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Abstract: Mucopolysaccharidosis type IVA (MPS IVA, or Morquio syndrome type A) is an inherited
metabolic lysosomal disease caused by the deficiency of the N-acetylglucosamine-6-sulfate sulfatase
enzyme. The deficiency of this enzyme accumulates the specific glycosaminoglycans (GAG),
keratan sulfate, and chondroitin-6-sulfate mainly in bone, cartilage, and its extracellular matrix.
GAG accumulation in these lesions leads to unique skeletal dysplasia in MPS IVA patients. Clinical,
radiographic, and biochemical tests are needed to complete the diagnosis of MPS IVA since some
clinical characteristics in MPS IVA are overlapped with other disorders. Early and accurate diagnosis
is vital to optimizing patient management, which provides a better quality of life and prolonged
life-time in MPS IVA patients. Currently, enzyme replacement therapy (ERT) and hematopoietic stem
cell transplantation (HSCT) are available for patients with MPS IVA. However, ERT and HSCT do not
have enough impact on bone and cartilage lesions in patients with MPS IVA. Penetrating the deficient
enzyme into an avascular lesion remains an unmet challenge, and several innovative therapies are
under development in a preclinical study. In this review article, we comprehensively describe the
current diagnosis, treatment, and management for MPS IVA. We also illustrate developing future
therapies focused on the improvement of skeletal dysplasia in MPS IVA.

Keywords: MPS IVA; GALNS; keratan sulfate; skeletal dysplasia; LC-MS/MS; bone-targeting; tracheal
reconstructive surgery

1. Introduction

Mucopolysaccharidosis type IVA (MPS IVA, so-called Morquio syndrome type A) (OMIM 253000)
is an autosomal recessive inherited disorder and one of the common lysosomal diseases (LSDs),
caused by the deficiency of lysosomal hydrolase, N-acetylglucosamine-6-sulfate sulfatase (GALNS)
enzyme (EC 3.1.6.4) [1–4]. The deficiency of this enzyme accumulates glycosaminoglycans (GAG)
such as keratan sulfate (KS) and chondroitin-6-sulfate (C6S) in multiple tissues, mainly bone, cartilage,
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heart valves, and cornea, leading to devastating skeletal dysplasia with incomplete ossification and
successive imbalance of growth [2,5,6].

In 1929, L. Morquio and J. F. Brailsford first reported MPS IVA, independently [7,8]. The prevalence
range of MPS IVA was estimated from 1 in 76,000 to 1 in 640,000 births [9,10]. Excessive accumulation
of KS and C6S in bone, cartilage, and its extracellular matrix (ECM) causes unique skeletal dysplasia
in patients with MPS IVA. Although most patients with MPS IVA generally look healthy at birth,
patients often show skeletal deformities within a few years of age. Skeletal dysplasia with short neck
and trunk, cervical spinal cord compression, tracheal obstruction, pectus carinatum, laxity of joints,
kyphoscoliosis, coxa valga, and genu valgum are common features in a severe form of patients with
MPS IVA [5,11–13]. MPS IVA patients often become severely handicapped and are forced to become
wheelchair bound when they are teenagers. Patients with a severe form die of respiratory problems,
cervical spinal cord complications, or heart valve disease in their 20s or 30s if untreated [11–13].

Conventional enzyme replacement therapy (ERT) and hematopoietic stem cell transplantation
(HSCT) are currently available for patients with MPS IVA; however, there is no definitive therapy for
providing a critical impact on bone and cartilage lesions [14–16]. ERT and HSCT are based on the
principle of cross-correction that lysosomal enzymes are uptaken by deficient recipients’ cells and their
lysosomes via the mannose-6-phosphate receptor. ERT for MPS IVA was approved in 2014 by the
Food and Drug Administration (FDA) and European Medicines Agency (EMA). However, there are
several limitations: (1) weekly infusions for 4–6 hrs, (2) rapid clearance (a short half-life time, 35 min
in human, and 2 min in mouse) [17,18], and (3) high price [14,16]. In addition, patients treated with
ERT have not shown any remission in skeletal dysplasia or bone pathology [14–16,19,20], as observed
in MPS IVA mice treated with ERT [18,21]. Thus, there is no proof that the current ERT provides an
impact on bone and cartilage lesions in MPS IVA—even after long-term treatment. HSCT could be
useful in patients with MPS IVA. Our collaborators and ourselves have experienced 13 cases of MPS
IVA patients treated with HSCT, and HSCT for MPS IVA have demonstrated the improvement of
pulmonary function, the activity of daily living, bone mineral density, cardiovascular involvement, and
laxity of joints, and the reduction of the number of the surgical interventions [22–25]. However, HSCT
often includes several critical issues about (1) finding a matched donor, (2) risks of graft versus host
disease (GVHD) and rejection, (3) limited impact on bone and cartilage lesions, and (4) requirement
of well-trained staffs and facilities. Most patients with MPS IVA need multiple orthopedic surgeries,
including spinal decompression/fusion, leg osteotomies, and hip reconstruction/replacement at an
early age. Tracheal reconstructive surgical intervention is often useful to improve airway complications
in a severe form of patients [19]. Thus, MPS IVA patients need both symptomatic and supportive
therapy in combination with the progression of this disorder.

In this review, we summarize diagnosis, current therapies, and management for MPS IVA.
We provide an update on ERT, HSCT, and surgical interventions for patients with MPS IVA and also
describe the current situation of developing new therapeutic options, including gene therapy and
novel enzyme therapies.

2. Diagnosis

2.1. Clinical Diagnosis and Phenotype

Clinical recognition of devastating skeletal dysplasia is essential to diagnose MPS IVA, combined
with the radiographic, genetic, and biochemical tests. Initial clinical signs and symptoms differed
depending on the severity of MPS IVA. Most MPS IVA patients usually look healthy at the neonatal
period; however, bone abnormalities in the spine can be seen through X-rays even at birth in a
severe form of patients with MPS IVA [26]. Patients with attenuated forms have fewer and milder
manifestations in bones, and life span is longer than that with more severe form. Skeletal symptoms are
found later in childhood or adolescence. Attenuated patients with MPS IVA could survive until more
or less 70 years [12]. The first symptoms are associated with the hip region, accompanied by pain and
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stiffness [27]. In this attenuated form, some clinical signs are related to minor skeletal abnormalities.
There is short stature and with the phenotype of osteoporotic pathology [28]. In spite of the severity
of MPS IVA, the most common symptoms include genu valgum, coxa valga, kyphoscoliosis, pectus
carinatum, wadding gait, spinal cord compression, laxity of joints, and rib flaring (Figure 1).
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Figure 1. Clinical features of an MPS IVA patient. The patients in this figure had severe form at
three years of age and had bone abnormalities of short stature, genu valgum, pectus carinatum,
kyphoscoliosis, and prominent forehead. His height is 90 cm with the 50th percentile of male MPS IVA
growth chart (adapted from Educational CD for Morquio and permitted by Carol Ann Foundation and
Morquio Conference; https://morquioconference.wixsite.com/morquio).

Airway complications, audiology complications, and dental abnormalities sometimes also provide
insights to diagnose MPS IVA. Airway obstruction is a life-threatening issue for this patient, and tracheal
obstruction is caused by the imbalance of growth between bones (spine, rib, and manubrium) and
vessels or trachea in the thoracic cavity [5,20]. Trachea appears redundant and twisted by images of
X-rays, MRI, and CT. This narrowing trachea facilitates and/or worsens respiratory infections and
airway obstruction in the lower respiratory tract, causing obstructive lung, loud snoring, look-up to
the sky position, shortness of breath, and sleep apnea [29].

According to the International Morquio A Registry, less than 50% of MPS IVA patients are
diagnosed before 5 years of age. The data from this registry also showed that the most common initial
signs are short stature (49.9%), genu valgum (45.1%), kyphosis (44.4%), pectus carinatum (43.6%),
and abnormal gait (37.8%) [3,30].

2.2. GALNS Enzyme and Genetic Diagnosis

MPS IVA is inherited in an autosomal recessive trait. The human GALNS enzyme was first
isolated from human placenta. These tissues were homogenized and processed through precipitation
with ammonium sulfate. Once the precipitates were extracted, the extracts were analyzed by
chromatographic columns of Concanavalin A Sepharose and DEAE-cellulose chromatography, to
isolate the enzyme. After filtration and further isolation by chromatographic columns such as the
Ultrogel Aca 34 column, Mono P, and Mono Q, it was possible to isolate this enzyme, subsequently
analyzed through SDS-PAGE electrophoresis gels where the two enzyme fractions were observed of 40
and 15 KDa detected by Western blotting. These two polypeptides are interconnected by the disulfide

https://morquioconference.wixsite.com/morquio
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bond [31]. The GALNS gene is located on chromosome 16q24.3, which contains 14 exons and 13 introns,
spanning approximately 50 kb in length. The GALNS gene comprises 1566 bp full-length of cDNA,
which encodes 522 amino acids with the 26 amino acid signal peptide [32,33]. In the lysosome, GALNS
is stabilized in a complex that includes other enzymes such as β-galactosidase, α neuraminidase [34],
and cathepsin A [26]. Cathepsin A is called “protective protein”, which protects the complex from
intralysosomal proteolytic effects. The protection of the enzymes, β-galactosidase and GALNS, helps
to avoid degradation of these enzymes and consequently promotes degradation of KS [26,35].

Until 2014, a series of studies on patients with MPS IVA conducted in different ethnic populations
identified more than 200 different mutations. In MPS IVA as observed in other lysosomal diseases,
to determine the correlation between the phenotype and the genotype remains a challenge, due to the
high genetic variability and compound heterozygous condition. The previous studies to define the
phenotype/genotype correlation have demonstrated the aggravating factors including homozygous
mutations, residual enzymatic activity, mutant protein expression study, keratan sulfate level, and
in silico model of the GALNS protein. The genotype/phenotype correlation has been established as
follows; 85 as severe, 6 as intermediate, and 25 as mild, leaving many mutations without defining its
severity [36–43]. In 2016, there were already 327 mutations described, where 242 are missense/nonsense,
32 of splicing, 32 small deletions, 5 small insertions, 2 small indels, 9 gross deletions, 2 gross
insertions/duplications, and 3 complex rearrangements [38]. As of December 31, 2019, 362 mutations
were reported. To date, the number of mutations of this disease continues to increase [39]. Of all the
genetic variations described, the missense point mutation was the most abundant [30]. The three
most frequent mutations were represented by missense mutations (p.R386C, p.G301C, and p.I113F).
Missense mutations associated with the phenotype were investigated for their effects on the enzyme
activity and stability, the levels of KS, the location of mutations in the tertiary structure, and the loci of
the altered amino acid residues among the sulfatases [37]. The tertiary structure of GALNS protein
showed that three factors provide the severe phenotype; (1) destruction of the hydrophobic core or
modification of the packing (p.I113F, p.G301C, p.A351V, etc.), (2) removal or alteration of the salt bridge
to destabilize the entire conformation (p.R90W, p.R376Q, etc.), and (3) modification of the active site
(p.H166Q, p.G168R, etc.). Reversely, the mutations located on the surface of the GALNS protein are
likely to be associated with the attenuated phenotype (p.D60N, p.N204K, p.R259Q, etc.) [37].

Due to the high genetic variation, a genotype/phenotype correlation has been attempted to
determine which mutation produces a severe or attenuated phenotype [37,40–49]. In silico studies
were also performed to define the structural change that occurs in the GALNS protein [48]. The genetic
information contributes to the clarification of accurate diagnosis and pathology in MPS IVA.

2.3. Radiographic Diagnosis

Bone manifestations in the spine and chest are the main clinical symptoms in patients with MPS
IVA. During bone development, the ribs are skewered anteriorly and laterally and are very little
separated by the paravertebral portions. Kyphoscoliosis with a small and abnormal thoracic cage
is a characteristic feature in MPS IVA. All bone manifestations produced are aggravated with age.
Another critical feature in this disorder with the accumulation of GAG is odontoid hypoplasia, the lack
of ossification in the odontoid process combined with ligamentous laxity, leading to atlantoaxial
subluxation and spinal cord compression with consequent cervical myelopathy, quadriparesis, or even
death [3,11].

A lack of exercise in this area masks cervical myelopathy, which causes loss of bowel and bladder
control, numbness, pain, and weakness, eventually leading to paralysis. At the early stage, the leading
cause of mortality in MPS IVA is related to spinal cord compression and the following atlantoaxial,
posterior cervical myelopathy. Cervical spinal decompression and fusion surgery is often operated to
alleviate neural compression and to stabilize the spine; however, the anesthetic risk must be evaluated
due to the difficult airway. If cervical spinal cord compression and cervical instability are untreated,
life expectancy in patients with MPS IVA will be between 20–30 years of age [5,50].
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When the upper extremities are studied, the irregular epiphyses and widened metaphyses can be
commonly seen. The epiphyseal involvement characteristic of MPS IV is exemplified by the tapered
irregular distal radius and ulna. The bones are osteopenic with cortical thinning. The mild widening
of the diaphysis of the humerus is also visible. With aging, the bone deformity progresses, with tilting
of the radial epiphysis towards the ulna. The humerus usually appears shortened later. The hands in
time take on a characteristic tilting of the radial epiphysis towards the ulna results from a combination
of metaphyseal deformities, hypoplasia of the bones, and degradation of connective tissues near the
joint secondary to GAG accumulation [30,51]. The hands have reduced phalanges due to a shortening
in the metacarpals as well as irregularities in the carpal bones. The tapering of the proximal portion of
metacarpals 2 through 5 and small irregular carpal bones are seen [30,51]. Hyperlaxity of the joints
appear mainly at two years of age [2,3].

In the study of the hips and lower extremities, multiple bone deformities appear in the pelvic
bones, including spondyloepiphyseal dysplastic femoral heads and oblique acetabular roof with coxa
valgus deformity and flared iliac wings. The most common lower extremity deformities are genu
valgum (knock knees) [12,52,53]. A skew foot posture is seen for both legs as well as an increased
sandal gap between toes 1 and 2, as shown in Figure 2.
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Figure 2. X-ray images of a 17-year-old male patient with MPS IVA. Images show skeletal dysplasia
(dysostosis multiplex); (A) incomplete ossification and prominent forehead, (B) incomplete ossification
in odontoid process and subluxation of the atlas secondary to odontoid hypoplasia with platyspondyly
of cervical vertebrae, (C) cortical thinning and mild widening of the diaphysis of the humerus and
tilting of the radial epiphysis towards the ulna producing curvature, (D) genu valgum with cortical
thinning of tibia and fibula, (E) the accentuated dorsal thoracolumbar kypholordosis with the advanced
platyspondyly, irregularity, and anterior beaking of vertebral bodies characteristic of MPS IVA and flared
ribs, (F) abnormal thoracic cage, pectus carinatum and scoliosis with oar shaped ribs: the ribs are wide
anteriorly and laterally and overconstricted in their paravertebral portions, (G) spondyloepiphyseal
dysplastic femoral heads and oblique acetabular roof with coxa valgus deformity and flared iliac wings.
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2.4. Biochemical Diagnosis

2.4.1. GAG Level in Urine

The diagnosis for MPS IVA can be completed with unique clinical features and biochemical
analyses in blood and urine samples. Multiple techniques have conducted studies on the measurement
of total urinary GAGs. A universal method is through a chemical reaction that manifests itself in a
colorimetric manner, where the detection of GAG is due to the union of nonspecific across disulfide
bridges with the dimethylmethylene blue (DMB) [54]. This technique has the advantage of being
fast and economical; however, this method is less used because of many false positives, especially
in the samples of MPS IVA patients [54–57]. Urine GAG levels did not clearly distinguish the MPS
IVA patients from normal individuals. Approximately 20% of MPS IVA patients overlapped with the
normal range. DMB method can not be applied to blood samples since the blood samples include an
abundance of proteins to interfere in the reaction.

2.4.2. KS Level

The levels of blood and urine KS are age-dependent. The ELISA method was first developed for
the detection of KS in blood and urine [56]. The method separated the age-matched control samples
from the samples in MPS IVA patients. Blood KS levels in MPS IVA patients were two to eight folds
higher than those in age-matched controls. The blood KS level varied with age and clinical severity.
Blood KS levels in both MPS IVA and controls peaked between 5 and 10 years of age. Blood levels in
severe MPS IVA were higher than in the milder form. In contrast to blood, urine KS levels in both MPS
IVA and controls peaked between 1 and 5 years of age, and after that declined with age. Urine KS
levels for MPS IVA patients and normal controls were different at any age. After 5 years of age, urine
KS levels in MPS IVA began to decrease gradually. This decrease was the most remarkable in the
patient group between ages 5 and 10 years of age and 10 and 15 years of age. After 15 years of age,
the KS excretion continued to decline and reached a plateau after 20 years of age. The excretion of
urine KS was significantly different between MPS IVA patients and normal controls even after age
20 years. Although the degree of decline in the urine KS concentration proportional to age paralleled
that of blood KS concentration, urine KS level remained higher than the control.

Another technique to measure blood and urinary KS is by liquid chromatography tandem mass
spectrometry (LC-MS/MS) [58–62]. Blood and urine KS measurements in patients with MPS IVA
were age-dependent and higher than age-matched healthy controls [60,61]. We observed a moderate
correlation between urine KS measurements and a weak relationship between blood KS measurements
by ELISA and LC-MS/MS methods in patients [61]. The difference between KS measurements assayed
by LC-MS/MS and ELISA was more significant in controls than in patients. A moderate correlation
between blood and urine KS measurements in the same individual was observed. These findings
indicate that both methods to measure blood and urine KS are suitable for diagnosis, monitoring
therapies, and longitudinal assessment of the disease course in MPS IVA, but the LC-MS/MS method
measures over 10 times more KS present in body fluids. This type of analytical tool allows more
extensive studies to detect KS in different biological specimens (blood, urine, dried blood spots, tissues,
etc.) and applies to newborn screening with high sensitivity and specificity, which makes it feasible to
reduce the false positive and negative in the diagnosis [63–69]. Although the determination for the KS
in urine and blood leads to precise diagnosis in MPS IVA, more biomarkers, including pro-inflammatory
factors, are required for the prognosis, therapeutic efficacy, and clarification of pathogenesis with the
development of advanced therapies [70,71].

2.4.3. C6S Level

C6S is accumulated in systemic tissues, especially growth plates, aorta, and cornea in patients
with MPS IVA [72–74]. Shimada et al. [75] established a quantitative method for C6S in human blood
and urine using LC-MS/MS by separating C6S from other CS disaccharides. The levels of C6S in blood
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acids that are recovered from the lysosome and are reused by mitochondria [152], transferrin transport
is also affected [153] in autophagy phenomena [154]. There are also problems with the pathosystem
endosome [155] due to cholesterol storage in the membrane of that endosome. This cholesterol reserve
blocks a complex necessity to direct the lysosome [155]. Regarding of MPS IVA, there has been little
study on the effect of nanomedicine [142,156]. In 2019, Alvarez et al. developed a NLC containing
elosulfase alfa and studied its efficacy using in vitro cellular models and its in vivo biodistribution
in mice. The solid formulation easily re-dispersed in injectable medium has been devised to protect
and stabilize the enzyme. The results showed the capacity of the NLC to internalize cells and to reach
lysosomes releasing the enzyme. Experiments developed using pathological tissues showed the ability
of the nanostructures to release the GALNS enzyme in target cells and to degenerate accumulated
GAGs in affected cells. Additionally, the in vivo tissue distribution after intravenous administration
into mice showed the capacity of the NLC to reach hard-to-accessible organs (i.e., brain, cartilage, bone,
etc.) (Figure 4) [142].
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Figure 4. Distribution of nanostructured lipid carriers containing GALNS in mouse tissues. Images
different tissues in wild type mouse, (1a) confocal microscopy brain tissue, (1b) electronic microscopy
nanoparticles inside of neuron cell, (2a) confocal microscopy lung tissue, (2b) electronic microscopy
nanoparticles inside of pneumocyte cell, (3a) confocal microscopy liver tissue, (3b) electronic microscopy
nanoparticles inside of hepatocyte cells, (4a) confocal microscopy spleen tissue, (4b) electronic
microscopy nanoparticles inside of macrophages cells, (5a) confocal microscopy kidney tissue, (5b)
confocal microscopy renal tubule cells, (6a) confocal microscopy muscle tissue, (6b) confocal microscopy
fibroblast cell, (7) images of mouse cartilage of mice at different zoom, showing that the cell inside
of the cartilage contains nanoparticles (pink color) (7a) picture of cartilage ×20 zoom, (7b) picture of
cartilage ×40 zoom, (7c) picture of cartilage ×63 zoom, (7d) picture of cartilage ×100 zoom.

Nanomedicine appears an excellent tool to improve the efficacy of ERT due to the following
reasons; (i) to protect the enzymes and avoid molecular recognition by the immune system, preventing
the selective production of antibodies, (ii) to promote the cell uptake and the drug delivery inside in
the lysosomes, and (iii) to promote the crossing of the biological barrier better than the enzyme alone.
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3.5.4. Pharmacological Chaperone Therapy

According to several studies on MPS, most of the mutations on lysosomal enzymes may affect
protein processing, folding, glycosylation, and stability [37,157]. Based on these findings, the use of
small molecules—called pharmacological chaperones—can improve protein misfolding, intracellular
trafficking of the enzyme, abnormal protein aggregation and enhanced ER stress [158]. Pharmacological
chaperone therapy has been evaluated in LSD [159–161] including MPS II [162] and MPS IIIC [160].
The advantage of pharmacological chaperone therapy compared with ERT is (1) wide distribution of the
drugs into multiple tissues including the central nervous system, (2) availability of oral administration,
and (3) low possibility of immunogenicity. However, there is still unknown information about;
(1) intracellular distribution of the drugs, (2) off-target side effect, (3) inhibition of the activity on the
enzyme, and (4) availability on a variety of mutations [163]. Recently, Alméciga-Díaz et al. showed that
two potential GALNS pharmacological chaperones for MPS IVA—ezetimibe and pranlukast—were
identified by molecular docking-based virtual screening [164]. Both chaperones significantly increased
GALNS activity in MPS IVA fibroblast cells carrying p.R61W, p.W405_T406del, and p.A393S mutations.
Combined treatment of recombinant GALNS with ezetimibe or pranlukast also provided an additive
effect in this fibroblast. Further studies should be required to evaluate the impact of these compounds
on bone and cartilage lesions using animal models.

4. Conclusions

MPS IVA is characterized by severe systemic skeletal dysplasia, subsequent airway obstruction,
spinal cord compression, and cardiovascular disease, which are often life-threatening issues for patients
with this disorder. However, conventional ERT provides a limited impact on bone and cartilage
lesions of patients with MPS IVA [14–16], even if it started at an early stage. Although several
studies showed that HSCT may have effects on bone, there is no proof to improve bone growth after
long-term observation of treatment with HSCT starting at over 4 years of age [22–25]. Due to avascular
characteristics of bone lesions, secreted or infused enzyme in circulation is difficult to penetrate
cartilage cells of growth plates and articular discs. An advantage of gene therapy in MPS IVA is to
provide sustained high levels of the enzyme in circulation. If supraphysiological enzyme activity
levels are obtained, enough enzyme should be delivered in bone and cartilage lesions. In addition,
the bone-targeting method is another option to improve the delivery of enough enzymes into bone and
cartilage lesions. Our developing bone-targeting method using oligopeptide showed the potential for
improving skeletal abnormalities in MPS IVA [21,122], and this bone-targeting strategy combined with
gene therapy and new ERT should be new candidates for this disorder. Early diagnosis is necessary to
obtain enough effects of therapies and prevent the progression of this disease since the progression of
skeletal dysplasia in MPS IVA starts from neonatal periods. We have established a highly sensitive
and specific quantitative method to measure GAG by LC-MS/MS, and newborn screening using our
method should help early diagnosis for MPS patients, including MPS IVA [65,66,75]. Therefore, both
early diagnosis and effective therapy for MPS IVA are required to cure skeletal dysplasia of patients
with MPS IVA.
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Abbreviations

AAV Adeno-associated virus
ADL Activity of daily living
BBB Blood-brain barrier
BMD Bone mineral density
BMT Bone marrow transplantation
C6S Chondroitin-6-sulfate
CBA Chicken β-actin
CSF Cerebrospinal fluid
CT Computed tomography
D8 Aspartic acid octapeptide
DBS Dried blood spot
DMB Dimethylmethylene blue
ECM Extracellular matrix
ELISA Enzyme-linked immunosorbent assay
EMA European Medicines Agency
ERT Enzyme replacement therapy
FDA Food and Drug Administration
FEV1 Forced expiratory volume in 1s
FVC Forced vital capacity
GAG Glycosaminoglycans
GALNS N-acetylgalactosamine 6-sulfate sulfatase
GVHD Graft versus host disease
HS Heparan sulfate
HSCT Hematopoietic stem cell transplantation
KS Keratan sulfate
LC-MS/MS Liquid chromatography tandem mass spectrometry
MPS Mucopolysaccharidosis
MRI Magnetic resonance imaging
NLC Nanostructured lipid carriers
SDET Substrate degradation enzyme therapy
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