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Introduction

Griscelli Syndrome Type 2 (GS2) is a rare autosomal recessive
disease characterized by organ granulomas, central nervous system
inflammation, hemophagocytic lymphohistiocytosis (HLH) and
partial albinism. Patients have immune dysregulation secondary
to dysfunctions in natural killer (NK) cell and T cell cytotoxicity as
a result of poor vesicular transport [1-2]. Typically, patients also
have abnormal skin and hair pigmentation from accumulation of
melanosome clumps in hair shafts and melanocytes. Homozygous
or compound heterozygous pathogenic variants in RAB27A are
associated with GS2. However, patients with atypical GS2 harbor
a structural rearrangement in RAB27A not detected by typical
genetic sequencing [3]. We present two cases of atypical GS2 (below
and in supplement) characterized by systemic granulomatosis,
neuroinflammation and normal skin and hair pigment, secondary
to a structural variant (SV) in RAB27A and a second pathogenic
sequence variant on the other allele of the gene.

Patient Case

Our patient (patient 1) is a previously healthy Caucasian
female of distant Lithuanian descent who presented at age 13 with
pneumonia requiring [V antibiotics and supplemental oxygen.
Despite antibiotics, her respiratory status worsened. She was unable
to wean from oxygen until the addition of high-dose corticosteroids.
Extensive infectious workup was negative. Immunology workup
revealed mild hypogammaglobulinemia, persistent lymphopenia
and mild neutropenia. Biopsy of a skin nodule showed non-specific
mild perivascular and interstitial dermatitis. Bone Marrow biopsy
showed a hypo-cellular marrow with progressive multi-lineage
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hematopoiesis, but no evidence of leukemia. Nodular opacities
were visualized on Chest CT. Of interest, the lung biopsy portrayed
intra-alveolar macrophages and extensive non-necrotizing intra-
alveolar granulomas, concerning for interstitial lung disease (ILD).

After discharge, she re-presented with dyspnea despite
continued steroids. Intravenous Immunoglobulin (IVIG) and
mycophenolate (a steroid-sparing agent) were started for
suspected GLILD (granulomatous lymphocytic interstitial lung
disease) and steroids were decreased. However, attempts to further
wean steroids led to reoccurrence of hypoxia and skin nodules. The
disease course was further complicated by an episode of aphasia,
unilateral loss of peripheral vision and severe headache. Brain MRI
revealed numerous subcortical, cerebral white matter and basal
ganglia lesions concerning for an inflammatory or demyelinating
process. Due to concerns for relapse, Mycophenolate was switched
to Azathioprine and Rituximab, standard treatment for GLILD.
Around this time, singleton WES resulted in multiple variants
of uncertain significance (VUS), including a heterozygous likely
pathogenic variant in RAB27A (c.259G>C, p. Ala87Pro). She was
not diagnosed with Griscelli Syndrome because of the normal
skin pigmentation and lack of a second pathogenic variant in the
RAB27A gene.

Her disease continued to progress. She developed left-
hand tingling, fever, elevation of liver enzymes, neutropenia
and thrombocytopenia with worsening nodular opacities on
chest X-ray. Azathioprine was held for concern for drug fever.
Cytopenias and elevated LFTs improved with increasing steroids,
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and Mycophenolate was restarted for possible better disease
control. Yet after 4 weeks on Mycophenolate, episodes of confusion
developed and nodular skin lesions worsened. The confusion
was attributed to seizures based on Brain MRI results showing
acute diffusion restriction in the left temporal lobe and insula,
and she began antiepileptic therapy. In the following 6 months,
the patient developed asymptomatic anterior uveitis of the eye,
retinal granulomas and vasculitis. Prolonged steroid use caused
significant side effects including insulin resistance, short stature,
central obesity and mild compression fractures. She switched from
Rituximab to Infliximab to Abatacept for immune suppression; all
failed to gain disease control. Seizures worsened with attempts
to wean steroids. Labs became significant for low CD107a (NK
cell degranulation) and elevated serum neopterin (62 nmol/L,
Reference range: <10.0 nmol/L), despite the normal soluble IL-2
receptor. Therefore, evaluation for a RAB27A SV was conducted via
a multiplex ligation-dependent probe amplification (MLPA) assay

using 10 probes in coding and non-coding regions of RAB27A

and the nearby PIGB gene (Table 1). A complex duplication-
inversion SV was found in the 5 untranslated region (5'UTR) of
RAB27A and confirmed by Sanger sequencing. The SV was classified
as pathogenic. This, in conjunction with the likely pathogenic
RAB27A variant found on WES, resulted in the diagnosis of atypical
GS2. Parental genetic testing revealed the variants were inherited
in trans. After diagnosis, she was switched from Mycophenolate
to Cyclosporine for immune modulation, and Abatacept was
discontinued after a 3-month trial. Despite changes in therapy, the
neuroinflammation worsened and neopterin levels (76.3 nmol/L)
were found elevated in the CSF. Given this progression, she started
anti-interferon gamma therapy (Emapalumab; a cytokine therapy)
as a bridge to stem cell transplant to reduce inflammation and
control disease progression. While on this medication, the CSF
neopterin levels declined and repeat MRI was stable. Stem cell
transplant was completed. Unfortunately, the patient (Patient 2)
did not survive complications from the post-transplant period
(Figure 1).

. ™
Multiplex ligation-dependent probe amplification
To target the RAB27A structural variant described by Tesi et al [3], custom MLPA probes were designed that were compatible with control
probes validated for normalization of copy number variant detection. Genomic coordinates of regions targeted by MLPA probes are listed in
Table 1. The MLPA procedure was carried out according to the manufacturer’s instructions (MRC-Holland, Amsterdam, The Netherlands).
PCR products were separated on an ABI3130 Genetic Analyzer and analyzed with GeneMarker version 2.7.0 software.
Identification of structural variant breakpoints
To confirm the presence of the structural variant, the primers described by Tesi et al [3] were used to PCR amplify and Sanger
sequence the breakpoints of the allele with the inverted duplication: forward 5' CAACAGTTATGCGGCTCTCA-3" and reverse
5-TGCGTGCAGACTGGATAAAG-3". Products were separated on an ABI3130 Genetic Analyzer and were analyzed with Mutation Survey or
version 5.1.2 software.
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Table 1: Data for Table.
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Medication Dosing:

Mycophenolate mofetil: 500 mg PO BID

IVIG: 0.5 g/kg/dose Q4 weeks

Azathioprine: 50 mg daily

Rituxomab: 375 mg/m2/dose IV weekly

Infliximab: 5 mg/kg/dose Q3-4 weeks

Abatacept: 10 mg/kg/dose Q4 weeks

Cyclosporine: 100 mg PO BID (titrate to goal)
Emapalumab: weekly doses of 50 — 330 mg doses IV
Steroid dosing varied throughout her course of illness
Figure 1: Patient 1 Timeline (age in years).
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Discussion

The RAB27A gene encodes the Rab27a protein and is
important for vesicle transport and docking in a variety of cell
types (platelets, leukocytes and melanocytes). Variants in RAB27A
lead to GS2, resulting in an immune dysregulatory phenotype with
increased susceptibility to infection, cytopenias, HLH, neurologic
involvement and complete to partial albinism [2]. Lack of pigment
and immunodeficiency in GS2 are linked as both result from a
dysfunction in secretory vesicles, a component essential for the
proper functioning of cytotoxic T lymphocytes, natural killer cells
and melanocytes.

Unlike the variants in RAB27A associated with typical GS2,
RAB27A structural variants associated with atypical GS2 are not
easily detected. The SV found in the 5’ untranslated region (5'UTR)
of RAB27A in our patients was previously reported by Tesi et al.,
in 5 children from 5 unrelated families of the Baltic Sea population
who had characteristic findings of GS2 (immune dysregulation,
including neuroinflammation, skin granulomas, and late-onset
HLH) but the atypical finding of normal skin and hair pigment [3]. In
these families, heterozygous carriers of the SV were not affected by
disease, though those homozygous or compound heterozygous for
the SV and a separate pathogenic RAB27A variant were affected by

atypical GS2 [4]. Expression studies in a homozygous carrier of the
SV, using RNA from peripheral blood mononuclear cells, provided
evidence that the inverted duplication interrupts the transcription
start site of the longest RAB27A transcript (NM_183235.2) [5]. This
transcript is the predominant RAB27A isoform in lymphocytes
but is expressed to a lesser extent in melanocytes, according to
FANTOM CAGE data and expression studies in melanocytes from
control individuals [6].

The custom designed targeted MLPA assay used to detect the
SV in RAB27A was key to the diagnosis in these patients (Table 1).
Typical next-generation sequencing (NGS) based assays are unable
to detect the SV as non-coding regions of the genes are not routinely
sequenced in panel testing or WES studies. Without the MLPA
analysis, it would have been challenging to recognize that these
patients had atypical GS2, due to lack of pigment abnormalities and
also differences in age of presentation and variability in HLH as a
predominant feature. Patients who present with skin granulomas,
neurologic involvement, concern for HLH and ancestry in the Baltic
Sea region should be evaluated for structural RAB27A variants,
even with the absence of pigment abnormalities. If a RAB27A
variant is found on NGS and phenotypic features of GS2 are present,
a MLPA assay is necessary to evaluate for this SV. This case outlines
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the importance of early diagnosis in atypical GS2, reiterates the
usefulness of targeted genetic testing for early diagnosis and offers

a playbook of therapeutic options, including both the success and
failures of targeted therapies.
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Medication dosing

IVIG: 2g/kg/dose IV

Infliximab: 7 mg/kg/dose IV Q4 weeks
Anakinra: 27 mg Q6H SQ

ATG (Antithymocyte globulin): 67 mg IV
Emapalumab: 1 mg/kg/dose IV

Etoposide: 150 mg/m2/dose IV (monthly on second round of therapy with Etoposide)
Cyclosporine: 30 mg PO every 12 hours (except for a period of time when family elected to stop therapy)
Steroid dosing varied throughout his course of illness.

Figure 1: Patient 2 Timeline (age in years).
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Table 1: MLPA probes used in this study.

A RAB27A_probel g?ﬁ_zg &g’ggf 46) chr15:55497754-55497825
B RAB27A_probe3 '}ﬁi{ﬁﬁi@ggi} chr15:55547679-55547738
B RAB27A_probe4 fzﬁfﬂ‘éggg’z; chr15:55547936-55547992
c RAB27A_probe5 &Aﬁ_zgoﬁggffg chr15:55570331-55570375
c RAB27A_probe6 &Aﬁ_zgoiégifg chr15:55571460-55571507
D RAB27A_probe? &Ahf_zoﬁgggg chr15:55582900-55582950
D RAB27A_probe8 &Al\f_zgoﬁg;gg chr15:55583078-55583131
E RAB27A_probe9 (gﬁiiﬁg‘;‘;_i) chr15:55612335-55612403
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PIGB exon 4
E RAB27A_probel0 (NM_004855.4) chr15:55619819-55619884

PIGB intron 10
F PIGB_probell (NM_004855.4) chr15:55646670-55646744
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