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Summary

Clinical characteristics

GNPTAB-related disorders comprise the phenotypes mucolipidosis I (ML II) and mucolipidosis IIIa/f (ML
IIa/B), and phenotypes intermediate between ML II and ML IIIa/p.

« MLII is evident at birth and slowly progressive; death most often occurs in early childhood. Orthopedic
abnormalities present at birth may include thoracic deformity, kyphosis, clubfeet, deformed long bones,
and/or dislocation of the hip(s). Growth often ceases in the second year of life; contractures develop in all
large joints. The skin is thickened, facial features are coarse, and gingiva are hypertrophic. All children
have cardiac involvement, most commonly thickening and insufficiency of the mitral valve and, less
frequently, the aortic valve. Progressive mucosal thickening narrows the airways, and gradual stiffening of
the thoracic cage contributes to respiratory insufficiency, the most common cause of death.

« ML IIla/P becomes evident at about age three years with slow growth rate and short stature; joint stiffness
and pain initially in the shoulders, hips, and fingers; gradual mild coarsening of facial features; and normal
to mildly impaired cognitive development. Pain from osteoporosis becomes more severe during
adolescence. Cardiorespiratory complications (restrictive lung disease, thickening and insufficiency of the
mitral and aortic valves, left and/or right ventricular hypertrophy) are common causes of death, typically
in early to middle adulthood.

« Phenotypes intermediate between ML II and ML IIla/P are characterized by physical growth in infancy
that resembles that of ML II and neuromotor and speech development that resemble that of ML IIIa/.

Diagnosis/testing

The diagnosis of a GNPTAB-related disorder is established in a proband with suggestive clinical, radiographic,
and biochemical findings and biallelic pathogenic (or likely pathogenic) variants in GNPTAB identified on
molecular genetic testing.

Author Affiliations: 1 Professor and Chairman Emeritus, Departments of Pediatrics and Medical Genetics, Ghent
University Hospital, Ghent, Belgium. 2 Senior Scholar, Greenwood Genetic Center, Greenwood, South Carolina. 3 Clinical
Geneticist, Greenwood Genetic Center, Charleston, South Carolina. 4 Director, Diagnostic Laboratory, Greenwood
Genetic Center, Greenwood, South Carolina.
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Management
Treatment of manifestations: Management is supportive and symptomatic.

o MLII Low-impact therapies, including aqua therapy, to avoid joint and tendon strain; cognitive
stimulation through interactive programs; gingivectomy as needed for oral health.

o ML IIIa/p. Low-impact physical therapy is usually well tolerated. Carpal tunnel signs may require tendon
release. In late childhood or early adolescence symptomatic relief of hip pain with over-the-counter
analgesics; in some older adolescents and adults bilateral hip replacement has been successful. Later in
disease course: management focuses on relief of general bone pain caused by osteoporosis; scheduled
intermittent IV administration of the bisphosphonate pamidronate has been effective in some individuals.

o All phenotypes. Because of concerns about airway management, surgical intervention should be avoided
if possible and undertaken only in tertiary care settings.

Surveillance:

« ML II. Outpatient follow-up visits approximately every three months for infants and toddlers; outpatient
visits approximately every six months for older children until cardiac and respiratory monitoring need to
be more frequent.

« ML IIla/p. Twice-yearly outpatient clinic visits for young children; annual routine follow-up visits after
age six years unless bone pain, deteriorating ambulation, and/or cardiac and respiratory monitoring
necessitate more frequent attention.

Genetic counseling

GNPTAB-related disorders are inherited in an autosomal recessive manner. At conception, each sib of an
affected individual has a 25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a
25% chance of being unaffected and not a carrier. Once the GNPTAB pathogenic variants in the family are
known, carrier testing for at-risk relatives, prenatal testing for a pregnancy at increased risk, and
preimplantation genetic testing are possible.

GeneReview Scope

GNPTAB-Related Disorders: Included Phenotypes !

o Mucolipidosis II (ML IT)
«  Mucolipidosis I1la/B (ML II1a/p)
o Phenotypes intermediate between ML II and IIla/(

For synonyms and outdated names, see Nomenclature.
1. For other genetic causes of these phenotypes see Differential Diagnosis.

Diagnosis

Suggestive Findings

GNPTAB-related disorders (which include the phenotypes mucolipidosis I [ML II] and mucolipidosis IIIa/(
[ML IIIa/B] and phenotypes intermediate between ML II and IIla/() should be suspected in individuals with
the following age-related clinical and radiographic findings and supportive biochemical findings [Cathey et al
2010].

Clinical Findings
ML II - Neonatal period

®



GNPTAB-Related Disorders 3

 Small to low-normal anthropometric measurements for gestational age
« Restricted range of passive motion in the shoulders
o Flat face, shallow orbits, and depressed nasal bridge
 Thick skin with wax-like texture (in neonates, most evident in and around the earlobes)
o Variable musculoskeletal findings that may include one or more of the following:
o Thoracic deformity including kyphosis
Clubfeet
Deformed long bones (See Figure 1.)
o Dislocation of the hip(s)

o

o

ML I - Later infancy

» Dysmorphic facies and musculoskeletal features that may have been mistakenly overlooked at birth
become undeniable over the first year of life: overall coarsening of features, poor growth, and restriction of
joint movements at the hips, knees, shoulders, and hands.

« Developmental milestones are not met.

ML Ia/B

 Onset late infancy to late childhood
» Musculoskeletal findings
o Growth parameters are typically normal at birth. Growth rate slows in preschool and early school
years
Joint stiftness in the shoulders, hips, and fingers
Joint pain that is exacerbated by strenuous exercise or vigorous physical therapy
Variable kyphoscoliosis, mild to severe
o Osteoporosis associated with bone pain
 Gradual mild coarsening of facial features
o Slight corneal cloudiness (in some but not all) only by slit-lamp examination
« Upper-respiratory infection and/or otitis media (variably present)
« No organomegaly
« Developmental milestones are met appropriately with the exception of late walking in a minority of
children with ML III. Language skills are normal. Cognitive development is usually normal, and most
children attend regular classes, irrespective of the physical handicap that gradually worsens.

o

o

o

Phenotypes intermediate between ML II and ML IIIa/f. In phenotypes intermediate between ML IT and ML
I1Ia/p physical growth in infancy resembles that in the ML II natural course; neuromotor and speech
development follow the course of ML IIIa/P. Infants typically have some manifestations of ML II (large joint
contractures, mild dorsolumbar kyphoscoliosis) followed by slow growth near the end of the second year leading
to consideration of the diagnosis of ML II; however, findings after age three years resemble those of ML II1a/,
leading to consideration of a diagnosis of ML II / ML IIIa/p.

Radiographic Findings

Mucolipidosis II. The radiographic phenotype of ML II is complete before the second birthday, when the set of
abnormalities is read as "severe dysostosis multiplex,” a concept introduced by Spranger in order to summarize
the variable but common set of associated skeletal abnormalities found in the large family of disorders of
complex carbohydrate degradation or of failing lysosomal transport [Spranger et al 2002].

The severe dysostosis multiplex in ML II includes the following [Spranger et al 2002]:

o Skeletal age is significantly delayed. Generalized osteopenia and coarse bony trabeculation are consistent
findings.
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Figure 1. Female age three years with ML II

o Skull size and shape remain near normal; the sella turcica becomes oblong in children surviving into
middle childhood.

o All vertebral bodies have a much shortened anteroposterior diameter, are taller posteriorly than anteriorly,
and have concave anterior borders and mildly convex superior and inferior borders.

 The length of large and small long bones is much reduced. All large appendicular long bones have
undertubulated diaphyses, dysplastic and small epiphyses, and overconstriction of the submetaphyseal
regions.

« Diaphyseal widening in all small long bones of the hands becomes pronounced by early childhood and is
accompanied by progressive claw-type deformation.

 Ribs have widened costochondral junctions but narrowed juxtavertebral parts.

« Pelvic dysplasia is manifest as narrow basilar portions of the ilia and relatively long pubic and ischial
bones; slanting, shallow acetabular roofs and bilateral coxa valga, with varying degrees of (often
asymmetric) hip dislocation

« In the most severely affected infants, transient signs reminiscent of rickets and osteopenia, and punctate
calcifications in soft tissue (most frequently about the tarsal bones) are observed. In most infants,
periosteal cloaking is observed around the diaphyses of the large long bones; this transient phenomenon is
rarely detectable after age one year.

Mucolipidosis IIIa/B. By age 5-10 years, the findings of mild dysostosis multiplex are apparent in children with
ML IITa/p:
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+ Generalized osteopenia is slowly progressive.

o The sella turcica remains normal as the calvarium thickens gradually. Cranial size remains proportional to
stature.

o The mildly platyspondylic vertebra remain rectangular with irregular endplates, dorsal scalloping, and
narrow intervertebral spaces. Kyphoscoliosis may become severe and requires orthopedic attention.

o The shortened long bones show normal or slightly undertubulated diaphyses, small epiphyses, and
widened irregular metaphyses. Progressive dysplasia of the proximal femoral epiphyses may be
asymmetric and quite severe.

« The shape and size of phalanges corresponds to metacarpal changes, which may be mildly shortened or
completely normal. The carpal bones are often smaller than normal with irregular borders. Even in the
event of normal or near-normal small hand bones, colinear axis deviation of the fingers is frequent due to
slowly progressive hardening of periarticular and tendon connective tissue; true claw-type hand
deformation is rare in ML IIIa/P, but carpal tunnel syndrome is a regular feature.

Supportive Biochemical Findings

Assay of oligosaccharides (OSs) in urine. When the degradation of glycoproteins is impaired certain partially
degraded free oligosaccharides are largely excreted in urine; the analysis of these free oligosaccharide species
(FOS) can be used as a first tier of screening for oligosaccharidosis, including GNPTAB-related disorders.

Historically, measurement of the accumulating oligosaccharides utilized older technologies such as thin layer
chromatography (TLC). Although still widely used, TLC has several limitations including intrinsic poor
resolution, interference from drugs and diet, subjective interpretation, and lack of quantification. Ultra-
performance liquid chromatography-tandem mass spectrometry for FOS analysis is far more sensitive and
specific.

Assay of several acid hydrolases. Because lysosomal hydrolase enzymes are not properly targeted to the
lysosome in GNPTAB-related disorders, the enzyme activity of multiple lysosomal hydrolases is increased in
plasma and other body fluids. Compared to normal controls, the activity of nearly all lysosomal hydrolases in
GNPTAB-related disorders is five- to 20-fold higher in plasma and other body fluids. GNPTAB-related disorder
screening can be done on dried blood spots or plasma using fluorometric or tandem mass spectrometry
substrates. Elevation of multiple hydrolases is a positive screen.

Note: In GNPTAB-related disorders the acid hydrolases are probably not improperly targeted to the lysosomes in
leukocytes, where they are not deficient quantitatively. In contrast to storage disorders resulting from deficiency
of a single lysosomal enzyme, GNPTAB-related disorders cannot be diagnosed by assay of acid hydrolases in
leukocytes.

Urinary excretion of glycosaminoglycans (GAGs). Although total GAGS may be elevated in some individuals
with a GNPTAB-related disorder, this may be missed by TLC methods. UPLC-MS/MS analysis of FOS in a large
cohort of individuals with ML documented elevated keratan sulfate. In GNPTAB-related disorders the keratan
sulfate elevation was as elevated (4-fold) as in individuals with mucopolysaccharidosis IVA (MPS IVA). In ML
ITIa/PB, keratan sulfate ranged from normal to 1.3-fold elevations [Ellsworth et al 2017].

Click here (pdf) for information on testing used in the past to confirm the diagnosis of ML IT and ML ITIa/p.

Establishing the Diagnosis

The diagnosis of a GNPTAB-related disorder is established in a proband with suggestive clinical and
radiographic findings, supportive biochemical findings, and biallelic pathogenic (or likely pathogenic) variants
in GNPTAB identified on molecular genetic testing (see Table 1).


https://www.ncbi.nlm.nih.gov/books/n/gene/mps4a/
https://www.ncbi.nlm.nih.gov/books/n/gene/ml2/bin/ml2-past_testing.pdf
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Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant” and "likely
pathogenic variant” are synonymous in a clinical setting, meaning that both are considered diagnostic and can
be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview
is understood to include any likely pathogenic variants. (2) Identification of biallelic GNPTAB variants of
uncertain significance (or of one known GNPTAB pathogenic variant and one GNPTAB variant of uncertain
significance) does not establish or rule out the diagnosis

Single-gene testing. Sequence analysis of GNPTAB detects missense, nonsense, and splice site variants and small
intragenic deletions/insertions; typically, exon or whole-gene deletions/duplications are not detected. Perform
sequence analysis first. If only one or no pathogenic variant is found perform gene-targeted deletion/duplication
analysis to detect intragenic deletions or duplications.

Table 1. Molecular Genetic Testing Used in Mucolipidosis II / Mucolipidosis IIT a/f

Proportion of Pathogenic Variants 2
1 p g
Gene Method Detectable by Method
Sequence analysis 3 >95% 4
GNPTAB Gene-targeted deletion/duplication 304 6
analysis ° ’

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Velho et al [2019]

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

6. A 897-bp deletion spanning exon 19 [Coutinho et al 2012]

Clinical Characteristics

Clinical Description

Mucolipidosis II and mucolipidosis III a/p are distinct clinical disorders with different age of onset and clinical
course. Although the experienced clinician observes variation within each phenotype, the phenotypic spectrum
between ML II and ML IIla/p is discontinuous. Knowledge of these two "classic” phenotypes allows recognition
of an interesting minority of intermediate clinical types in which physical growth in infancy resembles that in
the ML II whereas neuromotor and speech development follow the course of ML IIIa/p.

Mucolipidosis I

Mucolipidosis IT (ML II) is slowly progressive with clinical onset at birth and death most often in early
childhood [Cathey et al 2010]. The following is a summary of the phenotype by system.

Growth. Birth weight is low to borderline normal. Postnatal growth is limited and ceases during the second year
of life. In the event that the diagnosis is not made early, the term "failure to thrive" is often applied. Measured
length appears to "decrease” over time as hip and knee contractures worsen (Figure 1). Head size remains
proportional to body size.


https://www.ncbi.nlm.nih.gov/books/n/gene/app2/
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Craniofacial. The neonate with ML II has a flat face, depressed nasal bridge, and shallow orbits. The mouth is
prominent. Coarsening of facial features is apparent from early infancy and gradually progresses (Figure 1).
Impressive gingival hypertrophy is apparent soon after birth and causes dental eruption to appear incomplete.

The skin is thickened especially around the earlobes. Additional cutaneous findings include prominent
periorbital tortuous veins and telangiectatic capillaries in the subcutis over the cheeks. Hair texture and color
may be atypical for families of northern European origin as the hair texture is fine and, in some instances, white
to golden in color, even in neonates.

Metopic prominence is observed in some children. Craniosynostosis is regularly suspected but not formally
confirmed and, in some instances, has resulted in inappropriate cranial surgery.

Ophthalmologic. The epicanthal folds persist. If corneal haziness is present in the slightly proptotic eyes, it is
mild and detectable only by slit lamp examination.

Audiologic. Episodes of otitis media occur frequently in nearly all children with ML II. Even when otitis media
is treated promptly and adequately, conductive hearing loss is common; however, significant hearing impairment
is rare. Sensorineural hearing loss is uncommon.

Respiratory. The voice is consistently hoarse.

Breathing remains noisy throughout life. The airways are narrow and subject to slowly progressive mucosal
thickening and overall stiffening of the connective tissues. These factors also adversely affect the lung
parenchyma. The gradual stiffening of the thoracic cage compounds the restrictive respiratory insufficiency.

Severe pulmonary hypertension (PH) has been more formally documented in a longer-surviving individual with
ML II [Kovacevic et al 2011]. PH is probably the rule instead of the exception in individuals with ML II who
survive into childhood. Excessive egress of lysosomal glycoproteins into the extracellular matrix is likely the
main cause of adverse and progressive interstitial lung disease, although storage of glycoprotein may contribute.
Poor general health in these individuals often precludes invasive diagnostic procedures. Ultimately,
cardiorespiratory failure refractory to treatment is the cause of death in most affected children.

Respiratory support is only infrequently required in newborns. Obstructive sleep apnea necessitates nighttime
respiratory support in some children; a minority of longer-surviving children require persistent assisted
ventilation. In these cases, invariably, respiratory support was initiated during treatment of an acute infection.

Cardiovascular. Cardiac involvement likely occurs in all children. Thickening and insufficiency of the mitral
valve and (less frequently) the aortic valve are the most common findings. Right side and general ventricular
hypertrophy and pulmonary artery hypertension have been reported but rarely objectively documented
[Kovacevic et al 2011]. Slowly progressive valvular changes are common, but valvular deficiency not consistently
observed. Rapidly progressive cardiomyopathy is not a common feature in ML II.

Gastrointestinal/feeding. Children with ML II are usually poor eaters. Growth is minimal and ceases in the
second year of life. Small size and paucity of physical movements (most never walk independently) contribute to
the limited appetite. Although often a parental request following recommendation of dieticians, only a minority
of children require gastrostomy tube feeding. The abdomen is protuberant, although hepatomegaly is equivocal
and splenomegaly rarely observed. Inguinal hernias are slightly more common than in the average infant and
occur equally in males and females. Umbilical hernias, a nearly constant finding, may gradually enlarge, but are
not known to cause gastrointestinal complications and do not require surgical correction.

Skeletal/soft connective tissue. Orthopedic abnormalities, often noticed at birth, may include one or more of
the following: thoracic deformity, kyphosis, clubfeet, deformed long bones, and/or dislocation of the hip(s).
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The range of motion of all major and small joints is significantly limited. Mobility of the shoulders is significantly
reduced despite consistent axial and appendicular hypotonia. The wrists gradually lose range of motion, the
hands and fingers broaden gradually in the few years after infancy and become progressively stiffer and fixed in
volar claw-like flexion and usually deviate from the appendicular axis.

Neuromotor development and intellect. Alertness is limited in some, but close to normal in most affected
children. Children with ML II show affection, happiness, and displeasure as would any child [Cathey et al 2010].

Early motor milestones are significantly delayed: sitting upright with support is usually acquired around age one
year; unassisted sitting may not be achieved until age two years. In the majority of affected children, unaided
walking is never achieved. Onset of expressive language is late and limited to single words. Receptive
communication, which is much better than expressive language, is not age appropriate. Cognitive functioning,
although obviously below normal for age, enables the child to understand, interact with, and enjoy the
immediate environment.

Mucolipidosis llla./B

ML IIIa/ is slowly progressive with clinical onset at approximately age three years and death in early-to-middle
adulthood [Leroy 2007, Cathey et al 2010]. Comprehensive data on life expectancy are still lacking.

Growth. Weight and length at birth are within normal limits. Gradual slowing of growth rate begins in late
infancy to early childhood. Concerns about small stature rarely arise before age three years, when worsening
shoulder, hip, and knee contractures adversely affect stature. ML IIIa/B does not cause frank dwarfism as does
ML II (Figure 2); however, stature from early childhood is often below the third centile on standard growth
curves. Final stature is well below expected for an individual's average family stature.

Craniofacial. True macrocephaly does not occur. Dysmorphic facial features are absent or minimal in younger
children. Coarsening of facial features is gradual and more apparent in profile, including full cheeks, depressed
nasal bridge, and prominent mouth. Gingival hypertrophy is mild and does not usually interfere with tooth
eruption (Figure 2).

Ophthalmologic. Epicanthal folds persist longer than normal. Proptosis, often observed in ML II, is rare. The
corneas are clear by routine clinical inspection, but corneal clouding, which is visually insignificant, may be
appreciated by slit-lamp examination.

Audiologic. Episodes of otitis media occur in individuals with ML IIla/p more frequently than in the general
population. Conductive hearing loss, documented in some affected individuals, has not been studied
systematically. Sensorineural hearing loss is not a typical feature of ML III.

Respiratory. Mild hoarseness of the voice is an inconsistent finding. Upper-respiratory infections are more
frequent than expected in some (but not all) children. From late childhood onward bronchitis and
bronchopneumonia are the most consistent clinical complications.

Adults exhibit restrictive lung disease caused by stiffening of the thoracic cage, slowly progressive sclerosis of
bronchi, and hardening and thickening of the interstitial tissue (extracellular matrix) in lung parenchyma.

Cardiovascular. Individuals with ML IIIa/p are at risk for cardiac involvement. Gradual thickening and
subsequent insufficiency of the mitral valve and the aortic valve are common from late childhood onward [Steet
et al 2005].

Left and/or right ventricular hypertrophy are often documented on echocardiography in older individuals.
Pulmonary hypertension may occur in some older individuals, but to date remains insufficiently documented.

Rapid progression of cardiac disease is rarely observed in ML IIIa/.
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Pneumonia may compound mild cardiac insufficiency. Death in early adulthood is often from cardiopulmonary
causes, even without complicating factors such as pneumonia.

Gastrointestinal. Prominence of the abdomen especially upon standing upright is caused in part by lumbar
hyperlordosis, compensation for hip and knee flexion contractures, and hypotonia of the abdominal wall
musculature. Diastasis of the medial recti and small umbilical hernias may also be present. In general,
individuals with ML IIla/p do not have organomegaly.

Skeletal / soft connective tissue. Stiffness of all large and small joints is a cardinal feature. Limited range of
motion in the shoulders is frequently the initial evidence of ML IIla/p and is mainly of soft tissue origin.

Limited range of motion in the hips and knees explains the slow gait and inability of children to run effectively.
Flexion contractures in the hips and knees cause the squatting standing posture, most apparent in lateral view
(Figure 2).

Secondary but severe arthritic changes in the hips that can lead to destruction of the proximal femoral epiphyses
make walking increasingly difficult and painful. Significant hardening of the surrounding soft tissues contributes
to hip dysfunction. Many affected individuals become wheelchair bound before or during early adulthood.

Range of motion is less adversely affected in the wrists and ankles than in the other large joints. Dupuytren-type
palmar contractures may appear from late childhood onward and exacerbate the moderate to severe claw-like
flexion deformity of the fingers associated with recurrent swelling and progressive stiffness (Figure 2).
Neuropathic carpal tunnel signs can become severe in some individuals.

In ML IIIo/P the hands and fingers are usually of near-normal length in contrast to the severely affected hands in
ML II.

Before the appropriate diagnosis is made, many individuals with ML IIla/P are evaluated for a rheumatologic
disorder.

Osteoporosis affects the entire skeleton. Bone pain becomes the most distressing symptom in ML IIIa/B, even in
individuals with limited ambulation. Osteolytic bone lesions also are associated with significant bone pain in
those who are nonambulatory.

Neuromotor development and intellect are the most variable features in ML IIla/p ranging from normal to
mild developmental delay in reaching motor milestones. Onset and development of receptive and expressive
language skills occur at the expected age. Stuttering has not been observed in individuals with ML IIIa/p.
Although psychometric tests often reveal an IQ within normal limits, approximately half of affected children
require school assistance, often because of their physical limitations.

Other

o The neck is short.
o Thickening of the skin is inconsistent and mild.

Phenotypes Intermediate Between ML Il and ML llla/B

While the majority of individuals with a GNPTAB-related disorder have one of the two distinct phenotypes (ML
IT or ML IIIa/p), some have intermediate phenotypes. In a large study, seven of 61 probands had an intermediate
phenotype that was not phenotypically homogeneous [Cathey et al 2010]. Of note, three of the seven individuals
in the study of Cathey et al [2010] and five individuals in a single family ascertained subsequently had a
homogeneous intermediate phenotype that was directly correlated to compound heterozygosity for the GNPTAB
¢.10A>C (p.Lys4Gln) variant and a second, different pathogenic frameshift variant [Leroy et al 2014]. See
Genotype-Phenotype Correlations.
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Figure 2. Female age 19 years with ML IIla/[

All affected individuals had normal anthropometric data when born at term following normal pregnancies. In
some facial features were considered coarse and flat. Contractures of some large joints and mild dorsolumbar
kyphoscoliosis were noticed in infancy. Growth slowed near the end of the second year. The diagnosis of ML II
was made before the third birthday. However, in later childhood the diagnosis was changed to ML IIIa/f or still
later to ML II / ML Illa/p [David-Vizcarra et al 2010].

Physical growth ceased by the time that maximal height was below 90 cm coincident with radiographic evidence
of dysostosis multiplex. Even when the skeletal dysplasia was consistent with ML II, neuromotor development
slowly progressed. All children were able to walk unaided at about age three years. Speech development was
close to normal in some, and consistently better than that observed in ML II. Cognitive development was slow
and deficient resulting in mild intellectual disability. Near-normal social interaction was reminiscent of that
observed in ML IIIa/p.

Average life expectancy in this particular intermediate phenotype was similar to that in ML IIla/p. Respiratory
problems were mild and infrequent; however, slowly progressive hardening and thickening of the cardiac valves
causing valvular insufficiency and subsequent myocardial hypertrophy and failure was the most common cause
of death. The postmortem findings in one individual (originally reported to have had the ML IIla/p phenotype)
were published [Kobayashi et al 2011].

Genotype-Phenotype Correlations

Genotype-phenotype correlations support the clinical distinction between the phenotypes ML II, ML IIla/p, and
at least the type of intermediate ML described in Phenotypes Intermediate Between ML IT and ML IIIa/p.
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ML II. Homozygous and compound heterozygous GNPTAB pathogenic variants that result in no functional
GlcNAc-1-phosphotransferase (GNPT) activity (typically nonsense or frameshift variants) are consistently
associated with the ML II phenotype. This severe phenotype is caused by complete loss of enzyme activity.

ML IIla/P. GNPTAB variants in the homozygous or compound heterozygous state in which some retained
GNPT enzyme activity (between and 1% and 10% of the normal activity) usually result in the ML ITIa/f
phenotype [Paik et al 2005, Steet et al 2005, Tiede et al 2005, Bargal et al 2006, Kudo et al 2006, Otomo et al
2009, Tappino et al 2009, Cathey et al 2010, David-Vizcarra et al 2010]. Some missense and several splice site
variants have been associated with ML ITIa/pB. Compound heterozygosity for one loss-of-function variant and
one reduced function variant are also associated with ML IIIa/p. Hence, a variant that retains some activity
protects against the ML II phenotype.

Of note, intellectual disability in one individual with ML IIIa/p homozygous for c.342delCA, whose parents were
consanguineous, was significantly below the near-normal range of intellect typically observed in ML IIIa/; it is
unclear to what degree homozygosity for other variants could have affected this aspect of the phenotype.

Intermediate ML. The distinct, consistent intermediate phenotype similar to ML II in physical and radiographic
features and to ML IIIa/P in psychomotor development and life expectancy results from compound
heterozygosity for the GNPTAB variant c.10A>C (p.Lys4Gln) and a frameshift variant. GNPT enzyme activity is
7%-12% of normal [Leroy et al 2014]. The p.Lys4Gln missense variant located in the N-terminal cytoplasmic tail
of the af} polypeptide impairs its retention in the Golgi complex, but retains in vitro catalytic activity that is
nearly normal [van Meel et al 2014].

Other intermediate phenotypes are to date less well defined. Some homozygous variant genotypes appear to be
well represented and clinically heterogeneous.

Nomenclature

The term "mucolipidosis" has been used in four different inborn errors of metabolism; only ML II, ML IIla/p,
and intermediate ML are GNPTAB related.

During the 1970s excessive urinary excretion of oligosaccharides was documented in most of the mucolipidoses;
therefore, the terms "oligosaccharidoses" or "glycoproteinoses” may be substituted for the term "mucolipidoses."
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Table 2. Terms Used to Describe GNPTAB-Related Disorders

Mucolipidosis IT 1 (ML Tia/p) Intermediate ML Mucolipidosis ITIa/[
I-cell disease, a laboratory Pacman dysplasia, once Webb type ML is a term Pseudo-Hurler-polydystrophy
term 2, has been largely thought to be a distinct proposed by Leroy et al [2014] to (PHP) was the term used by
replaced by the term perinatal lethal skeletal describe a distinct phenotype Maroteaux & Lamy when they
mucolipidosis type II. dysplasia, is now known to similar to ML II in physical & first clinically & radiologically
represent (in most reported radiographic features & to ML delineated the multisystem
cases) the prenatal IITo/B in psychomotor disorder that had only
manifestation of ML II. 3 development & life expectancy  progressive stiffening of the large
in individuals compound & small joints in common w/

heterozygous for the p.Lys4Gln ~ MPS I (Hurler disease). 4
pathogenic variant & a
frameshift variant.

MPS = mucopolysaccharidosis

1. ML 1], introduced in 1970 by Spranger in an attempt to provide the first clinical classification of the group of metabolic disorders,
clinically considered intermediate between the lipidoses and the mucopolysaccharidoses (storage disorders of glycosaminoglycans).
Although mucolipidosis is a clinically useful designation, biochemists consider it a misnomer because "mucolipids” do not exist in
nature.

2. The finding by Jules Leroy and Robert DeMars by phase-contrast microscopy of large amounts of dark and dense granules filling
almost the entire cytoplasm of cultured fibroblasts from skin biopsies of two unrelated children resulted in the use of the term
"inclusion cells," abbreviated as "I-cells." Hence, the term "I-cell disease” was introduced.

3. Saul et al [2005]

4. Maroteaux & Lamy [1966]

See Figure 3 for a microscopic view of I-cells.

Prevalence

ML II. The few estimates of the prevalence of ML II confirm that it is rare. Estimates include the following:

 Portugal. Approximately 1:123,500 live births [Pinto et al 2004]

 Japan. 1:252,500 [Okada et al 1985]

o Netherlands. 1:625,500 [Poorthuis et al 1999]

o Ireland. 1.56:100,000 live births in Republic of Ireland (ROI) and Northern Ireland; 114:100, 000 in the
Irish Travellers community in ROI. The data suggest a carrier rate for the most common pathogenic
variant of 1:512 in the former and of 1:15 in the latter population [McElligott et al 2011].

If these findings reflect a global prevalence ranging between 2.5x107 and 1.10-, the overall carrier rate ranges
between 1:158 and 1:316.

ML IT has been reported in nearly all parts of the world.

An unusually high prevalence of ML IT in 1:6,184 live births with an estimated carrier rate of 1:39 was found in
the northeastern region of the province of Quebec, Canada [Plante et al 2008]. In this region, ML II in several
large pedigrees has been attributed to a founder effect as only one GNPTAB pathogenic variant
(c.3503_3504delTC) has been detected in all obligate carriers. The variant was introduced into that part of
Canada in the 17th century by immigrants from France and Scotland. It is the most common GNPTAB
pathogenic variant worldwide.

ML IIIa/P. Estimates of the prevalence of ML IIIa/{ based on objective data are not available. It is, however,
likely that the prevalence is of the same order of magnitude as that of ML II and hence estimated to range
between 2.5x107 and 1.10~°. Consequently, the carrier rate is estimated at between 1:158 and 1:316.


https://www.ncbi.nlm.nih.gov/books/n/gene/mps1/
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Figure 3. Phase-contrast microscopic view of "I-cells" in culture

Living culture of skin fibroblasts derived from a person with ML IIla/( viewed by contrast light microscope. The cytoplasm is filled
with dense granular inclusions that consistently spare a juxtanuclear zone that represents the endoplasmic reticulum and the Golgi
apparatus. Electron microscopic study shows that the inclusions are swollen lysosomes bound by a unit membrane and filled with
heterogeneous material of varying texture, shape, and electron density. The fibroblasts were originally called inclusion cells (I-cells) and
the disorder associated with this in vitro phenotype "I-cell disease.”" No morphologic differences are observed between fibroblasts
derived from an individual with ML II and an individual with ML IIIa/p.

The combined prevalence of ML II and ML IIla/p is 0.22 per 100,000 in the Czech Republic [Poupetova et al
2010].

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this chapter have been associated with biallelic GNPTAB
pathogenic variants.

Differential Diagnosis

In addition to the disorders to consider in the differential diagnosis of GNPTAB-related disorders listed in Tables
3 and 4, the disorder ML IIIy, caused by biallelic pathogenic variants in GNPT and closely resembling ML IIIa/(,
needs to be considered.


https://www.ncbi.nlm.nih.gov/books/n/gene/ml3c/

14 GeneReviews

Mucolipidosis Il (ML Il)

Table 3. Autosomal Recessive Lysosomal Storage Disorders to Consider in the Differential Diagnosis of ML II

Clinical Features of Differential Diagnosis Disorder

Differential Diagnosis Disorder Gene
Overlapping w/ML II Distinguishing from ML II
Severe mucopolvsaccharidosis fvpe I o Coarse features MPS I is more prevalent, has more signs of
POy PEY IDUA o Slowed statural growth storage on physical exam, & has less severe
(MPS I; Hurler syndrome) . . .
o Clawed hands dysostosis multiplex on radiographs.

Radiographic features of dysostosis
multiplex are indistinguishable in

Type I (infantile) GM1 GLB1 ML I (in early infancy & More hepatomegaly

gangliosidosis childhood) & GM1-gangliosidosis
type 1 (in neonates). 1
Infantile galactosialidosis (OMIM e Growth restriction * Storage phenorrllena more pronounceq
256540) CTSA Skeletal dvsplasi o Presents as nonimmune hydrops fetalis
. cletal dysplasia more often than ML II

o May present as nonimmune hydrops
fetalis
« Ininfants: more chronic disorder w/
Infantile sialidosis (formerly called . Dvsmorphic moderate organomegaly, dysostosis
sialidosis type II or mucolipidosis I) NEUI . C(}),arse er)atures multiplex that is milder than in ML
(OMIM 256550) 11, 2 & minimal limitation of joint
mobility
o Growth & cognitive development
much less impaired

Infantile free sialic acid storage « Coarse features Less facu‘il dysmorphlsm & much less
. SLC17A5 o dysostosis multiplex
disease o Significant DD
o Severe DD

DD = developmental delay
1. Spranger et al [2002]
2. Barring the few instances with a rapidly evolving glomerular nephropathy & early fatal outcome

Mucolipidosis llla/g (ML llla/p)

Mucopolysaccharidosis 1 (see Table 4) and juvenile idiopathic arthritis are the top misdiagnoses for ML III a/p.
ML III o/ and juvenile idiopathic arthritis are both characterized by joint pain and restricted range of motion;
however, juvenile idiopathic arthritis is associated with a later onset of manifestations and lack of dysostosis
multiplex. There are multiple types of juvenile idiopathic arthritis; the genetic etiology is unknown.

Mucopolysaccharidosis 1 and other disorders with a known genetic etiology are described in Table 4.

Table 4. Inherited Disorders to Consider in the Differential Diagnosis of ML IIIa/p

Clinical Features of Differential Diagnosis Disorder
Disorder Gene(s) MOI
Overlapping w/ML IIla/p Distinguishing from ML IIIa/B

ML IIT gamma (variant ML GNPTG AR Clinical features of ML IIIy are similar Affected individuals are of Middle Eastern
I1I) to but milder than those of ML IIla/B. descent in most case reports.

®


https://www.ncbi.nlm.nih.gov/books/n/gene/mps1/
https://www.ncbi.nlm.nih.gov/books/n/gene/gm1-ganglio/
https://www.ncbi.nlm.nih.gov/books/n/gene/gm1-ganglio/
https://omim.org/entry/256540
https://omim.org/entry/256550
https://www.ncbi.nlm.nih.gov/books/n/gene/issd/
https://www.ncbi.nlm.nih.gov/books/n/gene/issd/
https://www.ncbi.nlm.nih.gov/books/n/gene/ml3c/
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Table 4. continued from previous page.
Disorder

Slowly progressive MPS 1 1
Slowly progressive MPS 11 2

MPS IVB 3 (See GLBI-
Related Disorders.)

MPS VI (OMIM 253200) 4
MPS VII >

Alpha-mannosidosis

Late infantile & juvenile
galactosialidosis (OMIM
256540)

Childhood dysmorphic
sialidosis (ML I) (OMIM
256550)

Free sialic acid storage
disorders (late infantile sialic
acid storage disorder or Salla
disease)

Multiple sulfatase deficiency
(mucosulfatidosis)

Osteoarthritis w/mild
chondrodysplasia (OMIM
604864) ©

Progressive
pseudorheumatoid
chondrodysplasia

Multiple epiphyseal dysplasia
(MED) (See MED, AR &
MED, AD.)

Gene(s)

IDUA
IDS

GLBI

ARSB
GUSB

MAN2BI

CTSA

NEUI

SLC17A5

SUMFI

COL2A1

CCN6

COL9A1I
COL9A2
COL9A3
COMP
MATNS3
SLC26A2

MOI

AR
XL

AR

AR
AR

AR

AR

AR

AR

AR

AD

AR

AR
AD
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Clinical Features of Differential Diagnosis Disorder

Overlapping w/ML IIla/B

« Clinical findings in ML IIla/(
overlap those observed in
nearly all late-onset mild MPSs

o Share several clinical &
radiographic aspects of
dysostosis multiplex

« Slowly coarsening features
o Mild dysostosis

o Coarse facies

o Vertebral abnormalities

« Infantile form can present w/
nonimmune hydrops fetalis.

o Coarse facies
e Short trunk
o Short stature

« DD
o Coarse facies

« DD

o Restricted range of motion in
joints

o Dysostosis multiplex on
skeletal radiographs

« Joint stiffness & bone pain
« Limited joint mobility

Joint pain & stiffness

Distinguishing from ML IIIa/B

Evidence of more severe storage on
physical exam

Enlarged head size in all MPSs (not
seen in ML IIIa/p)

Early hearing loss
More significant DD

Hepatosplenomegaly
Myoclonus & ataxia in juvenile form

Myoclonus
Seizures

Much more prominent
neurodegenerative aspects
Absent/minimal dysostosis
multiplex

Much more prominent
neurodegenerative aspects

Later onset of symptoms
Absence of radiologic signs of
dysostosis multiplex

Absence of radiologic signs of dysostosis
multiplex 7

AD = autosomal dominant; AMPS = acid mucopolysaccharides; AR = autosomal recessive; DD = developmental delay; MOI = mode of
inheritance; MPS = mucopolysaccharidosis; XL = X-linked

1. Formerly referred to as Hurler-Scheie syndrome or Scheie syndrome
2. Also referred to as Hunter syndrome

3. In the past, mucopolysaccharidosis type IVB was referred to as Morquio syndrome type B.
4. Also referred to as Maroteaux-Lamy syndrome

5. Also referred to as Sly syndrome
6. A late-manifesting type II collagenopathy

7. Spranger et al [2002]


https://www.ncbi.nlm.nih.gov/books/n/gene/mps1/
https://www.ncbi.nlm.nih.gov/books/n/gene/hunter/
https://www.ncbi.nlm.nih.gov/books/n/gene/gm1-ganglio/
https://www.ncbi.nlm.nih.gov/books/n/gene/gm1-ganglio/
https://omim.org/entry/253200
https://www.ncbi.nlm.nih.gov/books/n/gene/mps7/
https://www.ncbi.nlm.nih.gov/books/n/gene/a-mannosidosis/
https://omim.org/entry/256540
https://omim.org/entry/256550
https://www.ncbi.nlm.nih.gov/books/n/gene/issd/
https://www.ncbi.nlm.nih.gov/books/n/gene/issd/
https://www.ncbi.nlm.nih.gov/books/n/gene/m-sulfatase-def/
https://omim.org/entry/604864
https://www.ncbi.nlm.nih.gov/books/n/gene/ppr-dysp/
https://www.ncbi.nlm.nih.gov/books/n/gene/ppr-dysp/
https://www.ncbi.nlm.nih.gov/books/n/gene/ppr-dysp/
https://www.ncbi.nlm.nih.gov/books/n/gene/edm/
https://www.ncbi.nlm.nih.gov/books/n/gene/edm-ad/
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Management

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs of an individual diagnosed with a GNPTAB-related disorder, the
evaluations for mucolipidosis II / mucolipidosis IITa/B summarized in this section (if not performed as part of
the evaluation that led to the diagnosis) are recommended.

Mucolipidosis II

Radiographic skeletal survey, if not performed or incomplete in the diagnostic evaluation. Such survey in
early infancy is important for comparison with similar radiographs in the third year of life.

Cardiac evaluation with echocardiography to assess valve thickening and ventricular size and function
Pulmonary radiographs to monitor interstitial lung disease in any serious lower respiratory infection.
Chest CT may better show fibrotic changes in the lungs. It is doubtful that the child with ML II can
cooperate sufficiently to achieve reliable pulmonary function tests, by which restrictive respiratory
deficiency could be documented more objectively.

Feeding problems concern parents as the affected child consumes fewer calories than expected. Poor suck,
which may contribute to feeding difficulties early on, generally resolves quickly. Caloric need is less than
that of an unaffected sib.

Baseline ophthalmologic examination in a neonate with ML II is useful, but significant visual impairment
is not a usual issue. An ophthalmologic evaluation between six and 12 months is recommended: Slit lamp
examination will reveal corneal haziness, apparently without clinical implication; fundoscopic
examination will show no specific retinal abnormalities.

Hearing screen for conductive hearing loss secondary to recurrent otitis media. Hearing may be normal
during the first year, but should be checked at least once after age six months. In the second year, some
conductive hearing loss may be present, even without — but certainly following — upper airway infections.
Developmental assessment to help establish appropriate expectations for the child’s developmental
progress

Consultation with a clinical geneticist and/or genetic counselor

Mucolipidosis ITIa/p

Radiographic skeletal survey if either not performed or incomplete in the diagnostic evaluation
Baseline evaluations with an orthopedic surgeon and a metabolic bone specialist to better determine if/
when surgical interventions or bisphosphonate therapy may be initiated (See Treatment of
Manifestations.)

Gentle physical and occupational therapy to maintain mobility and strength. Aggressive therapy can cause
turther joint damage.

Cardiac evaluation with echocardiography to assess valve thickening and ventricular size and function
Baseline ophthalmologic examination

Hearing screen for evidence of conductive hearing loss secondary to recurrent otitis media

Baseline developmental assessment

Consultation with a clinical geneticist and/or genetic counselor

Treatment of Manifestations

Mucolipidosis II

Supportive and symptomatic management is indicated.
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Joints. No measures are effective in treating the progressive limited range of motion in large and small joints.
The classic physiotherapeutic early intervention programs that are often beneficial in children with
developmental delay, neuromotor delay, or cerebral palsy cannot be recommended unequivocally in ML IT
because of the following:

« Stretching exercises are ineffective and painful.
 The unknowing therapist may cause damage to the surrounding joint capsule and adjacent tendons with
subsequent soft tissue calcification.

Therapies that are "low impact” concerning joint and tendon strain, including short sessions of aqua therapy, are
usually well tolerated. Instead of exercises of passive motion, often the child can be motivated to imitate active
motion in joints despite the inherent limited range of motion.

Cognitive. Intellectual impairment to some degree is seen in all individuals with ML II. Affected children have
impaired language skills, ranging from nonverbal to very limited vocabularies. Occupational therapy can be
effective in any well-adapted program of cognitive stimulation such as interactive play that favors alertness,
imitative skills, and ambition.

Dental. Severe gingival thickening can compromise routine dental cleaning. Mouth pain, infections, and even
abscesses have been successfully treated with gingivectomy in some individuals.

Audiologic. Myringotomy tube placement for recurrent ear infections is common but should not be considered
a routine procedure because of the unique airway issues (and hence anesthesia-related risk) and the narrow
external auditory meatus.

Airway. Because of concerns about airway management, surgical intervention should be avoided as much as
possible and undertaken only in tertiary care settings with pediatric anesthesiologists and intensive care.
Children with ML IT are small and have a small airway, reduced tracheal suppleness from stiff connective tissue,
and progressive narrowing of the airway from mucosal thickening. The use of an endotracheal tube that is much
smaller than that used for age- and size-matched children is necessary. Poor compliance of the thoracic cage and
the progressively sclerotic lung parenchyma further complicate airway management. Extubation may also be
challenging.

Mucolipidosis llla/B

Supportive and symptomatic management is indicated.

Skeletal. Therapies that are "low impact” in regard to joint and tendon strain, including short sessions of aqua
therapy, are usually well tolerated.

Management of pain in the hips during and following walking requires attention from late childhood or early
adolescence.

Carpal tunnel signs may require tendon release procedures for at least temporary relief. The procedure is
repeated several time in some individuals.

Later in the disease course more general bone pain of variable intensity, unrelated to physical exercise or motion,
is present.

Bisphosphonates decrease osteoclastic activity; when on therapy, some (but not all) individuals with ML IIIa/(
experience decreased pain and associated increased mobility. Bone densitometry is improved in affected
individuals and in animal models [Robinson et al 2002, Kollmann et al 2013]. Rare complications of
bisphosphonate therapy include atypical femoral fractures and osteonecrosis of the jaw [Pispati et al 2018].
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Bilateral hip replacement has been successful in older adolescents and adults with milder ML IIIa/p [Lewis &
Gibson 2010].

Audiologic. Recurrent otitis media occurs more often in ML IIla/p than in a control population; the prevalence
decreases with age. Myringotomy tube placement may be considered necessary to prevent conductive hearing
loss; however, it should not be considered a "routine” procedure given the unique airway issues and anesthesia
risks of ML IITa/P.

Airway. Because of concerns about airway management, surgical intervention should be avoided as much as
possible and undertaken only in tertiary care settings with pediatric anesthesiologists and intensivists.
Individuals with ML IIla/{ are smaller than their healthy peers and have a narrow airway, reduced tracheal
suppleness from stiff connective tissue, and progressive narrowing of the airway from mucosal thickening. The
use of a much smaller endotracheal tube than for age- and size-matched controls is necessary. Fiberoptic
intubation must be available. Extubation may also be a challenge. Poor compliance of the thoracic cage and the
progressively sclerotic lung parenchyma further complicate airway management, especially in older individuals.

Respiratory. Functional decline of lung parenchyma is likely due at least in part to slowly progressive
degeneration of soft connective tissue in the extracellular matrix, a phenomenon insufficiently studied.

Cardiac. As subclinical cardiac failure may become overt during anesthesia, any surgical intervention should be
preceded by a thorough cardiac evaluation.
Surveillance

Mucolipidosis II. Infants and toddlers with ML II and their families benefit from outpatient follow-up visits
approximately every three months. Subsequently throughout early childhood, two outpatient visits per year may
be adequate until cardiac and respiratory monitoring need to be more frequent.

Mucolipidosis ITIIa/p. Young children with ML IIIa/p and their families benefit from outpatient clinic visits
about twice a year. From age six years similar follow-up visits are recommended on a yearly basis unless bone
pain and/or deteriorating ambulation become major handicaps and require closer orthopedic follow up and/or
cardiac and respiratory monitoring need to be more frequent.

Evaluation of Relatives at Risk

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

GNPTAB-related disorders are inherited in an autosomal recessive manner.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Risk to Family Members
Parents of a proband

o The parents of an affected child are obligate heterozygotes (i.e., carriers of one GNPTAB pathogenic
variant).
« Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

« At conception, each sib of an affected individual has a 25% chance of being affected, a 50% chance of being
an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier.
» Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband

o Individuals with ML II do not reproduce.
o Individuals with ML IIIa/$ do not commonly reproduce but fertility is not known to be impaired.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a GNPTAB
pathogenic variant.
Carrier Detection

Carrier testing for at-risk relatives requires prior identification of the GNPTAB pathogenic variants in the family.

Related Genetic Counseling Issues
Family planning

« The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the
availability of prenatal/preimplantation genetic testing is before pregnancy.

o Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are carriers or are at risk of being carriers.

Prenatal Testing and Preimplantation Genetic Testing

Once the GNPTAB pathogenic variants have been identified in an affected family member, prenatal and
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

No specific resources for GNPTAB-Related Disorders have been identified by GeneReviews staff.


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
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Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. GNPTAB-Related Disorders: Genes and Databases

Gene Chromosome Locus  Protein Locus-Specific HGMD ClinVar
Databases
GNPTAB 12q23.2 N-acetylglucosamine-1- GNPTAB database GNPTAB GNPTAB
phosphotransferase subunits
alpha/beta

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for GNPTAB-Related Disorders (View All in OMIM)
252500 MUCOLIPIDOSIS II ALPHA/BETA
252600 MUCOLIPIDOSIS IIT ALPHA/BETA
607840 N-ACETYLGLUCOSAMINE-1-PHOSPHOTRANSFERASE, ALPHA/BETA SUBUNITS; GNPTAB

Molecular Pathogenesis

GNPTAB-related disorders are autosomal recessive lysosomal storage disorders. The partial inactivation of N-
acetylglucosamine-1-phosphotransferase subunits alpha/beta may result from pathogenic variants that allow
reduced or residual functional enzyme production (missense or some of the splice site variants). Defective N-
acetylglucosamine-1-phosphotransferase results in missorting of lysosomal enzymes and accumulation of
nondegradable macromolecules in lysosomes, strongly impairing cellular function.

Click here (pdf) for information on the scientific history of GNPTAB-related disorders, including some of the
more important progress made in the last few years.

Mechanism of disease causation. GNPTAB encodes the alpha and beta subunits of the oligomeric human
GNPTAB in a single 6.2-kb alpha/beta transcript. N-acetylglucosamine-1-phosphotransferase subunits alpha
and beta comprise the amine and carboxyl ends, respectively, of the native protein. Inactivity or deficiency of this
enzyme causes ML I or ML III alpha/beta, respectively.

Table 5. Notable GNPTAB Pathogenic Variants

Reference DNA Nucleotide Change Predicted Protein Change Comment [Reference]
Sequences
See Genotype/Phenotype Correlations [Leroy
c.10A>C p.Lys4GIn et al 2014],
NM_024312.4 Most prevalent pathogenic variant worldwide
NP_077288.2 €.3503_3504del p-Leul168GlnfsTer5 (See Prevalence.) [Velho et al 2019]
€ 3565CST p. Argl189Ter 2nd most prevalent pathogenic variant [Velho

etal 2019]

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of
variants.

GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick
Reference for an explanation of nomenclature.


https://www.ncbi.nlm.nih.gov/gene/79158
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=79158
http://www.uniprot.org/uniprot/Q3T906
http://www.uniprot.org/uniprot/Q3T906
http://www.uniprot.org/uniprot/Q3T906
http://databases.lovd.nl/shared/genes/GNPTAB
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GNPTAB
https://www.ncbi.nlm.nih.gov/clinvar/?term=GNPTAB[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/252500,252600,607840
https://www.ncbi.nlm.nih.gov/omim/252500
https://www.ncbi.nlm.nih.gov/omim/252600
https://www.ncbi.nlm.nih.gov/omim/607840
https://www.ncbi.nlm.nih.gov/books/n/gene/ml2/bin/ml2-gnptab_history.pdf
https://www.ncbi.nlm.nih.gov/nuccore/NM_024312.4
https://www.ncbi.nlm.nih.gov/protein/NP_077288.2
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
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Chapter Notes

Revision History

o 29 August 2019 (bp) Comprehensive update posted live; this update combines GNPTAB-related disorders
ML II and ML IIIa/p.

« 10 May 2012 (me) Comprehensive update posted live

26 August 2008 (cg) Review posted live

o 16 June 2008 (jgl) Original submission
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