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Developmental nail disorders are heterogeneous group of genodermatosis, with
nonsyndromic congenital nail disorder (NDNC) being a rare subgroup inherited in
autosomal dominant or autosomal recessive pattern. These are classified into ten different
types (NDNC1-10), which are described in OMIM.1 The genes described for isolated nail
disorders include PLCD1 (MIM 602142), RSPO4 (MIM 610573), FZD6 (MIM 603409),
COL7A1 (MIM 120120), HPGD (MIM 601688) and SLCO2A1 (MIM 601460). In
Addition, two other loci for NDNC have been mapped on chromosome 17p13 and 17¢g25.1-
17925.3.1.2

In the present study we have investigated a five-generation consanguineous Pakistani family
with multiple affected individuals, segregating fingernail dysplasia in autosomal recessive
manner (Fig. 1a). Nail features were observed at birth. Age of affected members ranged
from 15 to 27 years at the time of the study. All the affected members showed severe form of
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onychodystrophy. Digits had a bulbous appearance with mild erythema and swelling of the
proximal and lateral nail folds. The nail bed was hyperkeratotic and the nail plate was
thickened and highly dystrophic probably due to diffuse crumbling. Complete destruction of
the nail plate was observed in the digits (Fig. 1b—f). Toe nails were normal. Severity of the
disease phenotypes was varied among the affected individuals. No defect in other
ectodermal structures was noted in affected individuals.

The study was approved by Institutional Review Boards of Quaid-i-Azam University (QAU)
Islamabad, Pakistan and Baylor College of Medicine and Affiliated Hospitals, Houston,
Texas, USA. Informed written consent for the study, including presentation of photographs
for publication, was obtained from affected individuals and their legal guardian.

After exclusion of the known candidate genes (FZD6, PLCD1, RSPO4), genome wide
autozygosity mapping was carried out using 580 short tandem repeat (STR) polymorphic
microsatellite markers on DNA samples of four affected (V-1, V-2, V-4, V-5) and one
unaffected (V-7) individual. Affected individuals showed homozygosity for five
microsatellite markers including D5S2863 (5¢35.2), D10S549 (10¢g21.1), D10S522
(10g21.3), D13S1493 (13g13.1-g13.2) and D18S454 (18g12.3). Upon genotyping all family
members (I111-1, 1V-1, V-1, V-2, V-3, V-4, V-5, V-6, V-7) for these markers, only markers
D10S549 and D10S522 co-segregated with the nail disorder. Additional genotyping within
the region was performed using a total of 26 microsatellite markers. Twenty-three out of
twenty-six markers were informative and considered for analysis. Markers analysis revealed
an extended autozygous region of 22.34 Mb on chromosome 10q11.23-g22.1, with a
maximum two point LOD score of 3.14 (6=0) and maximum multiple LOD score of 4.09
(Supplementary Table 1). We then carried out whole exome sequencing using a DNA sample
from affected individual V-1 (Fig. 1a). Exome sequencing was performed as described by
Shah et al. (2016a).3 From the exome data of individual, we identified only nine
homozygous exonic variants (Supplementary Table 2) that were pathogenic, and had minor
allele frequency (MAF) <0.01 in South Asian alleles from the Exome Aggregation
Consortium (ExXAC) database. Of these, only the variant ¢.92G>T (p.Arg31Leu) in
SLC25A16 gene lies within the linkage region. The variant is heterozygous in EXAC with
South Asian MAF=0.00012. The variant is predicted to be deleterious by PolyPhen-2,
CADD, SIFT, Mutationtaster2, and MutationAssessor. Sanger sequencing validated co-
segregation of the variant (c.92G>T) with the disease phenotype in the entire family (Fig.

1g-i).

The SLC25A16 gene contains nine exons encoding 332 amino acids of the protein, which
includes three tandem repeat mitochondrial transporter domains. Previously, mutations in
other transporter genes have been associated with various forms of genodermatoses,
including mutations in: (1) SLCOZA1 that cause primary hypertrophic osteoarthropathy
with digital clubbing and pachydermoperiostitis; (2) SLC6A19leading to Hartnup disorder
which includes light-sensitive skin rash; (3) SLC2A10that result in arterial tortuosity
syndrome, including cutis laxa and skin telangiectasias/contractures; and (4) SLC17A5
causing infantile sialic acid storage disease which may include hypopigmented skin and fair
hair.3-6
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Solute carrier proteins comprise a large family of more than 300 membrane-bound proteins
that enable the transport of a wide array of substrates across biological membranes. These
proteins are involved in a wide range of physiological processes including uptake and
absorbance of metabolites, nutrients, drugs and xenobiotics.” The SLC25 family of
transporters is the largest of solute carriers and consists of 53 members that are mostly
associated with transport in mitochondria (mitochondrial carrier family) while few members
of the family are located in other cell organelles such as peroxisomes, chloroplasts and
mitosomes.8 SLC25A16 is localized in the inner mitochondrial membrane and mediates the
carriage and exchange of molecular particles between cytosol and mitochondrial matrix.
Yeast mitochondrial carrier protein LEU5 has 35% sequence homology with human
SLC25A16. Studies on LEU5-deficient yeast strain have shown impaired mitochondrial
coenzyme A (CoA level), while the cytosol containing CoA retains its normal activity.
Moreover, the mutant strains were not able to produce alpha-isopropylmalate (IPM) due to
entrapped IPM synthase inside mitochondria.®

In mitochondria Acetyl-CoA synthesis occurs either by beta-oxidation of fatty acids or
direct linkage of CoA to acetate. Acetyl-CoA is transported to cytosol from mitochondria
through citrate transport system. In cytosol acetyl-CoA is used in biosynthesis of lipids.
Lipids are an essential part of nails in addition to keratins, water and minerals. Among the
key lipids present in nails are ceramides, triglycerides, sterol and squalene; and free fatty
acids.10 In nails lipids exist both in the intracellular and extracellular parts. The intracellular
lipids provide pliability to nails while the extracellular lipids act as glue and hold the cells
together in nail plate. It is highly likely that the variant, identified in the present study, might
perturb CoA transport and alternately lipid biosynthesis resulting in nail phenotypes.

The substantial difference in the severity of the phenotypes, among affected individuals,
suggest that other factors such as heterogeneity in genetic background, modifier genes or
environmental factors might have played a role. Our findings and the evident extreme rarity
of the SLC25A1 ¢.92G>T variant support causality of this variant for autosomal recessive
form of isolated fingernail dysplasia. However, due to the non-availability of other families
with similar phenotypes, further characterization of the gene to validate its contribution to
the phenotypes was not possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
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(a) Pedigree of consanguineous five-generation Pakistani family with autosomal recessive
pure fingernail dysplasia. (b—f) Clinical features of patients with pure finger-nail dysplasia

phenotypes. (b) Severe hyperkeratotic thickening of nail plate, nail bed and swelling of

fingers is seen in individual V-1; (c) Keratotic lesions of the index, middle and ring fingers
in the right hand and keratotic left fingernails and normal left thumb in individual V-2; (d)
Severe onychodystrophy with hyperkeratosis, mild erythema and swelling in Patient V-4; (e)

Patient V-5 with thickened dystrophic nail plate and hyperkeratotic nail bed; (f) Patient
has severe destruction of nail plate and nail bed. (g—i) Sanger sequencing analysis of
SLC25A16 gene in the study kindred. (g) The homozygous mutant allele in affected
individual (V-1, V-2, V-4, V-5, V-6); (h) heterozygous SLC25A16¢.92G>T mutant and
wild-type alleles in carriers (111-1, 1V-1, V-3); (i) homozygous normal allele in normal

V-6

individual (V-7). (j) Comparison of partial amino acid sequence of human SLC25A16 across
different species. The missense mutation (p.Arg31Leu) affecting conserved arginine residue

in human SLC25A16 is indicated by an arrow.

Br J Dermatol. Author manuscript; available in PMC 2018 February 15.



	References
	Fig 1

