrine parameters are both likely
contributors [29].

Therapeutic strategies that enhance bone forma-
tion may reduce the incidence of bone disease in MPS
patients. Supplementation with calcium and vitamin D
may be an inexpensive approach to mitigate osteopenia
and improve quality of life in patients with advanced
MPS, tailoring dosage to the individual patient, ensur-
ing compliance, and carefully monitoring hypocalcemia/
hypercalciuria [11]. Subsequent studies are still required
to establish whether rapid restoration of vitamin D body
stores has an impact on disease course and outcome.
The study of pathologies associated with MPS are con-
ducted on relatively small groups of patients due to the
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fact that this is a very rare disease. This creates a need
for further research, meta-analysis of the obtained re-
sults, and the exchange of experience between research
centers working in this field.

Conclusions

MPS 1l patients have disturbed serum parameters of

bone metabolism and may have increased risk of osteo-
porosis or osteomalacia.

Supplementation with vitamin D may be required in

all MPS patients.
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