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Abstract

Morquio A syndrome is an autosomal recessive disorder, one of 50 lysosomal storage diseases
(LSDs), and is caused by the deficiency of N-acetylgalactosamine-6-sulfate sulfatase (GALNS).
Deficiency of this enzyme causes specific glycosaminoglycan (GAG) accumulation: keratan
sulfate (KS) and chondroitin-6-sulfate (C6S). The majority of KS is produced in the cartilage,
therefore, the undegraded substrates accumulate mainly in cartilage and in its extracelluar matrix
(ECM), causing direct leads to direct impact on cartilage and bone development and leading to the
resultant systemic skeletal spondyloepiphyseal dysplasia. Chondrogenesis, the earliest phase of
skeletal formation that leads to cartilage and bone formation is controlled by cellular interactions
with the ECM, growth and differentiation factors and other molecules that affect signaling
pathways and transcription factors in a temporal-spatial manner. In Morquio A patients, in early
childhood or even at birth, the cartilage is disrupted presumably as a result of abnormal
chondrogenesis and/or endochondral ossification. The unique clinical features are characterized by
a marked short stature, odontoid hypoplasia, protrusion of the chest, kyphoscoliosis,
platyspondyly, coxa valga, abnormal gait, and laxity of joints.

In spite of many descriptions of the unique clinical manifestations, diagnosis delay still occurs.
The pathogenesis of systemic skeletal dysplasia in Morquio A syndrome remains an enigmatic
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challenge. In this review article, screening, diagnosis, pathogenesis and current and future
therapies of Morquio A are discussed.
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Introduction

Morquio A syndrome (Mucopolysaccharidosis type IVA, MPA IVA) is an autosomal
recessive lysosomal storage disorder (LSD) caused by deficiency of N-
acetylgalactosamine-6-sulfate sulfatase (GALNS). This enzyme deficiency leads to
progressive accumulation of excessive glycosaminoglycans (GAGS), keratan sulfate (KS)
and chondroitin-6-sulfate (C6S) primarily in the lysosomes of bone, cartilage, and ligaments
and in the extracellular matrix (ECM) of these tissues,(1-4), since KS is produced mainly in
cartilage tissue. The excessive storage of GAGs causes systemic skeletal
spondyloepiphyseal dysplasia seen as striking short trunk stature, cervical spinal cord
compression, pectus carinatum, kyphoscoliosis, knock-knee, hypermobile joints, and an
abnormal gait with an increased tendency to fall.(5-7) (Figure 1) Many patients become
wheelchair-dependent in their second decade and undergo multiple surgeries to alleviate
serious medical complications. The respiratory failure from obstructive and restrictive lung
and spinal cord injury results in significant mortality. Patients often do not survive beyond
their twenties.(5-7)

Patients with Morquio A generally appear healthy at birth, but abnormal radiographs of the
spine are observed even at newborn prior to other clinical manifestations.(8) However,
diagnosis of Morquio A patients are often not made until two - three years of age with more
prominent skeletal dysplasia since total urine GAG level is within a normal limit.
Meanwhile, we have developed KS assay system by tandem mass spectrometry and have
shown importance of measurements of KS levels to screen this disorder and assess the
clinical status. (6-15)

Therapies for MPS include enzyme replacement therapy (ERT), gene therapy, hematopoietic
stem cell transplantation (HSCT), and substrate reduction therapy (SRT), all of which lead
to the partial improvement of clinical phenotypes.

Supportive measures are often provided. For joint pain, patients may receive non-steroidal
anti-inflammatory drugs, and antibiotics are prescribed for otolaryngology infections.
Surgical procedures are generally needed throughout life, including adenoidectomy,
tonsillectomy, ear placement, cervical decompression/fusion, corrective knee surgery, and
hip correction surgery.
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Morquio A Diagnosis

Blood and urine KS: Urinary analysis of GAGs is useful as a preliminary investigative test
for MPS, however, substantial overlapping in GAG levels between Morquio A patients and
the age-matched controls was reported,(9-14) leading to delay of diagnosis or misdiagnosis.
(9) Therefore, a more accurate screening biomarker for Morquio A is required. Deficiency
of GALNS activity results in the build-up of C6S and KS in lysosomes leading to
progressive skeletal dysplasia. Consequently, excessive undegraded KS mainly synthesized
in cartilage cells and responsible for skeletal dysplasia is released into circulation and is thus
an important biomarker for screening and assessing Morquio A.

A tandem mass spectrometry (MS/MS) method has been developed, which is highly specific
and sensitive to measure KS.(10-14) In healthy individuals, blood KS levels rise
progressively during the first 4 years of life and remain elevated until 12 years of age. At
that time, KS levels decline markedly and after 15 years of age the levels continue to fall
gradually until they stabilize around age 20.(11,13,14) The decline of KS levels after 13
years of age is consistent with the fact that the growth rate in normal children decreases after
age 13. In Morquio A patients, blood KS levels peak between 5 and 10 years of age while
urine KS levels peak between ages 0 and 5.(11,13,14) Blood and urine KS levels are higher
in Morquio A patients than in age-matched controls under 20 years of age. Urine KS levels
remain higher in Morquio A patients than controls after 20 years of age, but blood KS levels
tend to be normalized by age 20.(11,13,14) Level of blood and urine KS is correlated with
clinical severity at an initial stage, therefore, it is a good prognostic biomarker.

Blood KS directly displays growth, turnover, disruption and/or repair of cartilage where it is
mainly synthesized. Measurement of KS in dried blood spot can be convenient for transport
of samples and screening purpose. In contrast, urine KS has a broader range of value and
may not reflect cartilage condition since urine KS is filtered in kidney and only selected
smaller molecules are excreted in urine. Advantage in measuring urine KS is that it is less
invasive for the patients.

When Morquio A patients are treated by ERT, it is likely that urine KS level is reduced
rapidly since the enzyme is delivered to kidney and digests the KS stored in kidney.
Meanwhile, it is unlikely that blood KS level is reduced in a short term unless the enzyme is
delivered to the cartilage directly and improves bone lesions. Blood KS could be more
important to assess therapeutic effect in bone lesions and association with clinical
improvement. Another aspect of KS comes with the unexpected secondary elevation
presumably associated with bone lesions in other type of MPS patients. We have explored
whether KS can be used as a biomarker to evaluate therapeutic effect of ERT on MPS |
patients, leading to the reduction of blood KS after 72 weekly infusions and proved that KS
is a good biomarker for other type of MPS as well. (Figure 2)

The pilot study of a newborn screening for Morquio A by assaying blood KS level with LC-
MS/MS is under development supported by NIH fund (1IRO1HD065767-01). It is important
to investigate whether blood KS is already elevated at birth since we can assume when the
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bone degeneration may start and can prove the concept as a tool for 1st tier newborn
screening followed by the enzyme assay.

Overall, determination of KS concentrations provides a potential biomarker in screening the
high risk of Morquio A patient, assessing the clinical status at the initial progressive stage,
monitoring therapeutic effect and using 1st tier newborn screening followed by the enzyme
assay. The scheme of diagnosis of Morquio A is shown in Figure 3.

Current and Future Therapies for Morquio A

1) Orthopedic Surgical Procedures

Upper spine: Children with Morquio A have odontoid hypoplasia, ligamentous laxity,
incomplete ossification of the anterior and posterior rings of the atlas and extradural GAG
deposition, leading to instability of the neck and the spinal cord compression.(5-7, 16, 17)
Spinal cord compression is often evident on MRI at the craniocervical junction, as is
deposition of storage materials on the tip of the odontoid process.(Figure 4) Untreated upper
cervical stenosis and instability can cause irreversible damage to the spinal cord (cervical
myelopathy).

Paraplegia or sudden death secondary to upper cervical spine instability and cord
compression is well-documented serious consequences of Morquio A.(5-7,16,17)
Decompression and fusion of the upper cervical spine is required to treat instability and
spinal cord compression. Early cervical spine management with prophylactic fusion has
been recommended to prevent cervical myelopathy and further complications.(18, 19)
Prophylactic fusion was reported to have better neurologic consequences compared with
fusions performed after neural compromise. (18, 19) Upper cervical spine fusion provides
reliable fusion and a stable neural outcome in patients with Morquio A. The odontoid
process usually ossifies after a cervical fusion.

Some patients who have undergone a successful upper cervical fusion develop symptomatic
instability below the fusion mass that requires extension of fusion to lower levels. Thus,
instability of distal junction is a major concern at long-term follow-up. It is required that
kyphosis of the cervicothoracic and thoracolumbar junctions should be evaluated for spinal
stenosis and potential spinal cord compression.

Upper cervical fusion procedure is safe and effective in patients affected by Morquio A to
treat or prevent upper cervical instability and neurological involvement although the
respiratory status and anesthetic procedure should be performed by a well-trained team with
experience in caring for Morquio A patients. Careful long-term observation is advocated for
early diagnosis and management of late complications (instability below the fusion level)
and a second area of compression.

Lower Extremity: Children with Morquio A have unique waddling gait, a slower walking
speed, reduced cadence, and reduced stride length.(20) Over 70% of the patients become
wheel-chair bound after teenage.(5) Increased knee flexion and valgus as well as external
tibial torsion are noted in stance phase and gait analysis demonstrates increased internal
varus moment in the knee. (20)
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The hips are either normal or slightly subluxated to start with in patients with Morquio A.
(Figure 5) The capital femoral epiphyses are smaller and progressively flatten and may
become fragmented over time. Progressive proximal and lateral movement of the femoral
heads is present, finally resulting in frank dislocation if no intervention is carried out.(Figure
5) The proximal femurs are in valgus in most patients. The acetabulum is to some extent
shallow when compared with normal acetabulum initially and becomes gradually more
dysplastic with subluxation of the hip. The acetabular deficiency is mostly antero-superior as
noted in a CT scan study.(22) A false acetabulum is often seen when the hips are dislocated.
The ossified femoral heads tend to flatten and erode,(Figure 5) and there is widening of the
femoral necks in adulthood. A saddle-shaped femoral head may ultimately be observed at
skeletal development. The destructive osteoarthritis, which particularly affects the hip joints,
is seen as a feature of the skeletal dysplasia in majority of patients, resulting in severe
restriction of movement and pain. The macrophage-derived foam cells appear in bone
marrow, synovium and ligaments.(Figure 7) Most patients could become wheelchair-bound
due to hip dislocation and pain. Ultimately, it leads to requirement of a total hip
replacement.

When the cartilage of the epiphyses is only partially ossified in patients with MPS IVA, the
result is epiphyseal dysplasia. The articular cartilage is abnormal and will degenerate
promptly and build up early arthrosis, particularly in the loaded lower extremities. Weight
loading and joint instability can delay or inhibit ossification of the epiphyses.

Surgery is often needed in these patients to preserve the hip joint.(Figure 6) Proximal
femoral varus and derotation osteotomies and procedures to improve acetabular coverage
such as a shelf arthroplasty can stabilize the hip and improve gait mechanics.(20) Recurrent
hip deformity is common if the hips are not properly contained. Joint replacement surgery in
adults may be needed in cases with severe arthritis and pain.

Progressive hip subluxation, genu valgum, and ankle valgus often needed surgical
procedures. The modalities and results of surgical intervention in the lower extremity in
children with Morquio A have recently been described. After shelf acetabuloplasty and
varus derotation osteotomy, no recurrent hip subluxation was observed while recurrence
after genu valgum correction was common.(21)

2) Enzyme Replacement Therapy (ERT)

ERT is an established and approved strategy of treating MPS including MPS 1,(23) MPS I,
(14, 25) and MPS V1.(26-29) Clinical trials with ERT in MPS I, 11, and VI show limited
improvement in joint pain, stiffness, or joint range of motion. Skeletal dysplasia is
irreversible by conventional ERT (30-32) since there is little or no evidence that the current
ERT directly delivers the enzyme to cartilage and bone lesions in MPS patients. The
effectiveness of treatment could be greater if it is introduced early in life.(33)

MPS IVA clinical trial is in progress. It is unlikely that the positive effect of ERT is direct
delivery of the enzyme to the cartilage. After six months of preclinical ERT in MPS IVA
mice there was little impact on bone pathology.(34) Recent surgical remnant from a 17-year-
old Morquio A patient in an extension clinical trial for 3 months did not show any reduction
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of vacuoles in chondrocytes (preliminary data). The underlying problems associated with
progressive skeletal deformity and laxity of joints will not be solved by current ERT with
native enzyme. It remains a challenge to achieve significant clinical efficacy for the
skeleton, particularly for diseases like MPS IVA. Careful long-term assessment will be
required to determine whether the infused enzyme will sufficiently improve skeletal
pathology for Morquio A patients. The response to ERT may depend on the starting age of
treatment and/or the severity of the clinical condition. In a short term treatment of ERT,
most patients have demonstrated decrease of urine KS level but decrease of blood KS level
has not been reported yet. Since the origin of urine KS could derive from KS stored or
filtered in Kidney, reduced urine KS seen in treated Morquio A patients may not reflect
improvement in bone pathology at least in the short term. Blood KS derives mainly from the
chondrocytes and therefore its reduction may directly reflect bone improvement. It would be
of great interest to know how much the blood KS levels will decrease over time.

Degenerative joint changes are not delayed in treated animals since birth, although skeletal
pathology is reduced, with more normalized bone dimensions and with more uniform bone
density and trabecular pattern.(35) ERT in MPS IVA mouse is effective at reducing the
development of pathology in visceral organs but vacuolated chondrocytes in articular and
epiphyseal cartilage still remain unsolved.(34)

To improve bone pathology more, two alternative approaches have been tested to combine
ERT with a modified enzyme. One is bone targeting strategy investigated for MPS IVA and
hypophosphatasia mice and the other one is chemically modified enzyme for MPS VII
mouse. Hydroxyapatite (HA) is a major inorganic matrix in bone but is absent in soft tissues.
Drugs that attach to HA will be released in the process of the bone resorption and thereby
targeting a drug to HA is a potential method for a selective drug delivery to bone. We and
others have recently attached this novel bone-targeting peptide to the enzyme (tissue
nonspecific alkaline phosphatase), indicating that the tagged enzyme is delivered more
specifically to bone than unmodified native enzyme, improving the clinical and pathological
consequence of the systemic bone disease, hypophosphatasia.(36, 37) The clinical trial for
hypophosphatasia by using bone-targeting system showed substantial achievement of bone
pathology with the clinical effect.(38) Human GALNS has also been bioengineered to tag a
hexa-glutamate sequence (E6) to its N-terminus (E6-GALNS). This tagged enzyme had
markedly prolonged blood clearance, increasing blood levels 20 times higher than that of the
untagged enzyme. The bone-targeting enzyme was retained longer in bone. The pathological
features in MPS IVA mice treated with the targeting enzyme showed clearance of the
storage materials in chondrocytes, especially after 24 weekly injections. These findings
suggest that the use of the tagged enzyme enhances delivery and improves pathological
effect in MPS IVA mice.(39)

Another strategy is coming from a chemically modified form of B-glucuronidase (GUS)
(PerT-GUS) which escaped clearance by mannose 6-phosphate and mannose receptors. This
modified enzyme showed markedly prolonged circulation (over 100 times) compared with
native GUS enzyme. To evaluate the effectiveness of long-circulating PerT-GUS in
reducing the skeletal pathology, MPS VII mice were treated for 12 weeks with PerT-GUS or
native GUS. Reduced storage material and a more organized growth plate were observed in
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PerT-GUS treated mice compared with native GUS treated mice. Long-circulating PerT-
GUS provides a significant impact in rescuing bone lesions.(40)

These modified enzymes have similar property as the long circulating enzyme, in which the
higher enzyme activity can be kept in blood and could be accessed to the bone lesions more
efficiently and improve the bone pathology.

3) Hematopoietic Stem Cell Therapy (HSCT)

The potential merit of HSCT for MPS is considered to be that the marrow-derived donor
macrophages could provide a secreting source of enzyme and gain access to various storage
tissues. HSCT has been successfully achieved by correcting the disease course and severity
in MPS I, MPS Il and MPS VI patients.(41, 42) A major issue of HSCT mainly relies on its
adverse effect.(43) The patients need immunosuppression and need steroid following
transplantation to protect against graft-versus-host disease. HSCT does not repair advanced
skeletal deformities, in spite of improving growth development.(44)

The clinical consequence of HSCT depends upon the following multiple factors; 1) the age
and the clinical condition of the recipient at transplantation, 2) prognosis (clinical course) of
the recipient, 3) donor type, and 4) preparative regimen. In MPS I, 1l and VI patients, HSCT
results in reversal of visceral organ involvement and improvement of heart function and
hearing. However, progress of skeletal features is similar to untreated individuals, and
corneal clouding is not diminished. Therefore, HSCT of Morquio A patients will not give a
marked direct impact to existing skeletal abnormality. A male Morquio A patient before and
after successful allogeneic bone marrow transplantation (BMT) has been recently reported.
(6, 7, 8) Five years after BMT the GALNS activity was restored to the level of the enzyme
activity of the donor in the lymphocytes of the recipient. The patient showed 1) recovery of
ambulation in combination with osteotomies, 2) remission of narrow airway and
disappearance of shortage of breath with recovery of pulmonary function, 3) vanishing of
snoring, and 5) increase of bone mineral density. Recovery of pulmonary function and bone
mineral density last for the first 3 years after BMT. However, restriction of physical activity
and hyperlaxity of joints remain unsolved in this patient. The substantial clinical benefits
post-BMT in this Morquio A patient indicates that HSCT should be considered as a
therapeutic choice for Morquio A patients. We expect that if HSCT is performed for
Morquio A patients at an earlier stage, skeletal deformities, restrictive and obstructive
airway and growth development should be improved more. Although regimens for HSCT
have been advanced substantially for recent years, the procedure may still carry some risk of
mortality from infection, graft-versus host disease, and additional complications. For these
reasons, HSCT should be chosen in selected cases with careful pre-transplantation
counseling and clinical assessment and with systemic longitudinal monitoring of the
outcome.

4) Substrate Reduction Therapy (SRT)

To penetrate the bone remains an unmet challenge although the involvement of the visceral
organs is reversed by the treatment. SRT is one of the potential treatments that could be
effective in management of GAGs accumulation. Genistein, a compound from the group of
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flavonoid compounds, inhibits synthesis and reduces the level of GAG, heparan sulfate
(HS), in cultures of fibroblasts of MPS I, 1l and Il patients.(45, 46) Investigational trials on
human MPS patients have been conducted and have shown some improvements of
neurological symptoms.(47, 48)

Therapeutic effect of genistein on joint function in patients with MPS 11 was evaluated,
suggesting that administration of genistein-rich soy isoflavone extract resulted in
improvement of connective tissue elasticity, particularly range of joint motion.(49)

Moreover, other flavonoid compounds, daidzein and kaempferolare, have been proved to be
effective to suppress GAG synthesis in vitro.(50)

The mechanism of these flavonoid compounds-mediated inhibitions of GAG synthesis is
considered to be development of epidermal growth factor (EGF)-dependent pathway.(51-56)
Flavonoids are widely distributed in plants functioning as anti-allergic, anti-inflammatory,
anti-microbial, anti-cancer, and anti-diarrheal actions. Silibinin, proanthocyanidins,
epigallocathechin-3-gallate, theaflavins, resveratorol, quercetin, luteolin, and
polymethoxyflavones are classified as the same flavonoid compounds as genistein and are
also shown to inhibit of EGFR (epidermal growth factor receptor: Figure 8) in various
cancer cells.(57-63) Flavonoid compounds, especially isoflavones, also have estrogen-like
effects to protect against the osteoporosis. Until now no report about the effects of flavonoid
compounds on KS and C6S accumulation has been published. Therefore, how a group of or
a specific flavonoid(s) affect KS and C6S synthesis remain unanswered.

5) Gene Therapy

Gene therapy is another rational approach for treating skeletal diseases, and animal research
on other types of MPS is promising. The first study of gene therapy for Morquio A was
performed in vitro by using a retrovirus vector.(57) GALNS enzyme activity levels
substantially higher than those observed in normal non-transduced cells, leading to the
reduction of GAGs accumulation.

Successively, AAV vector has been selected since the AAV vector has several advantages
such as a long-term expression, well-characterized serotypes, wide-ranged cell and tissue
tropism, low immunogenicity, and experience of preclinical and clinical trials on LSDs with
clinical improvements.(58-60)

A targeted drug delivery system can improve gene therapy by altering the natural tropism of
viral vectors. Several reports suggest the possibility of AAV vectors.(61-63) Peptide
insertion primarily focused on improvement of the transduction rather than in the change of
the tropism. Progress has been made in AAV2 vectors with regard to the peptide insertion
sites and type of peptides in relation to transduction efficiency and tissue targeting. AAV2
vectors designed for vascular tissue targeting have been constructed by inserting unique
peptides, with an increased transduction and specificity for venous endothelial cells and a
reduction for HepG2 hepatocytes.(64) This vector indicated significantly higher targeting to
the vena cava, demonstrating specificity of the modified vector.(65) Insertion of 28-amino
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acids ApoE-derived ligand led to a 90-fold increase in the in vitro transduction of pancreatic
islet cells, and four-fold increase of expression of human antitrypsin.(62)

However, there has been no report of successful bone-targeting by gene therapy. To address
this unmet need, we have developed a method by attaching multiple copies of AAA peptide
to the AAV2 vector capsid as follows.

After initial successful demonstration of gene expression in vitro by non-targeting AAV2
vector with CMV promoter,(65) we tested other promoters; the eukaryotic elongation factor
la (EF1) and the al-antitrypsin (AAT) promoters. AAT and EF1 promoters allowed similar
GALNS enzyme activity levels than those observed with CMV promoter in vitro.(66, 67)
We also examined the effects of co-transduction with sulfatase modifying factor 1 (SUMF1)
on GALNS activity levels since in vivo studies have shown that the co-expression of other
sulfatases with SUMF1 induces a significant elevation of enzyme activity.(68, 69)

GALNS enzyme expression last more than 10 days post-transduction in spite of promoter
used. Co-transduction with SUMF1 produced up to a four-fold increase of enzyme activity
in Morquio A mouse chondrocytes. In vivo experiments using a Morquio A mouse model
showed that after 12 weeks of a single intravenous administration of an AAV vector
carrying GALNS cDNA, plasma enzyme activity levels were increased up to 20% when the
AAV-GALNS vector was co-administrated with the AAV-SUMF1 vector. GALNS enzyme
activity levels in mice infused with the AAV-GALNS and co-administrated AAV-SUMF1
allowed a significant increase in enzyme activity in all the studied tissues. GALNS activities
were about 30% of wild-type levels in liver, heart and bone. Since theoretically only 10% of
normal levels are required to move from a severe to an attenuated phenotype, these results
suggested the potential of AAV gene therapy for the treatment of Morquio A.

Moreover, to target viral capsid to bone, we inserted multiple copies of a short acidic amino
acid peptide to the viral capsid. The sequence encoding a stretch of eight Asp acidic amino
acids (D8) was inserted immediately after the initial codon of the VP2 protein in the packing
plasmid. We evaluated the affinity of AAV2 vector to HA, physical titers and transduction
efficiencies, biodistribution and expression level of the gene product at target sites.
Preliminary results with the bone-targeting vector compared with unmodified vector showed
i) the similar physical properties of the vector or infectious titers; ii) the maximum HA
affinity in vitro and higher vector genome copies in bone; iii) targeting to bone, release from
HA, transduction in bone cells, and the resultant higher expression of GALNS in bone.

This bone targeting gene therapy will enhance therapeutic efficacy on the bone lesions of
Morquio A.

6) Anti-inflammatory Drugs

In Morquio A patients, chronic osteoarthritis is commonly observed in any major joints like
hip, knee, wrist and ankle.(Figure 7) To surpress metabolic inflammation by GAG
accumulation, two treatments are available: one is to reduce the causative factor, GAG by
ERT, gene therapy, SRT, HSCT etc., while the other one is to suppress secondary
inflammatory processes by anti-inflammatory (or immunosuppressive) agent. These anti-
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inflammatory agents have specific mechanisms of action, including inhibiting the action of
cytokines, blocking cell-cell interactions, and depleting certain cell types. TNF-a is a
dominant proinflammatory cytokine in the pathophysiology of MPS and several biologic
agents are approved to treat the autoimmune diseases like rheumatoid arthritis (RA).

The effect of anti-TNF-a (infliximab) therapy was assessed in MPS VI rats. Early treatment
in the presymptomatic period inhibited the elevation of TNF-a, RANKL and other
inflammatory factors in the blood, articular chondrocytes and synovial fibroblasts.(70) The
number of apoptotic articular chondrocytes was reduced and was not different from healthy
control rats. However, there was no impact on bone growth or mobility since stored GAGs
still remained in chondrocytes of the growth plate. The efficacy of ERT alone and combined
treatment using ERT and anti-TNF-a drug (specific monoclonal antibody against TNF- a.:
CNTO1081) was also tested.(71) Both treatments markedly reduced serum levels of TNF-a
and RANKL, although only combined treatment reduced TNF-a in the articular cartilage.
Analysis of cultured articular chondrocytes showed that combination therapy restored
collagen 11A1 expression and reduced expression of apoptotic markers. Only combined
therapy suppressed hyperplasia of synovial cells into underlying bone and clinical effects on
other organs that are not accessible to the enzyme (e.g., cartilage). (71)

A anti-inflammatory treatment should be evaluated in MPS IVA alone or in combined
therapy with ERT, HSCT, or gene therapy. (72)

Conclusion

Families and their patients should be provided personalised management including genetic
counseling, supportive therapies, physiotherapies, orthopedic interventions, by a well-
trained and experienced team including experienced anesthesiologists. what does this mean?
Is something missing?. Communication with other MPS IVA families, patients, support
groups, and the Morquio Foundation (www.morquio.com) as well as participation of the
annual educational Morquio Symposium should provide the opportunity to access
knowledge of the disease and increase the exchange of experiences of those who live with
Morquio disease. (Figure 8)
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Figure 1.
Clinical manifestations of Morquio A disease. Percentage of present symptoms based upon

Morquio A database (photo; permitted by Morquio family).
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Biochemical profiles in serum of 14 MPS | patients who have undergone ERT (baseline,

week 26, week 72). Red line: the patients (cases 1-7) who have undergone ERT from week
1. Black line: the patients who have undergone ERT from week 26 (cases 8-14). Left panel
shows the results by MS/MS while right panel shows the results by ELISA. On the average,
25% of KS has been reduced after 72 weekly infusions
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. Examine unique clinical skeletal features suspected as MPS IVA
Test X-ray (chest, spine, hip), spine MRI, lung CT

J If clinical and radiographic findings suggest
MPS IVA

‘ 3.Test urine GAG and urine and blood KS levels |
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Figure 3.
Diagnosis of Morquio A. Observation of careful unique clinical features and systemic

skeletal radiographs of the patient will be the first step to suspect Morquio A differentiated
from other MPS or skeletal dysplasia. Urine total GAG assay is less reliable, therefore, urine
and blood KS test will be preferential. Enzyme assays should not be hesitated once the
physician suspects Morquio A in spite of KS assay results. Once newborn screening is
available, dried blood spot samples at newborn will be tested and diagnosis of Morquio A
could be done prior to appearance of the unique signs and symptoms.
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Figure 4.
MRI of cervical spine in a patient aged 38 years. The red circle shows the spinal cord

compression. Odontoid process does not appear (hypoplasia or anaplasia) and extradural
glycosaminoglycan deposition anterior to the spinal cord at C1 level is observed. The patient
has severe C1 stenosis. At the age of 16 years, the patient had a stroke which caused
paralysis of left leg and became wheelchair bound. During the last few years, the patient had
worsening of joint pain, hearing loss, cornea clouding, urinary inconsistency, and abnormal
bowel movement suggesting a spinal cord injury.
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Figure5.
Changes in the hip with age. This figure demonstrates that the hips are mildly subluxated at

age one year and 6 months and have mild acetabular dysplasia. The proximal femoral valgus
becomes more obvious with time and there is progressive flattening of the capital femoral
epiphysis at ages 4 years and 10 months and 6 years and 10 months. There is severe
subluxation and acetabular dysplasia at age 7 years and 8 months.
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Figure®6.
Hip surgery (14 year-old girl with MPS IVA). The patient had severely painful subluxated

hips with flattened and irregular femoral heads. She underwent bilateral varus derotation
osteotomies of the femur and bilateral shelf acetabuloplasties to cover the femoral heads
better. She had transient improvement in her symptoms but two years later had severe pain
in the left hip and underwent a total hip replacement. Pathology of tissues is shown in figure
7.
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Figure7.
Foam cells in bone marrow of a 20 year-old Morquio A patient. Foam cells are fully

vacuolated and observed focally.
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Figure 8. Substrate reduction therapy
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