Letter to the Editor

Whole-exome sequencing of Ethiopian pa-
tients with ichthyosis vulgaris and atopic
dermatitis

To the Editor:

Ichthyosis vulgaris (IV) is a common skin disease character-
ized by palmar hyperlinearity, excess scaling, and keratosis
pilaris. The underlying genetic cause of IV is haploinsufficiency
of the filaggrin gene (FLG) because of loss-of-function muta-
tions,' leading to early termination of profilaggrin and loss of fi-
laggrin expression. Atopic dermatitis (AD) is a common
complex inflammatory skin disorder with a high prevalence
(20%) among children of Western countries.” In Ethiopia, con-
trasting frequencies of AD have been reported, ranging from
1.2% to 19%.” AD and IV show phenotypically overlapping fea-
tures. The most significant genetic susceptibility factor to AD in
European populations is truncating loss-of-function mutations of
FLG, although with a reduced penetrance compared with IV.'
Even though few studies have been performed in African popu-
lations, we and others reported either absence or very low fre-
quency of FLG mutations, suggesting another cause for IV/
AD.*" In contrast, a recent publication by Polcari et al’ reported
FLG mutations in 22.2% of African Americans with IV/AD, but
here the possibility of genetic admixture must be taken into
account.

Given previous findings, in this study we set out to identify
other underlying genetic factors in this population.” Assuming
that IV is a monogenic disease with an effect on AD susceptibility,
we selected 22 Ethiopian patients (18 unrelated subjects and 2
parent-child pairs) manifesting both IV and AD for whole-
exome sequencing (WES). The diagnosis was based on clinical
findings done by the same dermatologist (K.D.B.), and the UK
Working Party’s diagnostic criteria were applied for AD. All pa-
tients were recruited in Gondar, Ethiopia. Their median age was 9
years (range, 1-31 years), 50% were female, and 73% had severe
AD (SCORAD score >40). All patients had keratosis pilaris,
palmar hyperlinearity, and xerosis and had negative results for
FLG mutations, as reported previously.” A larger IV/AD cohort
(n = 155) and matched control subjects (n = 192) from the
same region were included to evaluate the frequencies of 7 single
nucleotide variants (SNVs) identified in patients undergoing
WES.

TABLE I. Variants identified in EDC locus genes

WES was performed at SciLifeLab (Stockholm, Sweden).
Libraries were prepared with the SureSelect Human All Exon V4
or V5 kit (Agilent Technologies, Santa Clara, Calif) and
sequenced on the HiSeq 2000 (Illumina, San Diego, Calif) to a
minimum sequence depth of 87X. The data were analyzed with
in-house pipelines. A minor allele frequency (MAF) of 5% for
African populations was applied to the 1000 Genomes Project
(1000Goct2014) and the Exome Aggregation Consortium
(ExAC 0.2) data set to exclude common variants. Less stringent
filtering parameters were additionally applied to identify rela-
tively common nonsense variants. On average, each patient
showed 1364 (1234-1486) nonsynonymous exonic variants.
Seven SNVs were assayed by using Custom TagMan SNP
Genotyping Assays (Life Technologies, Grand Island, NY)
with a QuantStudio 7 FLEX instrument (Life Technologies).
Significance was evaluated by using the Fisher exact test (P <.05
was considered significant).

In accordance with our previous Sanger sequencing data, we
did not identify any loss-of-function mutations in FLG. The
coverage of the coding part was almost complete, with a read
depth of between 61X and 296 X.

We were particularly interested in genes clustered on chromo-
some band 1g21 (epidermal differentiation complex [EDC])
because they encode proteins that have structural and functional
similarities to filaggrin and are abundant in the upper epidermis.
We identified 3 nonsense variants in the EDC genes. Among
them, we observed FLG2 S2377X in 12 samples (10 heterozygous
and 2 homozygous samples), with a rather high MAF of 0.29 in
1000 Genomes Project African populations. It is already known
that S2377X is a very common variant, and according to HapMap
data, the MAF for T (giving the premature stop) is close to 50% in
Asian populations and 30% in those of African ancestry reported
from the United States. Alas, it is common to be a homozygous
carrier of the stop mutation in the general population, and there-
fore we find it unlikely that FLG2 variants are associated with IV/
AD. Furthermore, FLG2 variants have been tested and found not
to be associated with AD in Europe.”

We detected 2 other heterozygous nonsense SNVs in the EDC
genes TCHH (E207X) and TCHHLI (Q294X; Table I). TCHH
E207X has not been reported before. TCHHLI Q294X is a single
nucleotide polymorphism formerly reported in an African Amer-
ican AD cohort with an MAF of 0.017.° Moreover, we detected

Position MAF in MAF in ExAC dbSNP
Chromosome (hg19) Gene Nucleotide and amino acid change Type of variation 1000G (African) (African) no.
1 152085074 TCHH NM_007113:exon3:c.619G>T:p.E207X Nonsense — — —
1 152059278 TCHHLI NM_001008536:exon3:c.880C>T:p.Q294X Nonsense 0.0204 0.0160 rs61749316
1 152323132 FLG2 NM_001014342:exon3:¢c.7130C>A:p.S2377X Nonsense — — 1512568784
1 152383382 CRNN NM_016190:exon3:c.G176A:p.R5S9H Missense 0.0106 0.0056 rs145120458
1 152191822 HRNR NM_001009931:exon3:c.A2283C:p.Q761H Missense — — —
1 152191419 HRNR NM_001009931:exon3:c.C2686T:p.R896C Missense — — —
1 152190027 HRNR NM_001009931:exon3:c.C4078T:p.P1360S Missense — — —
1 152192605 HRNR NM_001009931:exon3:c.G1500C:p.Q500H Missense — — —
1 152192541 HRNR NM_001009931:exon3:c.T1564A:p.S522T Missense — — —

A complete list of genes is given in Table E1.

CRNN, Cornulin; dbSNP, Single Nucleotide Polymorphism database; ExAC, Exome Aggregation Consortium; FLG2, filaggrin family 2; /000G,

hornerin; TCHH, trichohyalin; TCHHLI, trichohyalin-like 1.

1000 Genomes Project; HRNR,
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TABLE Il. Variants identified in non-EDC locus genes
Position Type of MAFin 1000G  MAF in ExAC dbSNP
Chromosome (hg19) Gene Nucleotide and amino acid change variation (African) (African) no.
20 3654244 ADAM33 NM_001282447:exon10:c.G967T:p.E323X Nonsense — — —
18 28971048 DSG4 NM_001134453:exon7:c.G692A:p.S231IN Missense — — —
18 28968349 DSG4 NM_001134453:exon4:c.C236T:p.S79L Missense 0.0061 0.0046 rs36040686
18 28979427 DSG4 NM_001134453:exon9:c.G1198A:p.G400R Missense 0.0061 0.0045 rs35378785
17 74004853 EVPL NM_001988:exon22:c.C4433T:p.T1478M Missense — — —
17 74003539 EVPL NM_001988:exon22:¢.C5747T:p.S1916L Missense — — —
6 158613020 GTF2H5 NM_207118:exon3:c.T47G:p.M16R Missense — — —
17 5462548 NLRPI NM_001033053:exon4:c.T1468G:p.F490V Missense — — —
5 147449998 SPINKS NM_001127698:exon3:c.C194T:p.T65M Missense — — —
5 147469114 SPINK5S  NM_001127698:exon7:c.G532A:p.E178K Missense — 0.0001 —
5 147480955 SPINK5S  NM_001127698:exon14:c.A1258G:p.K420E  Missense 0.1989 0.2433 1s2303067
5 147481363 SPINK5S  NM_001127698:exon15:c.G1322A:p.R441H  Missense 0.0219 0.0243 rs34393923
5 147496004 SPINK5S  NM_001127698:exon22:c.2087_2089del: Nonframeshift 0.0219 0.0238 rs111662216
p-696_697del deletion

A complete list of genes is given in Table E2.

ADAM33, ADAM metallopeptidase domain 33; dbSNP, Single Nucleotide Polymorphism Database; DSG4, desmoglein 4; EVPL, envoplakin; ExAC, Exome Aggregation
Consortium; /000G, 1000 Genomes Project; GTF2HS5, general transcription factor IIH, polypeptide 5; NLRPI, NLR family, pyrin domain containing 1; SPINKS, serine peptidase

inhibitor, Kazal type 5.

missense variants in previously described candidate genes, such
as cornulin (CRNN) and hornulin (HRNR; Table I). In total, we de-
tected 72 variants in EDC genes (see Table El in this article’s
Online Repository at www.jacionline.org).

Next, we extended our analysis beyond the EDC locus. In total,
we found 4 stopgain variants, 12 indels, and 236 nonsynonymous
SNVs (see Table E2 in this article’s Online Repository at www.
jacionline.org). In SPINK5 we found a known missense variant,
K420E, in 8 cases (5 heterozygous and 3 homozygous cases).
SPINKS5 encodes the protein LEKTI, and 420K and 420E LEKTI
display different proteolytic activities, affecting downstream
profilaggrin processing.® Although mutations of SPINK5 cause
Netherton disease, this variant has previously been reported as a
susceptibility factor for AD in European and Japanese populations.’
However, its frequency is high in the general population (1000 Ge-
nomes Project: 0.43) and also in investigated African populations
(1000 Genomes Project African population: 0.19) and for that
reason was less likely to be important in the development of IV/AD.

We also detected novel missense variants in SPINKS (T65M
and E187K; Table II) and GTF2H5 (M16R; Table II) genes.
GTF2HS5 gene is associated with a rare autosomal recessive dis-
ease, trichothiodystrophy, characterized by ichthyotic skin and
asthma with many other clinical features. Their contribution to
the patient’s phenotype remains an interesting open question.
However, based on the present data, neither SPINK5 nor
GTF2HS5 could be considered a recurrently hit gene generally ex-
plaining the incidence of IV/AD in Ethiopia but might support a
more heterogeneous genetic susceptibility pattern of IV/AD in
African populations. More such variants in candidate genes are
listed in Table IT and Table E2.

A set of 7 SNVs was selected and tested with TagMan assays.
No significant differences in allele frequencies between cases
and control subjects were detected (see Table E3 in this
article’s Online Repository at www.jacionline.org), indicating
population-specific variation rather than disease-associated
variants.

In conclusion, we present the first study that uses WES in
Ethiopian patients with IV/AD. It is important to remember that
mutations in regulatory or noncoding regions cannot be excluded

with this method and to remember the relatively small number of
patients analyzed. However, our data suggest, as is the case with
FLG mutations in IV/AD patients of European origin, there is no
single recurrent gene, which is likely to be causative for the disease
in Ethiopian population. Instead, we revealed several rare variants
in both previously described and new candidate genes, suggesting
a heterogeneous disease pathogenesis among Ethiopian patients.

Web resources for this work include http://github.com/
dnil/etiologica,  http://mip-api.readthedocs.org,  http://www.
openbioinformatics.org/annovar/, and http://exac.broadinstitute.
org.
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TABLE E1. Variants identified in the EDC locus (chromosome 1g21.3) genes

Alter- dbSNP
No. of Reference native 100092014 100092014 accession caddgt10
cases Start End allele allele Function Exonic function Gene Amino acid change ExAC_ALL ExAC_AFR oct_all oct_afr no. (raw, scaled)
6 152383382 152383382 C T Exonic Nonsynonymous SNV CRNN CRNN:NM_016190:exon3:c.G176A:p.R59H 1.938e-03 0.0056 0.00419329 0.0106 15145120458
1 152382885 152382885 C G Exonic Nonsynonymous SNV CRNN CRNN:NM_016190:exon3:c.G673C:p.E225Q 7.888¢-04 0.0080 0.00299521 0.0091 1$35492900
1 152283820 152283822 TGG = Exonic Nonframeshift FLG FLG:NM_002016:exon3:c.3540_3542del:p.1180_

deletion 1181del
1 152283649 152283649 T C Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.A3713G:p.H1238R 8.132¢-06 0
1 152283530 152283530 T C Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.A3832G:p.R1278G 1.016e-03 0.0033 0.00199681 0.003 rs111626670
1 152276908 152276908 G A Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.C10454T:p.A3485V 7.321e-05 0.0002 0.000599042 15200036291 1.481525.10.90
1 152276159 152276159 G C Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢c.C11203G:p.Q3735E 1.220e-04 0.0014 0.000599042 0.0023 rs143135026
1 152283926 152283926 G T Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.C3436A:p.H1 146N 1.789e-04 9.454¢-05 0.000199681 0.0008
1 152283472 152283472 G T Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.C3890A:p.S1297Y 3.497e-04 0.0008 0.000599042 0.0008 5147367657
1 152279816 152279816 G C Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢c.C7546G:p.Q2516E
2 152279642 152279642 G C Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.C7720G:p.Q2574E 0.020 0.0097 0.0121805 0.0151 15149024902
1 152277449 152277449 G A Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.C9913T:p.R3305C 1.634128,11.42
2 152276671 152276671 C A Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G10691T:p.R3564L 0.033 0.0163738 0.0083 1rs7518080
1 152276144 152276144 C T Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.G11218A:p.E3740K 5.692e-05 0 0.000199681 2.244786,13.46
1 152287069 152287069 C G Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G293C:p.G98A
1 152283533 152283533 C G Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G3829C:p.E1277Q 8.213e-04 0.0014 0.00159744 0.0023 1139456266
2 152282080 152282080 C A Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G5282T:p.R1761L
1 152279896 152279896 C A Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G7466T:p.G2489V 3.497e-04 0.0008 0.000599042 0.0008 rs138270516
1 152277197 152277197 C G Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.G9565C:p.A3189P 2.188e-03 0.0094 0.00579073 0.0144 rs142839051
1 152275193 152275193 A G Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:¢.T12169C:p.Y4057H
1 152286951 152286951 A T Exonic Nonsynonymous SNV FLG FLG:NM_002016:exon3:c.T411A:p.N137K 1.626e-05 0
1 152331324 152331324 C A Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon2:c.G37T:p.D13Y 5.693e-05 0.0003 3.051947,16.19
1 152328883 152328883 G A Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:c.C1379T:p.S460L 8.132e-06 0 2.089726.12.94
1 152327404 152327404 G A Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:c.C2858T:p.S953L 1.903e-03 0.0215 0.00519169 0.0182 rs116751426
12 152323132 152323132 G T Exonic Stop gain FLG2 FLG2:NM_001014342:exon3:c.C7130A:p.S2377X 0.232 0.2706 0.316893 0.2905 rs12568784 11.361751.45
1 152326769 152326769 C A Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:¢.G3493T:p.G1165C 1.903e-03 0.0215 0.00519169 0.0182 1578418747 2.445864,14.14
2 152324239 152324239 C G Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:¢c.G6023C:p.G2008A 1.139¢-04 0.0012 0.000798722 0.003 rs140302446
2 152324032 152324032 C G Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:¢.G6230C:p.G2077A 1.626e-04 0.0017 0.000798722 0.0015 rs145838203
7 152327405 152327405 A G Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:¢.T2857C:p.S953P 1.65%¢-03 0.0052 0.00419329 0.0106 rs138718549
1 152326290 152326290 A T Exonic Nonsynonymous SNV FLG2 FLG2:NM_001014342:exon3:¢.T3972A:p.H1324Q 1.626e-05 0
1 152191822 152191822 T G Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.A2283C:p.Q761H
2 152191698 152191698 T C Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.A2407G:p.S803G 2.147e-03 0.0235 0.00738818 0.025 rs111789738
1 152191712 152191712 G T Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.C2393A:p.T798K 1.391e-03 0.0155 0.00419329 0.0144 1s77898999
1 152191419 152191419 G A Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.C2686T:p.R896C 1.220e-04 0 0.000599042
1 152193780 152193780 G T Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.C325A:p.Q109K 6.506e-05 0 1$139222671 2.006277,12.67
2 152193720 152193720 G A Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:¢c.C385T:p.HI29Y 3.253e-05 0.0002 rs148822876
1 152190027 152190027 G A Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:¢c.C4078T:p.P1360S
1 152192882 152192882 C T Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.G1223A:p.R408H 3.171e-04 0 0.000399361 1r$142030922
1 152192605 152192605 © G Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:¢.G1500C:p.Q500H 8.132e-06 0
1 152193390 152193390 C G Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exo0n3:c.G715C:p.G239R 1.789¢-04 9.452e-05 0.000199681 0.0008 rs187389918
1 152193177 152193177 © T Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.G928A:p.V310I 1.870e-04 0.0004 1s148892565
1 152192541 152192541 A T Exonic Nonsynonymous SNV HRNR HRNR:NM_001009931:exon3:c.T1564A:p.S522T
2 152883317 152883317 G T Exonic Nonsynonymous SNV VL TVL:NM_005547:exon2:¢c.G1044T:p.Q348H 1.925e-04 0.0029 0.00119808 0.0045 rs182325885 2.210168,13.35
2 152883155 152883155 G T Exonic Nonsynonymous SNV IVL IVL:NM_005547:exon2:c.G882T:p.K294N 1.481e-04 0.0029 0.00119808 0.0045 5184389068
2 152785170 152785170 G A Exonic Nonsynonymous SNV LCEIB LCE1B:NM_178349:exon1:c.G248A:p.R83H 0.025 0.0049 0.0141773 1s56056379
1 152770446 152770446 A C Exonic Nonsynonymous SNV LCEID LCEID:NM_178352:exon2:c.A176C:p.N59T
1 152770403 152770403 G A Exonic Nonsynonymous SNV LCEID LCEID:NM_178352:exon2:c.G133A:p.G45R 1.917e-03 0.0204 0.0061901 0.0227 15150172690
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