NS+

Mahnara

4 Qatar Research
Repository
by Qatar National Library

A founder RAB27A variant causes Griscelli syndrome type 2 with phenotypic
heterogeneity in Qatari families

Reem Al-Sulaiman, Amna Othman, Karen El-Akouri, Shehab Fareed, Hajer AlMulla, Aseel Sukik, Mariam Al-
Mureikhi, Noora Shahbeck, Rehab Ali, Fatma Al-Mesaifri, Sara Musa, Mariam Al-Mulla, Khalid Ibrahim, Khalid
Mohamed, Maryam Ali Al-Nesef, Mohammad Ehlayel, Tawfeg Ben-Omran

Item type
Journal Contribution

Terms of use
This work is licensed under a CC BY 4.0 license

This version is available at

https://manara.qgnl.qa/articles/journal_contribution/A_founder_RAB27A_variant_causes_Griscelli_syndrome_type 2_with_phenoty
Access the item on Manara for more information about usage details and recommended citation.

Posted on Manara — Qatar Research Repository on
2020-08-28


https://creativecommons.org/licenses/by/4.0/
https://manara.qnl.qa/articles/journal_contribution/A_founder_RAB27A_variant_causes_Griscelli_syndrome_type_2_with_phenotypic_heterogeneity_in_Qatari_families/22257484/2

W) Check for updates

Received: 19 May 2020 Revised: 13 July 2020 Accepted: 21 July 2020
DOI: 10.1002/ajmg.a.61829

ORIGINAL ARTICLE medicalgenetics WILEY

A founder RAB27A variant causes Griscelli syndrome type
2 with phenotypic heterogeneity in Qatari families

Reem Al-Sulaiman'? | Amna Othman?®? | Karen El-Akouri'? |

Shehab Fareed? | Hajer AlMulla'? | Aseel Sukik* | Mariam Al-Mureikhil?® |
Noora Shahbeck!? | Rehab Ali'?3 | Fatma Al-Mesaifril3 | SaraMusa? |
Mariam Al-Mulla®® | Khalid Ibrahim®>©® | Khalid Mohamed® ©® |

Maryam Ali Al-Nesef® | Mohammad Ehlayel”® | Tawfeg Ben-Omran?#8

Department of Medical Genetics, Hamad

Medical Corporation, Doha, Qatar Abstract

Department of Adult Hematology/Oncology, Griscelli syndrome type 2 (GS2) is a rare autosomal recessive disorder caused by
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1 | INTRODUCTION

Griscelli syndrome (GS) is a rare autosomal recessive disorder first
Abbreviations: DD, developmental delay; GS2, Griscelli syndrome type 2; HLH,
hemophagocytic lymphohistiocytosis; HSCT, hematopoietic stem cell transplantation; ID,
intellectual disability. immunodeficiency (Griscelli et al., 1978). Symptoms of GS overlap

described in 1978 as a disorder of partial albinism associated with
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with Chediak-Higashi syndrome: partial albinism, variable neurological
deficit, and lower body immunity that may lead to recurrent infections
and, subsequently, hemophagocytic lymphohistiocytosis (HLH)
(Henter et al., 2007). HLH, usually triggered by viruses and manifested
by unremitting fever, cytopenia, and organomegaly, is a life-
threatening complication unless treated with hematopoietic stem cell
transplantation (HSCT).

Three distinct types of GS have been described based on molecular
analysis. GS type 1 (GS1) (OMIM: 214450) is caused by pathogenic vari-
ants in the MYOS5A gene and presents with hypopigmentation and pri-
mary neurological deficit with an intact immune system (Pastural et al.,
1997). GS type 2 (GS2) (OMIM: 607624) is caused by pathogenic vari-
ants in the RAB27A gene and manifests with partial albinism that can be
subtle and immunodeficiency that mainly affects T lymphocytes and nat-
ural killer (NK) cells, with complications ranging from frequent pyogenic
infections of the skin and internal organs to HLH. Neurological impair-
ment, which is a well-recognized feature of GS1 at birth, is increasingly
reported in GS2 as a spectrum of neuropathology that develops at a later
stage after birth and includes seizures, strabismus, nystagmus, ataxia,
hemiparesis, facial palsy, and impairment of cognitive functions (Anikster
et al., 2002; Rajadhyax et al., 2007). GS type 3 (GS3) (OMIM: 609227) is
caused by pathogenic variants in the MELANOPHILIN gene and is charac-
terized by unusually light skin and silvery-gray hair. Unlike the other
forms of GS, the central nervous system (CNS) and the immune system
are not involved in GS3 (Ménasché et al., 2003).

In GS2, the RAB27A gene that encodes a GTPase called Rab27a is
disrupted and affects a melanosome-anchoring complex in melanocytes
as well as exocytosis of cytolytic granules from T lymphocytes and NK
cells, thus increasing the susceptibility to recurrent infections and culmi-
nating in life-threatening HLH (Bahadoran et al., 2003; Marsh, 2018;
Zhang et al., 2016). Ashen mice with a loss of function variant in the
RAB27A gene provide a mouse model for GS and demonstrate defects in
melanosomes, which abnormally cluster in the perinuclear region of mela-
nocytes, and lytic granules within cytotoxic T lymphocytes (CTLs), which
prevents CTLs from killing target cells (Barral et al., 2002; Haddad et al.,
2001; Hume et al., 2001; Stinchcombe et al., 2001; Wilson et al., 2000;
Wau et al.,, 2001). The Rab27a protein, a member of the Rab family, has
been identified in different cell types, including oligodendrocytes, as a
potential positive regulator of exosome release and proteolipid trafficking
(Shen et al., 2016). Meeths et al. (2010) suggested that GS's neurological
abnormalities could be associated with the inflammatory HLH state and
lymphohistiocytic infiltration of the brain rather than a result of the
Rab27a deficiency itself. However, another theory proposed that neuro-
logical abnormalities could be part of the underlying disease, directly
related to the defective Rab27a protein, and occurring in the absence of

immunodeficiency (Panigrahi et al., 2015y

2 | OBIJECTIVE

This case series aims to describe the broad spectrum of clinical pre-
sentations of GS2 in Qatari families in association with a recurring
RAB27A pathogenic variant (NM_004580.4: c.244C > T, p.Arg82Cys)
ranging from asymptomatic healthy individuals to patients with
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isolated dermatosis and skin manifestations, to patients with more
severe neurological and immunological complications, including fatal
HLH. In this article, we refer to this RAB27A variant as p.R82C.

3 | MATERIALS AND METHODS

In this case series, we report on 12 individuals from six Qatari families
diagnosed with GS2 at the Medical Genetics Department at Hamad
Medical Corporation, Doha, Qatar, between 2002 and 2019. We con-
ducted a thorough review of patient medical records and collected
detailed demographic and clinical data: age at presentation, age at
diagnosis, gender, family history, clinical presentation, diagnostic
workup (hematological, immunological, neuroimaging, and molecular
genetic), management, and disease outcome. Medical data were strati-
fied based on the most common systems involved, including neurolog-
ical (e.g., seizures, strabismus, nystagmus, hemiparesis, developmental
delay, intellectual disability, and abnormal brain imaging), hematologi-
cal (e.g., HLH), dermatological, and immunological.

Clinical exome sequencing (CES) (XomeDx) was performed on all
probands at GeneDx, USA. DNA was extracted from submitted speci-
mens, enriched for most genes of the human genome using a proprie-
tary capture system developed by GeneDx for next-generation
sequencing with copy number variant (CNV) calling (NGS-CNV), and
sequenced with paired-end reads on an lllumina platform (GeneDx, n.
d.). Bi-directional sequence reads were assembled and aligned to refer-
ence sequences based on NCBI RefSeq transcripts and human genome
build GRCh37/UCSC hg19 (GeneDx, n.d.). A custom-developed analy-
sis tool (XomeAnalyzer) was used to filter and analyze the data to iden-
tify the sequence and copy number variants (Retterer et al., 2016).
Reported clinically significant variants were confirmed by an appropri-
ate orthogonal method. Sequence variants were reported according to
the Human Genome Variation Society (HGVS) (GeneDx, n.d.).

CES (XomeDx) covered 100% of the coding region of the RAB27A
gene (NM_004580.4) at a minimum of 10x. All probands and their fam-
ily members, male and female, identified to harbor the RAB27A p.R82C
variant were included in this study. Non-Qatari patients and patients
with pathogenic RAB27A variants different from p.R82C were excluded.

The study was conducted under the Declaration of Helsinki, and
the protocol was approved by the Institutional Review Board (IRB) at

Hamad Medical Corporation.

4 | RESULTS
4.1 | Cases presentations

Families are presented in Figure 1a-f.

411 | Family A

The index patient A-1 is a 13-year-old female. She was the prod-
uct of a full-term normal vaginal delivery with a birth weight of
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FIGURE 1 Family Pedigree (A-F)

3,200 g, a length of 51 cm, and a head circumference of 35 cm
(Figure 1a). Apgar score was 9 at 1 min and 10 at 5 min. She was
diagnosed with classical homocystinuria through the Qatar
National Expanded Metabolic Newborn Screening Program and
was immediately started on treatment with a good outcome. Her
parents are first cousins, and she has an older brother, all reported
to be healthy.

At the age of 1 year, the patient started to develop a progressive
skin rash (eczematous patches/granulomatous), mainly on the face
and limbs. Different dermatologists evaluated her over several years
without reaching a final diagnosis. At the age of 12 years, CES was
performed and showed a homozygous pathogenic variant p.R82C in
the RAB27A gene. Interestingly, trio analysis of the exome sequencing
data revealed that the mother A-2, who is asymptomatic, was
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homozygous for the same RAB27A pathogenic variant, while the

father and brother were heterozygous.

412 | FamilyB

The index patient B-1 is a previously healthy 4-year-old male who
presented with a non-paralytic squint, imbalanced gait, slurred speech
for 2 weeks, abnormal brain magnetic resonance imaging (MRI), and
three hypopigmented macules on the trunk (Figure 1b). Subsequently,
his condition acutely deteriorated with progressive encephalopathy,
impaired consciousness, peripheral hypotonia, bilateral facial palsy
and weakness, and bulbar palsy. The patient was the product of a full-
term normal vaginal delivery with a birth weight of 3,120 g, a length
of 50 cm, and a head circumference of 33 cm. Apgar score was 9 at
1 min and 10 at 5 min. His parents are first cousins, and he has a
younger brother B-2 who is apparently healthy and developing nor-
mally. There is a positive family history of hypopigmentation in a few
family members.

Initial investigations included an electroencephalogram (EEG) that
showed slow background but no specific epileptic findings and an ini-
tial metabolic screen that revealed normal lactate, ammonia, and
amino acids. All testing for bacterial and viral pathogens, as well as
immunological workup and cerebrospinal fluid (CSF) analysis, were
negative. Urine organic acids and CSF neurotransmitters were also
normal. A repeated brain MRI showed bilateral symmetrical basal
ganglia high signal with adjacent cortical and subcortical involvement.
A provisional diagnosis of biotin-thiamine-responsive basal ganglia
disease was then proposed, and the patient was started empirically on
biotin and thiamine. However, there was no improvement, and molec-
ular genetic testing of the SLC19A3 gene was negative. He was also
started on methylprednisolone because of the initial concern about a
possible immune disorder. CES was performed and showed a homozy-
gous pathogenic variant p.R82C in the RAB27A gene. Interestingly, his
asymptomatic brother B-2 was also found to be homozygous for the
same RAB27A pathogenic variant. B-1 underwent HSCT without sig-
nificant complications. He has no neurological complications post-
transplant. B-2 underwent preemptive HSCT. It was paternally
derived bone marrow transplant with subsequent graft failure and
poor engraftment. Thereafter, he received two DLI (Donor lympho-

cyte infusion). However, he remained neurologically stable.

413 | FamilyC

The index patient C-1 is a 7-year-old male with a seizure disorder,
global developmental delay, white matter abnormalities, and fair skin
and hair compared to his parents and siblings (Figure 1c). Fetal life
was complicated by gestational diabetes, intrauterine growth restric-
tion (IUGR), oligohydramnios, and positive group B streptococcus. The
patient was the product of a cesarean section for fetal distress with a
birth weight of 2,200 g, a length of 46 cm, and a head circumference
of 31 cm (all parameters at the 10th percentile). He was admitted to

medical genetics Bl WILEY_L27

the neonatal intensive care unit (NICU) for 4 days for suspected sep-
sis, resolving thrombocytopenia and hyperbilirubinemia, and a brief
jerky movement of the left upper limb. He was re-admitted at the age
of 10 days with a history of abnormal jerky movements of the left
upper and lower limbs associated with facial twisting, and he was
treated with phenobarbitone. His parents are first cousins, he has a
younger sister with right hemiparesis and MRI finding of leukodystro-
phy, and he has a paternal uncle with intellectual disability.

On physical exam, there was spasticity with scissoring gait, brisk
reflexes, and sustained clonus. Besides, three hypopigmented macules
were noted. The patient had an extensive workup including lactate,
ammonia, plasma amino acids, urine organic acids, urine for purines
and pyrimidines, congenital disorders of glycosylation (CDG) and per-
oxisomal studies, and chromosomal microarray analysis, which were
all normal. Brain MRI revealed significant interval resolution of
intraparenchymal hemorrhage with residual hemosiderin deposition in
the right high parietal and left occipital lobes, diffuse white matter vol-
ume loss with periventricular and centrum semi-ovale representing
hypoxic/ischemic changes, diffuse thinning of the corpus callosum,
and mild dilatation of ventricular system. Magnetic resonance spec-
troscopy showed a lactate peak and areas of mildly elevated choline.
CES was done and revealed a homozygous pathogenic variant p.R82C
in the RAB27A gene.

414 | FamilyD

The index patient D-4 is a 19-year-old male with no previous remark-
able medical history diagnosed with primary immunodeficiency with
NK cell dysfunction at the age of 16 years (Figure 1d). His parents are
consanguineous, and there is an extensive family history of primary
immunodeficiency and HLH. His sibling, D-5, is a 17-year-old male
diagnosed with primary immunodeficiency with NK dysfunction at the
age of 14 years. Two older siblings D-2 and D-3 were diagnosed with
familial HLH and passed away at the ages of 11 and 12 years,
respectively.

D-2 presented at the age of 10 years with acute encephalitis,
neutropenia, and thrombocytopenia. At the age of 11 years, he devel-
oped a progressive course of pancytopenia, multiple intracranial hem-
orrhagic lesions, intractable seizures, demyelinating sensorimotor
neuropathy, and viral infection. He died of HLH.

D-3 presented at the age of 9 years with lateral gaze nystagmus,
ataxic gait, generalized hypotonia, bilateral tremors, and head
titubation with abnormal brain MRI. Three café au lait spots (1 x 1 cm
each) were noted on her right leg during the physical exam. She later
developed a viral infection and died of HLH.

The mother D-1 was also diagnosed with HLH with a prior
Epstein-Barr virus (EBV) infection and died at the age of 39 years.

CES performed on this family revealed that D-1, D-3, D-4, and
D-5 are homozygous for a pathogenic variant p.R82C in the RAB27A
gene. D-1 was diagnosed with GS2 postmortem using previously ban-
ked DNA. The father and the three remaining siblings were found to
be heterozygous for the familial pathogenic RAB27A variant p.R82C in
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the gene and remain asymptomatic. This family was previously publi-
shed (Netter et al., 2016).

415 | FamilyE

The index patient E-1 is a 22-year-old male with no previous remark-
able medical history. He has no significant family history besides con-
sanguineous parents (Figure 1e). He was admitted with generalized
weakness, night sweats, and weight loss of 15 kg in 6 months. On
examination, he was found to have small palpable lymph nodes. Labo-
ratory investigations showed pancytopenia and a picture of dissemi-
nated intravascular coagulopathy (DIC). Pan computed tomography
(CT) revealed sub-centimetric cervical lymph node, intra-abdominal
enlarged lymph nodes, and hepatosplenomegaly. Bone marrow exami-
nation suggested hypercellular with trilineage hemopoiesis and atypi-
cal lymphoid infiltrate. The patient traveled abroad and lost follow-up.
Four months later, he was admitted to the intensive care unit (ICU)
with a decreased level of consciousness. MRI of the brain showed
demyelination features, and lumbar puncture (LP) was unremarkable.
A second bone marrow exam showed a picture of significant
hemophagocytic activity in addition to increasing triglyceride and fer-
ritin levels, which led to a diagnosis of HLH. He was started on HLH
protocol; however, pancytopenia worsened daily with a picture of
DIC and multiple organ failure. He was kept on supportive transfu-
sions until he died at the age of 22 years. CES was performed and rev-
ealed a homozygous pathogenic variant p.R82C in the RAB27A gene.

41.6 | FamilyF

The index patient F-1 is a six-year-old male (Figure 1f). He was the
product of a full-term normal vaginal delivery with a birth weight of
3,000 g. He was admitted to the NICU for 1 week after birth due to
fever to rule out sepsis. At the age of 2 months, he started to have
eczema. Recurrent cough and breathing difficulties led to a diagnosis
of reactive airway disease (RAD) with findings on chest X-ray. At the
age of 12 months, he was admitted to the pediatric intensive care unit
(PICU) due to fever, respiratory distress, abdominal distention,
decreased activity, and decreased oral intake. He was found to have
bronchiolitis due to respiratory syncytial virus (RSV) and past infection
with both EBV and cytomegalovirus (CMV). Neck ultrasound (US) and
abdomen US revealed generalized lymphadenopathy, significant
hepatosplenomegaly, and umbilical hernia. He was evaluated by dif-
ferent specialties to rule out various etiologies for his symptoms, but
no final diagnosis was reached. An immunological workup at the age
of 18 months showed neutropenia and immune dysregulation with
elevated IgE, IgA, and IgG in the context of recurrent infections, which
led to the suspicion of primary immunodeficiency.

CES was performed and revealed a homozygous pathogenic vari-
ant p.R82C in the RAB27A gene, consistent with a diagnosis of auto-
somal recessive GS2. His parents are first cousins and heterozygous
carriers of the familial RAB27A p.R82C variant.

At the age of 28 months, F-1 had an allogeneic bone marrow
transplant (BMT) from a fully matched sister. There were no signifi-
cant neurological complications post-transplant. He was then diag-
nosed with scaphocephaly at the age of 5 years. Currently, he has
normal developmental milestones. He is in a generally fair condition

with mild eczema, mild astigmatism, and allergic rhinitis.

4.2 | Clinical stratifications

421 | Demographics

Data were collected from six families labeled from A to F. Clinical details
of the patients selected from these families are mentioned in a separate
section in this report. Among the 12 individuals identified, five belonged
to one family (family D). The gender distribution was unequal, with eight
males (66%). While the age at presentation ranged from less than 1 year
to 21 years with a median of 9.5 years of age, we found the age at diag-
nosis to differ significantly, ranging from 3 to 42 years with a median of
11.5 years of age. Consanguinity was present in 100% of the patients. All
families were found to belong to the same Qatari tribe. There was a posi-
tive family history for 10 out of 12 (83%) patients (Table 1).

4.2.2 | Clinical findings and outcomes

The most common clinical manifestations found in patients were the

cutaneous ones that were identified in 5 out of 12 patients (42%):

TABLE 1 Summary of demographic and clinical characteristics of
the 12 Qatari patients with GS2
Variable N=12
Male: Female 2:1
Consanguinity (n, %) 12 (100%)
Family history (n, %) 10 (83.3%)

Clinical features
9.5(1.75-15.5)
11.5(4.7-21.25)

Presentation age in years median (IQR)?

Diagnosis age in years median (IQR)?

Neurological presentations (n, %) 4 (33%)

Cutaneous manifestations (n, %) 5 (42%)
Diagnostic features

Immunological abnormalities (n, %) 3(25%)

Viral infections/viremia (n, %) 5(42%)

Brain MRI abnormalities (n, %) 4 (33.3%)

Molecular (RAB27A c.244C > T) variant (n, %) 11 (91.6%)

Treatment/outcome
HLH complication (n, %) 4 (33%)
HSCT (n, %) 3 (25%)
Alive (n, %) 1. (66.7%)

2A2 and D1 outliers.
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four out of five patients (80%) had albinism, and one out of five
patients (20%) had hypopigmentation. The second most frequent
manifestations were the neurological abnormalities in 4 out of
12 patients (33%), all of which had an abnormal brain MRI (100%).
Among the four patients with neurological involvement, two had sei-
zures (50%), two had strabismus (50%), two had hemiparesis (50%),
two had a developmental delay (50%), and two had an intellectual dis-
ability (50%). The most severe manifestation identified in our patients
was HLH, which was found in four individuals (33%), three of which
belong to the same family (family D). Most (75%) of the patients who
had HLH had a viral infection before HLH: one had EBV, and two had
CMV. The immunodeficiency was also found in three patients (25%),
two of which belong to one family (family D). A total of two patients
(16%) were completely asymptomatic. Three patients (25%) under-
went HSCT. Out of 12 patients, four (33%) died, and eight (66%)
remained alive. The cause of death among the four deceased patients
was deemed HLH, which provides evidence for the fatality of this
complication of GS2 (Table 2).

4.3 | Molecular findings

CES on families A to F revealed the same homozygous pathogenic
variant p.R82C in exon 4 in the RAB27A gene (NM_004580.4). The p.
R82C variant is a non-conservative amino acid substitution, which is
likely to impact secondary protein structure as these residues differ in
polarity, charge, size, and/or other properties. This substitution occurs
at a position that is conserved across species. In silico analysis, which
includes protein predictors and evolutionary conservation, supports a
deleterious effect. Published functional studies demonstrate the
RAB27A p.R82C variant impairs NK cell-mediated cytotoxicity and
impairs the functional activity of the Rab27a protein (Netter
et al., 2016).

To prove the founder effect of R82C in the Qatari families, com-
mon haplotype analysis on this variant was conducted as described by
Burns et al. (2018). The largest shared runs of homozygosity was
hgl9 chr15:55497988-55,881,111 (383,123 bp), which equals
0.180 cM (sex-averaged). Remembering that a cM is defined as the
distance for which the expected average number of intervening chro-
mosomal crossovers in a single generation is 0.01, this works out to
the mutation having occurred approximately 555 generations ago
(at 25 years/generation that means ~14,000 years ago). Variants for
analysis were limited to single-nucleotide polymorphisms with read
depth >10x and genotype qualities (GQ) > 30.

5 | DISCUSSION

GS2 is a rare autosomal recessive disorder caused by pathogenic vari-
ants in the RAB27A gene and manifested with partial albinism and
immunodeficiency, with or without neurological and hematological
involvement. In this case series, we report 12 patients with GS2 from

six Qatari families with extreme intrafamilial and interfamilial
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phenotypic variability despite harboring the same pathogenic variant
p.R82C in the RAB27A gene. How this clinical variability occurs is
unclear; however, modifier genes or epigenetics may be contributing.
The analysis of our patients' data highlights the broad spectrum of
clinical presentations in terms of age of onset, speed of disease pro-
gression, the extent of involvement of different systems, and life
expectancy. The phenotype of GS2 ranges from asymptomatic
healthy individuals to patients with isolated dermatosis and cutaneous
manifestations, to patients with more severe neurological and immu-
nological complications, including fatal HLH.

In this case series, all patients (100%) belonged to highly consan-
guineous families, similar to patients with GS2 reported in the litera-
ture from the Middle East, and reflective of the unique Middle
Eastern culture characterized by a high consanguinity rate. In this case
series, we identified a recurring pathogenic variant p.R82C in the
RAB27A gene across all 12 patients who belong to the same tribe,
suggesting the p.R82C variant is a founder pathogenic variant in this
Qatari tribe. Supporting evidence using haplotype analysis on this var-
iant revealed that this variant has occurred approximately 555 genera-
tions ago (at 25 years/generation that means ~14,000 years ago)
suggesting that p.R82C is an ancient and founder variant in our popu-
lation. Knowing that the reported tribe extends to neighboring coun-
tries, the founder RAB27A pathogenic variant p.R82C might be a
recurring founder variant in the Gulf region.

There is a significant gap in the literature in regards to genotype-
phenotype correlations in GS2 and the presence of founder effect,
specifically in the Middle East. The majority of previously reported
Middle Eastern patients with GS2 were from consanguineous families.
They presented with partial albinism and irregularly distributed small
and large clumps of melanin pigment found by light microscopy exam-
ination of the hair shaft. Patients developed fever, organomegaly,
immunodeficiency, neurological complications, and HLH as part of
their accelerated phase. In contrast, a few others were reported to
develop neurological deterioration without bone marrow evidence of
hemophagocytosis. Types of reported pathogenic variants include
missense, nonsense, and frameshift pathogenic variants (Aksu et al.,
2003; Ashrafi et al., 2006; Harfi et al., 1992; Mamishi et al., 2008;
Masri et al.,, 2008; Mishra et al., 2014; Ohbayashi et al., 2010; Pat-
iroglu et al., 2016; Shamsian et al., 2010). Three of the 35 patients
reported by Al-Mofareh et al. (2020) had the same RAB27A patho-
genic variant p.R82C as our patients. Jin et al. (2018) also reported
the same RAB27A variant. More details on the previously reported
GS2 genotypes and phenotypes are illustrated in the supplementary
Table S1.

In this case series, we reported neurological manifestations during
the disease in 33% of patients compared to 46% among patients with
GS2 reported in the reviewed literature, highlighting the importance
of considering GS2 in patients presenting with progressive neurologi-
cal impairment. In GS2, neurological symptoms could be primary when
occurring in the absence of immunodeficiency, and likely related to
the defective Rab27a protein (Panigrahi et al., 2015). Alternatively,
neurological abnormalities could be secondary to cellular infiltration

of the nervous system when HLH develops (Marsh, 2018). There are
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no extensive studies delineating the rate or age at diagnosis of pri-
mary neurological abnormalities. Moreover, there is a gap in the medi-
cal literature regarding studies that examine the association between
the specific type of pathogenic variant in GS2 and the occurrence of
different types of primary abnormalities. These two facts could be
attributed to the rarity of GS2, a disease where most publications con-
sist of case reports of one to two patients or small cohorts (Al-Ahmari
et al., 2010; Bindu et al., 2015; Meeths et al., 2010; Rajyalakshmi &
Chakrapani, 2016; Sarper et al., 2002). The presentation of progres-
sive unexplainable neurological diseases such as seizures, strabismus,
nystagmus, hemiparesis, developmental delay, or intellectual disability
in children who were previously healthy should raise suspicion of
GS2, regardless of the simultaneous presence of cutaneous or immu-
nological abnormalities. Considering GS2 as a primary differential
diagnosis in such cases would enable early detection, prompt initiation
of appropriate and effective treatment, and avoid the fatal outcome
of HLH.

Although we reported a lower frequency of HLH (33%) in our
patients compared to previously reported cases (71%), it is still crucial
to consider and suspect GS2 in the above-described pediatric group
given the high fatality rate of HLH and the limited availability of HSCT
that can improve overall survival. In this case series, almost half of the
patients had a viral infection, mainly EBV, and three out of four
patients with fatal HLH complications (75%) had a viral infection, 50%
of which were EBV-related. HLH-related EBV infection is the most
common viral infection in children (Kogawa et al., 2014). Although the
pre-transplant viral infection was documented in 42% of our patients,
HLH was noticeably less frequent than previously described.
Kuskonmaz et al. (2017) studied 10 children with GS2 who received
HSCT and reported EBV infection in all of them. A plausible explana-
tion for this difference might be related to the pathogenic RAB27A
variant p.R82C conferring less susceptibility to EBV infections.

Although partial albinism or hypopigmentation is still consid-
ered a characteristic feature of GS2 (Cetica et al., 2015; Netter
et al., 2016; Tesi et al., 2018), the p.R82C variant is known to pre-
sent only with cytotoxic defect, sparing pigmentary dilution (Netter
et al., 2016). Therefore, it was predicted that all of the affected
patients should have normal pigmentation; however, 4 out of
12 patients in this series had partial albinism. It is unclear how the p.
R82C variant is causing pigmentary dilution in some patients while
retaining it in others. It is suggested that the presence of modifier
genes or epigenetic factors may explain the pigmentary dilution in
the four patients in our cohort.

In this case series, we have observed a significant gap of 2 years
(median) between the age at presentation and the age at diagnosis.
This delay in diagnosis poses a real challenge and could be attributed
to the type of clinical features the patients presented with. The major-
ity of patients did not have cutaneous pigmentary changes, and their
primary neurological symptoms were related to the disease itself
rather than HLH. The delay in diagnosis maybe even longer than
2 years in practice. However, this was not reflected by our study,
where several patients were diagnosed shortly after their clinical pre-
sentation due to the high diagnostic yield of CES and our previous
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knowledge of GS2 in our patient population, notably in a specific
Qatari tribe.

This study provides evidence that CES is a valuable diagnostic
tool for evaluating conditions with broad phenotypic variability such
as GS2, which can present as late as the fifth decade of life, therefore,
limiting the diagnostic odyssey. It is thus recommended that the
RAB27A gene to be added to the list of genes, which secondary (inci-
dental) findings should be reported as recommended by the American
College of Medical Genetics (ACMG). Furthermore, the study high-
lights the importance of testing apparently asymptomatic family mem-
bers especially in the absence of pigment dilution who may be
homozygous for a pathogenic variant and at risk of disease. These
individuals could then be monitored for signs and symptoms of GS2
that may develop throughout their life and be considered for prophy-
lactic interventions such as HSCT. Targeted testing of asymptomatic
family members who are in the reproductive age is also essential to
accurately assess the risk of GS2 in their offspring and to provide
genetic counseling and guidance regarding available reproductive
options.

6 | CONCLUSIONS

In conclusion, all of the patients with GS2 in our cohort were homozy-
gous for the same founder pathogenic variant p.R82C in the RAB27A
gene; albeit striking phenotypic variability was noted among them.
We recommend that GS2 should be considered in the differential
diagnosis of acutely deteriorating patients with immune dysregulation,
HLH, or CNS involvement, especially among consanguineous Qatari
families, to shorten the diagnostic odyssey, guide early and appropri-
ate treatment, and prevent possible fatal outcomes. We also recom-
mend targeted testing of this founder RAB27A variant p.R82C in the
identified Qatari tribes to identify asymptomatic carriers and asymp-
tomatic homozygotes who may benefit from preventative measures
and genetic counseling in the premarital, preconceptional, or prenatal

period.
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