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Summary

Clinical characteristics

RABI8 deficiency is the molecular deficit underlying both Warburg micro syndrome (characterized by eye,
nervous system, and endocrine abnormalities) and Martsolf syndrome (characterized by similar — but milder -
findings). To date Warburg micro syndrome comprises >96% of reported individuals with genetically defined
RABI8 deficiency. The hallmark ophthalmologic findings are bilateral congenital cataracts, usually accompanied
by microphthalmia, microcornea (diameter <10), and small atonic pupils. Poor vision despite early cataract
surgery likely results from progressive optic atrophy and cortical visual impairment. Individuals with Warburg
micro syndrome have severe to profound intellectual disability (ID); those with Martsolf syndrome have mild to
moderate ID. Some individuals with RAB18 deficiency also have epilepsy. In Warburg micro syndrome, a
progressive ascending spastic paraplegia typically begins with spastic diplegia and contractures during the first
year, followed by upper-limb involvement leading to spastic quadriplegia after about age five years, often
eventually causing breathing difficulties. In Martsolf syndrome infantile hypotonia is followed primarily by
slowly progressive lower-limb spasticity. Hypogonadism — when present — manifests in both syndromes, in males
as micropenis and/or cryptorchidism and in females as hypoplastic labia minora, clitoral hypoplasia, and small
introitus.

Diagnosis/testing

The diagnosis of RAB18 deficiency is established in a proband who either has suggestive clinical and
neuroimaging findings and biallelic pathogenic variant(s) in RAB3GAP1, RAB3GAP2, RAB18, or TBC1D20
identified by molecular genetic testing or meets the clinical diagnostic criteria when molecular genetic testing
has not been performed or has not revealed pathogenic variants in one of the four known genes.

Management

Treatment of manifestations: Treatment is symptomatic and supportive, and is best approached through
collaborative multidisciplinary medical specialists and other professionals. Cataracts are usually removed
surgically. Management of developmental delay / intellectual disability and feeding difficulties are as per
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standard practice. Treatment of seizures is by a neurologist based on seizure type. Motor dysfunction due to
progressive spasticity may benefit from physical therapy to maximize mobility and use of durable medical
equipment. Undescended testes may require surgical correction; hormone supplementation for hypogonadism
may occasionally be undertaken.

Surveillance: Routine follow up with an ophthalmologist, neurologist, developmental specialist, feeding team and
nutritionist, and endocrinologist is recommended.

Genetic counseling

RAB18 deficiency is 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 RAB3GAPI, RAB3GAP2, RAB18, or TBC1D20 pathogenic
variants have been identified in an affected family member, carrier testing for at-risk relatives, prenatal testing
for a pregnancy at increased risk, and preimplantation genetic testing are possible.

GeneReview Scope

RAB18 Deficiency: Included Phenotypes 1

» Warburg micro syndrome
o Martsolf syndrome

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

Diagnosis

Suggestive Findings
RAB18 deficiency should be suspected in individuals with the following clinical and neuroimaging findings.

Note: Findings indicated with an * are the basis of the diagnosis when molecular genetic testing either has not
been performed or has not revealed biallelic pathogenic variants in one of the four known genes.

Clinical Findings
Ophthalmologic

« Bilateral congenital cataracts* (observed in all with a molecularly confirmed diagnosis). Note: To date
neither unilateral cataracts nor postnatal cataracts have been observed in persons with molecularly
confirmed RAB18 deficiency.

« Bilateral microphthalmia, microcornea* (typically <10 mm in diameter)

 Atonic pupils* (usually constricted and unresponsive to light or mydriatic agents)

 Optic nerve atrophy (usually based on direct inspection of the fundus through a dilated pupil)

« Severe cortical visual impairment. Vision may be light perception only; some may display visual
tracking. Electrophysiology confirms cortical visual impairment (see Clinical Description).

Nervous system

« Intellectual disability*. Most affected children do not achieve developmental milestones beyond those of
a four-month-old (i.e., they do not achieve independent sitting, crawling, walking, or speech).

» Congenital hypotonia* followed by progressive ascending spasticity associated with contractures of the
lower limbs from about 8-12 months; involvement of the upper limbs in later years leads to spastic
quadriplegia in most.
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« Postnatal microcephaly. Typically in the range of -4 to -6 SD; on occasion may be less pronounced.
Congenital microcephaly is rarely observed.

Other

« Short stature
» Hypogonadism. Males: Micropenis and cryptorchidism; females: hypoplastic labia minora, clitoral
hypoplasia, and small introitus.

Neuroimaging Findings*
Warburg micro syndrome

» Hypogenesis of the corpus callosum, particularly the splenium.

o Polymicrogyria is bilateral and predominantly frontal, frequently extends to the Sylvian fissure, may
extend to the temporal and occipital lobes, and rarely extends over the entire cortex. While
polymicrogyria is the most consistently observed cortical abnormality, other described abnormalities
include pachygyria and lissencephaly.

« Cortical atrophy: Increased subdural spaces are common.

 Hypoplasia of the cerebellum and cerebellar vermis are common but not universal. Accompanying
abnormalities of the pons, as seen in pontocerebellar hypoplasia, are rare.

Martsolf syndrome. Findings are milder than in Warburg micro syndrome, with preserved cortical structure
and polymicrogyria usually confined to the frontal lobes.

Establishing the Diagnosis
The diagnosis of RAB18 deficiency is established in a proband who EITHER:

 Has suggestive clinical and neuroimaging findings together with biallelic pathogenic variant(s) in
RAB3GAPI, RAB3GAP2, RAB18, or TBC1D20 identified by molecular genetic testing (see Table 1); OR

» Meets the clinical diagnostic criteria outlined under Suggestive Findings when molecular genetic testing
has not been performed or when molecular genetic testing has not revealed pathogenic variants in one of
the four known genes.

Note that failure to detect biallelic causative pathogenic variant(s) in one of the four genes known to cause
RAB18 deficiency does not necessarily exclude a clinical diagnosis of RAB18 deficiency as additional loci may
exist.

Molecular testing approaches can include concurrent or serial single-gene testing, use of a multigene panel,
and more comprehensive genomic testing.

Gene-targeted testing requires the clinician to determine which gene(s) are likely involved, whereas genomic
testing may not. Persons with the distinctive findings described in Suggestive Findings are likely to be diagnosed
using gene-targeted testing (see Option 1), whereas those in whom a specific diagnosis has been elusive are more
likely to be diagnosed using genomic testing (see Option 2).

Option 1

When the phenotypic and neuroimaging findings suggest the diagnosis of RAB18 deficiency, molecular genetic
testing approaches can include concurrent or serial single-gene testing or use of a multigene panel.
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« Serial single-gene testing by sequence analysis can be considered if history of consanguinity together with
homozygosity mapping has implicated one of the disease-associated genes as the probable location of a
pathogenic variant.

Note: Homozygosity mapping describes a specific type of analysis of a SNP chromosomal microarray that
identifies regions of homozygosity in affected individuals.

A multigene panel that includes RAB3GAP1, RAB3GAP2, RABI8, TBCI1D20, and other genes of interest
(see Differential Diagnosis) may also be considered. Note: (1) The genes included in the panel and the
diagnostic sensitivity of testing used for each gene vary by laboratory and are likely to change over time.
(2) Some multigene panels may include genes not associated with the condition discussed in this
GeneReview; thus, clinicians need to determine which multigene panel is most likely to identify the genetic
cause of the condition while limiting identification of variants of uncertain significance and pathogenic
variants in genes that do not explain the underlying phenotype. (3) In some laboratories, panel options
may include a custom laboratory-designed panel and/or custom phenotype-focused exome analysis that
includes genes specified by the clinician. (4) Methods used in a panel may include sequence analysis,
deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering
genetic tests can be found here.
Option 2

When the diagnosis of RAB18 deficiency has not been considered or when gene-targeted testing has not
identified pathogenic variant(s), comprehensive genomic testing (typically exome sequencing) is likely to be the
diagnostic modality selected.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in Molecularly Confirmed RAB18 Deficiency

Proportion of Molecularly Proportion of Pathogenic Variants 3
Gene 12 Diagnosed RAB18 Deficiency Detectable by Method

Attr.ibute.d to Pathogenic Sequence Gene-targeted

Variants in Gene analysis 4 deletion/duplication analysis °
RAB3GAPI 75% 76/77 © Unknown (4 reported) 7
RAB3GAP2 11% 11/118 None reported

RABIS8 9% 8/9 9 Unknown (one reported) 10


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1

RAB18 Deficiency 5

Table 1. continued from previous page.

Proportion of Molecularly Proportion of Pathogenic Variants 3
Gene 1>2 Diagnosed RAB18 Deficiency Detectable by Method

Attr.ibute.d to Pathogenic Sequence Gene-targeted

Variants in Gene analysis 4 deletion/duplication analysis °
TBC1D20 5% 4/5 11 Unknown (one reported) 11

Absence of identified biallelic causative pathogenic variant(s) in one of these four genes does not exclude a clinical diagnosis of RAB18
deficiency as additional, as-yet unknown loci may exist.

1. Genes are listed in alphabetic order.

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

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

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

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. Aligianis et al [2005], Abdel-Salam et al [2007], Yiiksel et al [2007], Morris-Rosendahl et al [2010], Dursun et al [2012], Yildirim et al
[2012], Handley et al [2013], Gillespie et al [2014], Picker-Minh et al [2014], Sawyer et al [2014], Imagawa et al [2015], Tasdemir et al
[2015], Asahina et al [2016], Gupta et al [2016], Kabziniska et al [2016], Rump et al [2016], Srivastava et al [2016], Trkova et al [2016],
Patel et al [2017]

7. Handley et al [2013], Picker-Minh et al [2014]

8. Aligianis et al [2006], Borck et al [2011], Handley et al [2013]

9. Bem et al [2011], Handley et al [2013], Gillespie et al [2014], Mandarano et al [2017]

10. Bem et al [2011]

11. Liegel et al [2013]

Clinical Characteristics

Clinical Description

RABI8 deficiency describes the molecular deficit underlying Warburg micro syndrome and Martsolf syndrome.
Warburg micro syndrome is characterized by eye, nervous system, and endocrine abnormalities [Warburg et al
1993]; Martsolf syndrome is characterized by similar findings, but with a milder presentation [Martsolf et al
1978]. When first described, Warburg micro syndrome and Martsolf syndrome were considered distinct
disorders; however, following discovery of the underlying genetic bases of both phenotypes, it became apparent
that these phenotypes are a continuum of clinical manifestations: Warburg micro syndrome on the severe end of
the spectrum and Martsolf syndrome at the milder end (see Genotype-Phenotype Correlations).

To date Warburg micro syndrome comprises the majority (>96%) of molecularly confirmed RAB18 deficiency
reported [Aligianis et al 2005, Abdel-Salam et al 2007, Yiiksel et al 2007, Morris-Rosendahl et al 2010, Bem et al
2011, Borck et al 2011, Dursun et al 2012, Yildirim et al 2012, Handley et al 2013, Liegel et al 2013, Gillespie et al
2014, Picker-Minh et al 2014, Sawyer et al 2014, Imagawa et al 2015, Tasdemir et al 2015, Asahina et al 2016,
Gupta et al 2016, Kabzinska et al 2016, Rump et al 2016, Srivastava et al 2016, Trkova et al 2016].

Genetically defined Martsolf syndrome has been described in only four families (8 individuals), whose countries
of origin are Pakistan, Mexico, Gambia, and Egypt [Aligianis et al 2006, Handley et al 2013].

Eye Findings

Eye abnormalities are often the first presenting features of RAB18 deficiency. Both Warburg micro syndrome and
Martsolf syndrome are associated with the hallmark finding of bilateral congenital cataracts. Cataracts have been
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observed prenatally by ultrasound examination in several instances and in one instance as early as the second
trimester [Morris-Rosendahl et al 2010, Trkova et al 2016].

Cataracts are commonly accompanied by microphthalmia and microcornea (diameter <10 mm). Eyes may
appear deep set (enophthalmic). Usually the pupils are small and atonic (i.e., unresponsive to light or mydriatic
agents). In rare instances, microphthalmia, microcornea, and atonic pupils are absent in Warburg micro
syndrome [Handley et al 2013]. Of the eight individuals reported with Martsolf syndrome, six had
microphthalmia; several had small pupils [Aligianis et al 2006, Handley et al 2013].

Despite early cataract surgery, the vision of individuals with RAB18 deficiency remains poor, likely due to
progressive optic atrophy and cortical visual impairment, both of which are more severe in Warburg micro
syndrome than in Martsolf syndrome. The following electrophysiologic findings support the presence of cortical
visual impairment:

» Normal electroretinograms (ERGs)

« Visually evoked potentials (VEPs), which are nearly absent in Warburg micro syndrome but may be
present in Martsolf syndrome [Aligianis et al 2005, Aligianis et al 2006, Bem et al 2011, Borck et al 2011,
Handley et al 2013, Liegel et al 2013].

Neurologic Findings

Intellectual disability (ID). Individuals with Warburg micro syndrome have severe to profound ID. Individuals
with Martsolf syndrome have mild to moderate ID. Language acquisition is largely absent in Warburg micro
syndrome. Although acquisition of language is delayed in Martsolf syndrome, several affected children are
bilingual [Aligianis et al 2006, Handley et al 2013].

Microcephaly. Postnatal microcephaly is a characteristic - but not invariant - feature of RAB18 deficiency.
While the head circumference ranges from -4 to -6 SD in most individuals [Handley et al 2013], it can be within
the normal range [Handley et al 2013, Trkova et al 2016]. Conversely, prenatal microcephaly has been seen, on
occasion, as a severe manifestation of the disorder [Handley et al 2013].

Feeding difficulties. Individuals with Warburg micro syndrome usually have difficulty feeding and may have
gastroesophageal reflux disease and/or dysphagia. Gastrostomy tube placement is usually required to improve
nutrition.

Epilepsy. Some - but not all - individuals with RAB18 deficiency have epilepsy. Seizure types vary: focal and
generalized seizures, tonic and tonic-clonic seizures, and myoclonic absences have been reported [Graham et al
2004, Handley et al 2013, Mandarano et al 2017]. Within the same family, one sib may have seizures while
another sib does not.

EEG findings, which may be normal or abnormal in affected individuals, do not appear to demonstrate a
consistent pattern.

Motor Dysfunction

Warburg micro syndrome is associated with progressive ascending spastic paraplegia. Affected infants are
usually hypotonic with poor postural and head control; however, they may roll and sit with support. Increased
deep tendon reflexes in the lower limbs may progress to hyperreflexia and then contractures and spastic diplegia
from approximately 8 to 12 months. Involvement of the upper limbs leading to spastic quadriplegia occurs
(variably) from about age five years. Later progression may lead to breathing difficulties. It is likely that
paraplegia results from impaired motor neuron function.

Clinical findings of a motor and sensory peripheral neuropathy have been reported [Nassogne et al 2000,
Graham et al 2004, Kabzinska et al 2016].



RAB18 Deficiency 7

Martsolf syndrome is associated with hypotonia and primarily lower-limb spasticity, which progresses more
slowly than that of Warburg micro syndrome [Aligianis et al 2006, Handley et al 2013]. Three of the eight
individuals reported with Martsolf syndrome were able to walk with assistance.

Hypogonadism

Both Warburg micro syndrome and Martsolf syndrome are frequently associated with hypogonadism. Clinical
findings are consistent with hypogonadotropic hypogonadism of hypothalamic origin [Warburg et al 1993,
Graham et al 2004, Handley et al 2013, Asahina et al 2016].

In affected males it manifests as micropenis and/or cryptorchidism [Bem et al 2011, Handley et al 2013]. In
affected females, it may manifest as hypoplastic labia minora, clitoral hypoplasia, and small introitus [Graham et
al 2004, Handley et al 2013].

Untreated hypogonadism may be associated with delayed-onset puberty or lack of puberty.

Other
RAB18 deficiency is often — but not always - associated with short stature (height <-2 SD).

Dysmorphic features associated with RAB18 deficiency are mild but form a recognizable pattern, including
deep-set eyes, a wide nasal bridge and prominent nasal root, relatively narrow mouth, and proportionately large
anteverted ears (Figure 1).

Mild micrognathia, a high-arched palate, and delayed dentition may also be seen [Handley et al 2013, Aligianis
& Handley 2016].

Mild hypertrichosis has been reported; see for example Yiiksel et al [2007], Morris-Rosendahl et al [2010],
Picker-Minh et al [2014], and Mandarano et al [2017].

Osteopenia has been reported as potentially a primary manifestation of Warburg micro syndrome in one family
[Picker-Minh et al 2014].

Although secondary complications from RAB18 deficiency can be life-threatening, RAB18 deficiency is not
known to directly affect life expectancy.

Phenotype Correlations by Gene

Clinical observations cannot be used to distinguish the genetic basis of RAB18 deficiency.

The strongest suggestion of phenotype correlation by gene comes from comparative analysis of brain MRIs in
which it appears that biallelic loss-of-function RAB3GAP2 variants may result in milder malformations than
biallelic variants in either RAB3GAPI or RAB18 [Handley et al 2013].

Of note, several individuals with biallelic loss-of-function pathogenic variants in TBC1D20 have developed
glaucoma [Liegel et al 2013], an uncommon finding in RAB18 deficiency caused by biallelic variants in the other
three genes (RAB3GAP1, RAB3GAP2, or RABIS).

Genotype-Phenotype Correlations

RABI8 deficiency results from biallelic pathogenic variants in RAB3GAP1, RAB3GAP2, RABI8, or TBC1D20
[Aligianis et al 2005, Aligianis et al 2006, Bem et al 2011, Borck et al 2011, Liegel et al 2013]. Biallelic loss-of-
function variants in any one of these genes cause Warburg micro syndrome, which corresponds to the severe end
of the phenotypic spectrum. Pathogenic variants that diminish but do not completely nullify gene expression or
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Figure 1. Photographs of individuals with Warburg micro and Martsolf syndromes

Brothers K2.1 (age 15 years) and K2.2 (age 13 years) with Warburg micro syndrome are homozygous for the RAB3GAPI p.Thr18Pro
variant.

The girl K6.1 (age 13 years) and her brother K6.2 (age 6 years) with Warburg micro syndrome are homozygous for the RAB3GAPI
p.Glu24Val variant.

The boy K48 (age 4 months; age 3 years) with Warburg micro syndrome is homozygous for the RAB3GAP2 c.147G>A p.Trp49Ter
variant

The girl K7.1 (age 8 years) and her brother K7.2 (age 4 years) with Martsolf syndrome are homozygous for the p.Asp4ThrTer31 variant.
Sisters K44.1 (age 17 years) and K44.2 (age 14 years) with Martsolf syndrome are homozygous for the RAB3GAP2 p.Arg426Cys variant.
The boy K52 with Warburg micro syndrome is homozygous for the RAB18 p.Thr95Arg variant.

Reused with permission from Handley et al [2013]

function can cause or contribute to Martsolf syndrome, which corresponds to the milder end of the phenotypic
spectrum.

Warburg micro syndrome comprises the majority (98/102 families) of molecularly confirmed RAB18 deficiency
reported [Aligianis et al 2005, Abdel-Salam et al 2007, Yiiksel et al 2007, Morris-Rosendahl et al 2010, Bem et al
2011, Borck et al 2011, Dursun et al 2012, Yildirim et al 2012, Handley et al 2013, Liegel et al 2013, Gillespie et al
2014, Picker-Minh et al 2014, Sawyer et al 2014, Tasdemir et al 2015, Asahina et al 2016, Gupta et al 2016,
Imagawa et al 2015, Kabzinska et al 2016, Rump et al 2016, Srivastava et al 2016, Trkova et al 2016].

o RABI8 deficiency usually results from pathogenic variants likely to completely nullify gene expression
(nonsense, frameshift, intragenic deletion or consensus splice sites). The clinical presentation in these
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individuals is highly consistent, in keeping with the likelihood that the clinical consequences of these loss-
of-function variants are equivalent.
o Other variants associated with Warburg micro syndrome that are likely to abrogate the function of the
encoded protein (see Molecular Genetics) include:
o RAB3GAPI: Three missense variants [Handley et al 2013, Asahina et al 2016].
o RABIS8: Two missense variants, an in-frame deletion, and an extension variant [Bem et al 2011,
Handley et al 2013].

Martsolf syndrome. The three pathogenic variants reported in four families with Martsolf syndrome [Aligianis
et al 2006, Handley et al 2013] are as follows:

« RAB3GAPI1. A homozygous frameshift variant, c.9delC, identified in affected sibs, inactivates the normal
RAB3GAPI1 transcript but also expresses a novel transcript whose protein product may provide sufficient
residual function to result in the milder phenotype of Martsolf syndrome [Handley et al 2013] (see details
in Molecular Genetics).

« RAB3GAP2

o The homozygous missense variant ¢.3154G>T (Gly1052Cys) was identified in three affected
individuals from one family [Aligianis et al 2006]. In lymphocyte RNA from two of the affected
individuals, this variant was found to promote exon-skipping and to introduce a frameshift into the
shortened transcript; however, some full-length transcript was also found in each case, compatible
with residual full-length protein expression.

o The homozygous missense variant ¢.1276C>T (p.Arg426Cys) affects a conserved amino acid
residue, and the altered protein may retain some functional activity [Handley et al 2013].

Nomenclature

Although the following naming system has been used - in some instances - to designate the causative gene for
Warburg micro syndrome, no clinical purpose is served by this naming system as the causative gene does not
influence phenotype.

« Warburg micro syndrome type 1: RAB3GAPI
« Warburg micro syndrome type 2: RAB3GAP2
» Warburg micro syndrome type 3: RABI8

« Warburg micro syndrome type 4: TBC1D20

Prevalence
Data on the prevalence of RAB18 deficiency are limited.

As expected for an autosomal recessive disorder, incidence is known to be higher in isolated communities and in
communities with a high rate of consanguinity [Bem et al 2011, Handley et al 2013].

Incidence may be higher in populations in which pathogenic founder variants are present at a high frequency.
Notably, loss of function of an essential splice site variant in RAB3GAPI, c.748+1G>A, has been identified as a
founder allele in 11 families of Turkish origin [Aligianis et al 2005, Yiiksel et al 2007, Dursun et al 2012, Yildirim
et al 2012, Handley et al 2013, Tasdemir et al 2015].

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with germline
pathogenic variants in RAB3GAP1, RAB3GAP2, RABIS, or TBC1D20.



10 GeneReviews®

Differential Diagnosis

Array CGH may be useful in identifying pathogenic copy number variants associated with clinical findings
similar to those in RAB18 deficiency [Arroyo-Carrera et al 2015]. Similarly, TORCH screening may useful in
determining whether prenatal infection is a potential cause of the clinical findings [Gupta et al 2016].

Note that in RAB18 deficiency, prenatal onset of cataracts appears to be a consistent feature, a finding in contrast
to other inherited conditions in which cataracts are a more variable manifestation or can arise postnatally (Table
2).

Differential diagnosis therefore includes some other syndromes with congenital cataracts.

Table 2. Disorders to Consider in the Differential Diagnosis of RAB18 Deficiency

Features of the Differential Diagnosis Disorder

Disorder Gene(s) MOI  Overlapping w/RAB18

Deficiency Distinguishing from RAB18 Deficiency

Positive TORCH screen, frequently
NA NA CC, microphthalmia associated w/SNHL, cardiac defects,
rash, hepatosplenomegaly

Prenatal TORCH infection
(particularly rubella)

Characteristic dysmorphic features,
cardiac defects, hearing loss, skeletal &
renal abnormalities often present

Monosomy 1p36 (OMIM 607872)  NA De novo M1cr0cep}.12.11y, DD/ID, genital
abnormalities, rarely cataracts
Microcephaly, DD/ID, genital
abnormalities, hypotonia,
seizures, corpus callosum
hypogenesis, cataracts

ID present in only ~30% of cases,
usually mild-moderate. Cardiac defects,
SNHL may be present.

Monosomy 1q21 NA De novo

Cutaneous photosensitivity; cultured

Recs CC, microcornea, optic cells from affected individuals are
o OMIM pe L Thece atrophy, microcephaly, ID, hypersensitive to UV radiation
syndrome (OMIM PS214150), ERCC5 AR short stature, contractures, PYP . p o .
Cockayne syndrome ERCC6 corpus callosum hypoplasia, igmentary retinopathy, brain

ERCCS cryptorchidism calcifications, FT'T, arthrogryposis,

SNHL may be present.

1 7-dehydrocholesterol in serum.
Characteristic dysmorphic features.
Postaxial polydactyly or 2-3 toe
syndactyly, cardiac defects, renal defects,
& photosensitivity frequently present.
Cataracts may appear acutely.

Microcephaly, short stature,
Smith-Lemli-Opitz syndrome DHCR7 AR ID, hypotonia, genital
abnormalities, CC

Microcephaly, ID, corpus

Cutis laxa, de Barsy syndrome ALDHISAI callosum hypogenesis, Lax, thin, sometimes wrinkled, skin.
(OMIM 219150 612940, 614438, PYCRI AR/AD hypotonia, short stature, Progeria-like appearance. Cataracts may
616603) contractures, cataracts may be develop postnatally.

present.

CC, ID, microphthalmia,
PEX11B AR short stature, hypotonia &
spasticity

Peroxisome biogenesis disorder 14B
(OMIM 614920)

Normal MRI. Dry skin, SNHL may be
present.

CC, microcephaly, ID, short
ITPA AR stature, hypotonia &
spasticity, hypogonadism

Epileptic encephalopathy, early
infantile, 35 (OMIM 616647)

Characteristic imaging findings, early-
onset dilated cardiomyopathy


https://omim.org/entry/607872
https://www.ncbi.nlm.nih.gov/books/n/gene/mdel1q21_1/
https://omim.org/phenotypicSeries/PS214150
https://www.ncbi.nlm.nih.gov/books/n/gene/cockayne/
https://www.ncbi.nlm.nih.gov/books/n/gene/slo/
https://omim.org/entry/219150
https://omim.org/entry/612940
https://omim.org/entry/614438
https://omim.org/entry/616603
https://omim.org/entry/614920
https://omim.org/entry/616647
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Table 2. continued from previous page.
Features of the Differential Diagnosis Disorder

Disorder Gene(s) MOI  Overlapping w/RAB18

Deficiency Distinguishing from RAB18 Deficiency

Cerebellar ataxia; imaging shows
cerebellar atrophy. T serum creatine
kinase, myopathy, skeletal abnormalities
may be present; cataracts may appear
postnatally.

CC, hypotonia, ID,

Marinesco-Sjogren syndrome SILI1 AR hypogonadism

Cataract, microcephaly,

arthrogryposis, and kyphosis NA NA CC, microcephaly, ID,
(CAMAK/CAMFAK) syndrome contractures

(OMIM 212540)

Kyphosis, arthrogryposis. Brain
calcifications may be present. Cataracts
may appear postnatally.

AD = autosomal dominant; AR = autosomal recessive; CC = congenital cataracts; DD = developmental delay; FT'T = failure to thrive;
ID = intellectual disability; MOI = mode of inheritance; NA = not applicable; SNHL = sensorineural hearing loss; XL = X-linked

Management

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with RAB18 deficiency, the evaluations in
Table 3 (if not performed as part of the evaluation that led to diagnosis) are recommended.

Table 3. Recommended Evaluations Following Initial Diagnosis of RAB18 Deficiency

System/Concern Evaluation Comment
. Consultati logist if
Eyes Ophthalmologic exam onstaton w/neurg oISt
spasticity found or seizures suspected
. Measurement of head size (OFC); assessment of motor function &
Neurologic

reflexes

Consultation w/feeding specialist, nutritionist, &/or

Gastrointestinal gastroenterologist for assessment of feeding difficulties & nutritional
status
. . . Consider consultation w/urologist if a
Endocrine Eval by endocrinologist recommended / &

male has cryptorchidism.
Assessment of developmental milestones

Miscellaneous / Other
Consultation w/clinical geneticist &/or genetic counselor

OFC = occipitofrontal circumference

Treatment of Manifestations

Treatment is symptomatic and supportive. It is best approached through collaborative care involving medical
specialists, and is best coordinated by a pediatrician who is aware of the child's general health and development.
Psychosocial support for families is an important component of effective care.


https://www.ncbi.nlm.nih.gov/books/n/gene/mss/
https://omim.org/entry/212540
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Table 4. Treatment of Manifestations in Individuals with RAB18 Deficiency

Manifestation/ . .
Treatment Considerations/Other
Concern
Cataract surgery results are poor due to cortical visual
Surgery frequently performed to remove .~ .
Cataracts cataracts impairment. Glaucoma secondary to cataract surgery
reported in several affected persons.
Long-term treatment may be required. Seizure type in
Seizures Treatment by neurologist based on type of those w/polymicrogyria-associated epilepsy may change

seizure present over time; neurologic surveillance & potentially altered
seizure management may be required.

PT to maximize mobility. Contractures are Consider use of durable medical equipment as needed
Motor dysfunction anecdotally responsive to baclofen, (e.g., wheelchairs, walkers, bath chairs, orthotics, adaptive
Botox®, & orthopedic procedures. ! strollers).

Progression of motor dysfunction in later
life may affect chest expansion &

Breathing difficulties necessitate use of assisted ventilation; e.g.,
w/CPAP or breathing apparatus to
maintain effective oxygenation.

Persons w/Warburg micro syndrome frequently have
difficulties chewing & swallowing, &/or dysphagia. Also,
aspiration may place affected persons at risk for
pulmonary infection.

Feeding difficulties w/

1
resulting malnutrition Gastrostomy tube placement

Manifestations anecdotally responsive to . . . .
¥ resp Differences may exist among medical professionals &

Hyp ogonad:otrop 1 hormone replacement therap}f. . w/in families re use of this therapy, which will initiate
hypogonadism Undescended testes may require surgical . . .
mgmt. puberty & may improve subsequent bone mineral density.

CPAP = continuous positive airway pressure; PT = physical therapy
1. Graham et al [2004]

Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical,
and feeding therapy. In the US, early intervention is a federally funded program available in all states.

Ages 3-5 years. Patient is evaluated to determine required services and therapies, and to develop an
individualized education plan (IEP).

Ages 5-21 years. Developmental pediatricians can provide recommendations for schooling and assistance with
transition to adulthood.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of
appropriate agencies and to support parents in maximizing quality of life.

Consideration of private supportive therapies based on the affected individual's needs is recommended. Specific
recommendations regarding type of therapy can be made by a developmental pediatrician.

In the US:
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» Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a public agency
that provides services and support to qualified individuals. Eligibility differs by state but is typically
determined by diagnosis and/or associated cognitive/adaptive disabilities.

o Families with limited income and resources may also qualify for supplemental security income (SSI) for
their child with a disability.

Motor Dysfunction

Communication issues. Consider evaluation for alternative means of communication (e.g., augmentative and
alternative communication [AAC] for individuals who have expressive language difficulties.

Prevention of Secondary Complications

Respiratory infections. Individuals with Warburg micro syndrome are prone to respiratory infection because of
reduced mobility, aspiration, and motor dysfunction. These can be life threatening and should be treated
accordingly.

Risk of injury. Reduced mobility, hormonal imbalance, and treatment with anticonvulsants are risk factors for
the development of osteoporosis. Affected individuals are at increased risk of broken limbs and dislocations and
may be unable to effectively communicate the cause of the resulting distress. Consideration should be given to
ongoing monitoring of bone densities and vitamin D levels, and to orthopedic assessment in case of acute
admissions.

Surveillance

No formal surveillance guidelines exist for RAB18 deficiency. Suggested surveillance includes routine follow up
with

 An ophthalmologist

A neurologist

o A developmental specialist, such as a developmental pediatrician

« A feeding team and nutritionist

« An endocrinologist, especially in infancy to assess degree of hypogonadism and at the age that puberty
typically would occur

« Hearing tests

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.


http://www.asha.org/NJC/AAC/
http://www.asha.org/NJC/AAC/
https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Mode of Inheritance

RAB18 deficiency is inherited in an autosomal recessive manner.

Risk to Family Members
Parents of a proband

o The parents of an affected child are obligate heterozygotes (i.e., carriers of one RAB3GAPI1, RAB3GAP2,
RABIS, or TBC1D20 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.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a RAB3GAPI,
RAB3GAP2, RABIS, or TBC1D20 pathogenic variant.

Carrier (Heterozygote) Detection

Carrier testing for at-risk relatives requires prior identification of the RAB3GAP1, RAB3GAP2, RABIS, or
TBCI1D20 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 Itis appropriate 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.

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is
unknown).

Prenatal Testing and Preimplantation Genetic Testing

Once the RAB3GAP1, RAB3GAP2, RABI18, or TBC1D20 pathogenic variants have been identified in an affected
family member, prenatal testing for a pregnancy at increased risk and preimplantation genetic testing for RAB18
deficiency are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing, particularly if the testing is being considered for the purpose of pregnancy termination rather
than early diagnosis. While most centers would consider use of prenatal testing to be a personal decision,
discussion of these issues may be helpful.
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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 RAB18 Deficiency have been identified by GeneReviews staft.

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. RAB18 Deficiency: Genes and Databases

Gene Chromosome Locus  Protein Locus-Specific HGMD ClinVar
Databases
RAB3GAPI 2q21.3 Rab3 GTPase- RAB3GAPI1 database RAB3GAP1 RAB3GAP1

activating protein
catalytic subunit

RAB3GAP2 1q41 Rab3 GTPase- RAB3GAP2 @ RAB3GAP2 RAB3GAP2
activating protein LOVD
non-catalytic subunit

RABIS8 10p12.1 Ras-related protein ~ RAB18 @ LOVD RAB18 RAB18
Rab-18

TBC1D20 20p13 TBC1 domain family TBC1D20 TBC1D20
member 20

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 RAB18 Deficiency (View All in OMIM)

212720 MARTSOLF SYNDROME 1; MARTS1

600118 WARBURG MICRO SYNDROME 1; WARBM1

602207 RAS-ASSOCIATED PROTEIN RAB18; RAB18

602536 RAB3 GTPase-ACTIVATING PROTEIN, CATALYTIC SUBUNIT; RAB3GAP1
609275 RAB3 GTPase-ACTIVATING PROTEIN, NONCATALYTIC SUBUNIT; RAB3GAP2
611663 TBC1 DOMAIN FAMILY, MEMBER 20; TBC1D20

614222 WARBURG MICRO SYNDROME 3; WARBM3

614225 WARBURG MICRO SYNDROME 2; WARBM2

615663 WARBURG MICRO SYNDROME 4; WARBM4

Molecular Pathogenesis

The molecular pathology of Warburg micro syndrome and Martsolf syndrome arises either from the absence of
Ras-related protein Rab-18 (RAB18) protein or from its functional absence as a result of dysregulation. Because
RAB3GAP1, RAB3GAP2, and TBC1D20 are each essential for the regulation of RAB18, biallelic loss-of-
function variants in the genes that encode these proteins lead to clinically indistinguishable phenotypes.


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://www.ncbi.nlm.nih.gov/gene/22930
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=22930
http://www.uniprot.org/uniprot/Q15042
http://www.uniprot.org/uniprot/Q15042
http://www.uniprot.org/uniprot/Q15042
http://databases.lovd.nl/shared/genes/RAB3GAP1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=RAB3GAP1
https://www.ncbi.nlm.nih.gov/clinvar/?term=RAB3GAP1[gene]
https://www.ncbi.nlm.nih.gov/gene/25782
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=25782
http://www.uniprot.org/uniprot/Q9H2M9
http://www.uniprot.org/uniprot/Q9H2M9
http://www.uniprot.org/uniprot/Q9H2M9
http://lsdb.hgu.mrc.ac.uk/home.php?select_db=RAB3GAP2
http://lsdb.hgu.mrc.ac.uk/home.php?select_db=RAB3GAP2
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=RAB3GAP2
https://www.ncbi.nlm.nih.gov/clinvar/?term=RAB3GAP2[gene]
https://www.ncbi.nlm.nih.gov/gene/22931
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=22931
http://www.uniprot.org/uniprot/Q9NP72
http://www.uniprot.org/uniprot/Q9NP72
http://lsdb.hgu.mrc.ac.uk/home.php?select_db=RAB18
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=RAB18
https://www.ncbi.nlm.nih.gov/clinvar/?term=RAB18[gene]
https://www.ncbi.nlm.nih.gov/gene/128637
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=128637
http://www.uniprot.org/uniprot/Q96BZ9
http://www.uniprot.org/uniprot/Q96BZ9
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=TBC1D20
https://www.ncbi.nlm.nih.gov/clinvar/?term=TBC1D20[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/212720,600118,602207,602536,609275,611663,614222,614225,615663
https://www.ncbi.nlm.nih.gov/omim/212720
https://www.ncbi.nlm.nih.gov/omim/600118
https://www.ncbi.nlm.nih.gov/omim/602207
https://www.ncbi.nlm.nih.gov/omim/602536
https://www.ncbi.nlm.nih.gov/omim/609275
https://www.ncbi.nlm.nih.gov/omim/611663
https://www.ncbi.nlm.nih.gov/omim/614222
https://www.ncbi.nlm.nih.gov/omim/614225
https://www.ncbi.nlm.nih.gov/omim/615663
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RABI18 encodes a highly conserved member of the RAB subfamily of the RAS superfamily of small GTPases
[Handley 2017]. Different RAB protein isoforms function to regulate discrete steps in trafficking between
cellular membrane compartments. RAB18 is proposed to have roles in regulation of lipid droplets, lipolysis, and
lipogenesis [Martin et al 2005, Ozeki et al 2005, Pulido et al 2011], trafficking between the Golgi and
endoplasmic reticulum (ER) [Dejgaard et al 2008, Handley et al 2015], ER structure [Gerondopoulos et al 2014],
exocytosis [Vazquez-Martinez et al 2007], and autophagy [Feldmann et al 2017]. The specific cellular deficit(s)
that underlie the pathology of Warburg micro syndrome and Martsolf syndrome are not yet known.

In common with other small GTPases, RAB proteins function as "molecular switches." They can bind to GDP or
GTP and adopt different conformations according to which nucleotide is bound. These different conformations
are in turn associated with altered protein-binding characteristics that affect interactions with regulators and
with the mediators of their downstream cellular functions. Switching between GDP- and GTP-bound
conformations is tightly regulated by two classes of protein, guanine nucleotide exchange factors (GEFs) and
GTPase-activating proteins (GAPs). GEFs mediate the exchange of bound GDP for GTP. GAPs stimulate the
intrinsic GTPase activity of the RAB proteins, thereby mediating hydrolysis of bound GTP into GDP.

RAB3GAPI and RAB3GAP2 each encode essential subunits of a binary complex with GEF activity toward
RAB18 [Gerondopoulos et al 2014]. This complex is necessary to mediate GDP-GTP exchange and the
associated RAB18 conformational change.

TBCI1D20 encodes a RAB-GAP with modest in vitro GAP activity toward RAB18. Several lines of evidence
indicate that it functions as a RAB18-GAP physiologically [Haas et al 2007, Handley et al 2015]. The regulation
of RAB18 by TBC1D20 opposes that of the RAB3GAP complex, promoting its GDP- rather than the GTP-
bound conformation. However, both regulators are required for RAB18 to function appropriately, in a
spatiotemporally restricted manner.

RAB3GAPI1

Gene structure. The canonic RAB3GAPI transcript, NM_012233.2, comprises 24 coding exons and encodes a
981-amino acid protein.

An additional in-frame microexon of 21 nucleotides constitutes exon 24 that is incorporated into the 25-exon
alternative transcript, NM_001172435; this microexon may be differentially expressed in the brain [Irimia et al
2014]. For a detailed summary of gene and protein information, see Table A, Gene; a summary of transcripts is
in Ensemble.

Pathogenic variants. Biallelic pathogenic variants in RAB3GAPI are the most frequently reported cause of
RABI8 deficiency. Pathogenic variants are found throughout the gene and in most cases are likely to
compromise gene expression.

« Homozygous pathogenic variants were identified in 67 families: 19 were splice site, 18 nonsense, 20
frameshift, six missense, and four intragenic deletions [Aligianis et al 2005, Abdel-Salam et al 2007, Yiiksel
et al 2007, Morris-Rosendahl et al 2010, Dursun et al 2012, Yildirim et al 2012, Handley et al 2013,
Gillespie et al 2014, Picker-Minh et al 2014, Sawyer et al 2014, Imagawa et al 2015, Tasdemir et al 2015,
Gupta et al 2016, Kabzinska et al 2016, Rump et al 2016, Srivastava et al 2016, Patel et al 2017].

« Compound heterozygous pathogenic variants were identified in ten families: 12 were nonsense, three
splice site, three frameshift, one missense, and one was unidentified [Handley et al 2013, Asahina et al
2016, Trkova et al 2016].

Pathogenic variants identified in RAB3GAPI in more than one family include:

« In individuals of Turkish ethnic origin: the splice site variant c.748+1G>A [Aligianis et al 2005, Yiiksel et
al 2007, Dursun et al 2012, Yildirim et al 2012, Handley et al 2013, Tasdemir et al 2015].


https://www.ncbi.nlm.nih.gov/nuccore/NM_012233.2
https://www.ncbi.nlm.nih.gov/nuccore/NM_001172435
https://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000115839;r=2:135052265-135176394
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« In individuals of Pakistani ethnic origin: the splice site variant c.649-2A>G and a missense variant,
c.52A>C [Aligianis et al 2005, Handley et al 2013].

Recurrent pathogenic variants identified in individuals with different ethnic backgrounds include c.899+1G>A,
c.1039C>T, and ¢.2801delC.

The apparent frameshift variant c.9delC was identified in sibs with Martsolf syndrome [Handley et al 2013] (see
Genotype-Phenotype Correlations). Analysis of lymphoblast RNA from an affected child detected expression of
an alternate RAB3GAPI transcript, which may be sufficient to explain the milder Martsolf syndrome phenotype
in this family.

Table 5. RAB3GAPI Pathogenic Variants Discussed in This GeneReview

Predicted Protein Change e S e

DNA Nucleotide Change (Alias 1)

¢9delC 2 D Thrtoal)

c¢.52A>C p.Thr18Pro

c71A>T p-Glu24Val

€.560G>C p.Argl87Pro

.649-2A>G NA NM_012233.2
c.748+1G>A 3 NA NP-0363051
c.899+1G>A NA

c.1039C>T p-Arg347Ter

¢.2801delC p-Pro934LeufsTer87

¢.2865_2866insTTCT p-Pro956PheTer15

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.

1. Variant designation that does not conform to current naming conventions

2. See Genotype-Phenotype Correlations.

3. See Prevalence.

Normal gene product. Functional characterization of RAB3GAPI protein domains is limited. Biochemical
evidence suggests that GTPase-activating protein ("GAP") activity specific for RAB3 isoforms resides in the C-
terminal portion of the protein between amino acid residues 600 and 981 and identifies Arg728 as a critical
residue in this activity [Clabecq et al 2000]. No evidence to date has definitively implicated loss of RAB3-GAP
activity in, or excluded it from, a role in disease pathogenesis.

Abnormal gene product. Biochemical characterization of several of the disease-associated variants in
RAB3GAPI has been carried out [Gerondopoulos et al 2014].

Two of three pathogenic missense variants in RAB3GAPI, resulting in p.Thr18Pro and p.Glu24Val substitutions,
disrupt the in vitro RAB18-GEF activity of the RAB3GAP1-RAB3GAP2 complex but do not affect the in vitro
RAB3-GAP activity of RAB3GAP1. These data suggest that loss of RAB18-GEF activity is responsible for disease
pathogenesis.

A third pathogenic missense variant, c.560G>C, p.Arg187Pro, has not been characterized at a molecular level
[Asahina et al 2016].


https://www.ncbi.nlm.nih.gov/nuccore/NM_012233.2
https://www.ncbi.nlm.nih.gov/protein/NP_036365.1
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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The location of the loss-of-function missense variants in RAB3GAPI may indicate that the N-terminal region of
RAB3GAP1 is critical for its RAB18-GEEF activity. However, the association of a c¢.9delC variant with Martsolf
syndrome rather than Warburg micro syndrome [Handley et al 2013] suggests that the extreme N-terminus may
be dispensable for the protein to retain some functional activity.

Two of the pathogenic variants in RAB3GAPI, c.2801delC and c.2865_2866insTTCT, affect the last exon of the
gene and are therefore unlikely to reduce protein expression as a result of nonsense-mediated decay of the
transcript [Aligianis et al 2005, Handley et al 2013]. This suggests that residues at the C-terminus of the protein,
amino acids 934-981, are functionally important.

RAB3GAP2

Gene structure. The canonic RAB3GAP2 transcript, NM_012414, comprises 35 coding exons and encodes a
1,393-amino acid protein. For a detailed summary of gene and protein information, see Table A, Gene.

Pathogenic variants. In all affected individuals in the 11 families reported to date with RAB3GAP2 pathogenic
variants, the variants have been homozygous [Aligianis et al 2006, Borck et al 2011, Handley et al 2013].

Nonsense variants were identified in five families, frameshift variants in two families, and missense variants in
two families. An in-frame deletion and a variant affecting splicing were each identified in single families. One

pathogenic missense RAB3GAP2 variant, c.1276C>T, p.Arg426Cys, was associated with Martsolf syndrome in
two families of different ethnic origins.

Table 6. RAB3GAP2 Pathogenic Variants Discussed in This GeneReview

Predicted Protein Change

DNA Nucleotide Change (Alias) ! Reference Sequences

c.499_507del p-Phel67_Thr169del

c1276C>T p.Arg426Cys NM_021414.3

A 154GeT p.Gly1052Cys NP_036546.2
(Gly1051Cys)

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.

1. Variant designation that does not conform to current naming conventions

Normal gene product. Functional characterization of RAB3GAP2 protein domains is limited.

Abnormal gene product. Characterization of the pathogenic p.Arg426Cys variant in RAB3GAP2 shows that
this substitution disrupts the in vitro RAB18-GEF activity of the RAB3GAP1-RAB3GAP2 complex
[Gerondopoulos et al 2014].

An in-frame deletion associated with Warburg micro syndrome, c.499_507del, removes conserved residues
Phel67, Tyr168, and Thr169 from the protein, suggesting that these residues are also functionally important
[Borck et al 2011].

RAB18

Gene structure. The canonic RABI8 transcript, NM_021252.4, comprises seven coding exons and encodes a
206-amino acid protein. Multiple poorly characterized alternatively-spliced RABI18 transcripts have been
identified. One such transcript, NM_001256410, incorporates an additional exon encoding 29 additional amino


https://www.ncbi.nlm.nih.gov/nuccore/NM_021414.3
https://www.ncbi.nlm.nih.gov/protein/NP_036546.2
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/nuccore/NM_021252.4
https://www.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000099246;r=10:27504174-27542237

RAB18 Deficiency 19

acids, but this transcript has not been associated with disease. For a detailed summary of gene and protein
information, see Table A, Gene.

Pathogenic variants. In nine families in which pathogenic variants have been reported to date, the variants were
homozygous in eight and compound heterozygous in one [Bem et al 2011, Handley et al 2013, Gillespie et al
2014, Mandarano et al 2017].

A pathogenic founder variant, c.71T>A, is responsible for RAB18 deficiency in five families of ethnic Pakistani
origin [Bem et al 2011, Gillespie et al 2014]. Other identified pathogenic variants are in Table 7.

Table 7. RABI8 Pathogenic Variants Discussed in This GeneReview

DNA Nucleotide Change Predicted Protein Change Reference Sequences
c71T>A p-Leu24Gln

€.277_279del p-Arg93del NM_021252.4
c.284C>G p-Thr95Arg NP_067075.1
c.619T>C p.Ter207GlnextTer20 !

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.

1. An extension variant with a sequence change in the translation termination (stop or Ter) codon 207 that extends the normal
translational reading frame adding new amino acids and ending at new stop codon at position 20.

Normal gene product. A crystal structure of RAB18 has been generated (Protein Data Bank reference: 1X3S). In
this structure, residues Gly15-Ser23, Phe33-Thr40, Asp63-Gln67, Asn122-Lys126, and Ala150-Lys153 are each
in close proximity to bound nucleotide. Residues Lys21-Ser22, Ala38-Thr40, and Asp63-Thr64 are each in close
proximity to bound magnesium. RAB18 has a C-terminal Cys-Ser-Val-Leu motif (amino acids 203-206) that is
subject to post-translational modification. The Cys residue is geranylgeranylated, the terminal Ser-Val-Leu is
then cleaved and the Cys residue is methylated [Leung et al 2007]. The geranylgeranyl-modification is important
for the interactions of RAB18 with regulatory molecules and with membranes.

Abnormal gene product. A comparable clinical picture in individuals with a nonsense variant, a deletion of
exon 2, and other pathogenic variants in this gene suggests that each of these variants completely abrogates
protein function [Bem et al 2011, Mandarano et al 2017].

In vitro analyses of recombinant RAB18 p.Leu24Gln and p.Arg93del proteins shows that these variants
completely abolish nucleotide binding [Bem et al 2011].

A c.284C>G, p.Thr95Arg variant has not been functionally characterized, but the proximity of Thr95 to Arg93
suggests that this substitution has a similar effect [Handley et al 2013].

A disease-associated extension variant, c.619T>C, is unlikely to impair nucleotide binding but is likely to
compromise the post-translational modification of RAB18 and its association with membranes [Bem et al 2011].

Together, these data suggest that both nucleotide binding and post-translational modification are essential for
RAB18 to function.

TBC1D20

Gene structure. The canonic TBC1D20 transcript, NM_144628.3, comprises eight coding exons and encodes a
403-amino acid protein (NP_653229.1).


https://www.ncbi.nlm.nih.gov/nuccore/NM_021252.4
https://www.ncbi.nlm.nih.gov/protein/NP_067075.1
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.rcsb.org/pdb/explore/explore.do?structureId=1X3S
https://www.ncbi.nlm.nih.gov/nuccore/NM_144628.3
https://www.ncbi.nlm.nih.gov/protein/NP_653229.1
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Pathogenic variants. Pathogenic TBCI1D20 variants have been homozygous in the affected children in all five
families reported to date [Liegel et al 2013]. Nonsense variants were identified in three families; a frameshift
variant and a deletion encompassing exons 2-8 were each identified in single families.

Normal gene product. TBC1D20 is a member of a family of homologous proteins, each containing a Tre2-
Bub2-Cdc16 (TBC) domain. TBC domains have been found to confer RAB-GAP activity on these proteins, and
each usually has a differing specificity for different RAB protein isoforms [Frasa et al 2012]. The TBC domain of
TBC1D20 is located between amino acids 60 and 246. A crystal structure of TBC1D20 in a complex with RAB1B
(Protein Data Bank reference: 4HLQ) has been described, and amino acid residues Argl105 and Gln144 shown to
be important for catalytic activity [Gavriljuk et al 2012]. TBC1D20 contains a C-terminal transmembrane
domain between amino acids 367 and 387 through which it associates with the membrane of the endoplasmic
reticulum; this domain is likely to be essential for normal protein function.

Abnormal gene product. Each of the identified human pathogenic variants in TBC1D20 is likely to disrupt
protein expression. A comparable clinical picture between an individual with a deletion encompassing exons 2-8

and the other affected individuals suggests that loss of protein expression is complete in each instance [Liegel et
al 2013].

A pathogenic variant identified in the mutated mouse model, blind-sterile, is an in-frame deletion affecting five
amino acids corresponding to Phe232-Val236 in the TBC domain of the human protein. The mutant protein of
blind-sterile shows reduced stability and dramatically reduced catalytic activity as compared to its wild type
counterpart suggesting that these residues are functionally important [Liegel et al 2013].
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