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1 | INTRODUCTION

Hypotrichosis with juvenile macular dystrophy (HIMD,
OMIM #601553) is a rare form of an autosomal recessive
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Abstract

Background: Hypotrichosis with juvenile macular dystrophy (HIMD) is a rare au-
tosomal recessive inherited disorder caused by biallelic variants in the CDH3 gene
encoding P-cadherin. Here, we report two Japanese sibling patients with HIMD.
Methods: Whole-exome sequencing (WES) was performed to identify disease-
causing variants. In addition, ophthalmic and dermatological examinations were per-
formed to classify the phenotype of each patient.

Results: The WES analysis revealed novel compound heterozygous CDH3 variants
[c.123_129dupAGGCGCG (p.Glud4fsX26) and c.2280+1G>T] in both patients;
the unaffected, nonconsanguineous parents each exhibited one of the variants. Both
patients showed the same clinical findings. Ophthalmologically, they exhibited pro-
gressive loss of visual acuity and chorioretinal macular atrophy, as examined with
fundoscopy, fundus autofluorescence imaging, and optical coherence tomography.
Full-field electroretinography, assessing generalized retinal function, revealed nearly
normal amplitudes of both rod- and cone-mediated responses. Multifocal electroreti-
nography, reflecting macular function, showed extremely decreased responses in the
central area, corresponding to the chorioretinal atrophy. Dermatological examination
revealed diffuse thinning of the scalp hair, which was sparse and fragile.
Conclusion: This is the first report of Japanese patients with HIMD and novel
compound heterozygous truncating variants in CDH3. Our findings can expand the
knowledge and understanding of CDH3-related HIMD, which could be helpful to

ophthalmologists and dermatologists.

KEYWORDS
CDH3, electroretinography, hypotrichosis, Japanese, macular dystrophy, retina

multi-organ disorder, first described in 1935 (Wagner, 1935).
The Cadherin 3 gene (CDH3, OMIM *114021), encod-
ing P-cadherin, was first reported to cause HIMD in 2001
(Sprecher et al., 2001) and was subsequently shown to be
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linked with its closely associated phenotypes, ectoder-
mal dysplasia, ectrodactyly, and macular dystrophy (EEM
syndrome, OMIM # 225280) in 2005 (Kjaer et al., 2005).
P-cadherin plays an important role in cell-to-cell adhesion
(Angst et al., 2001; Shapiro & Weis, 2009); it is expressed
at the cell-to-cell border of retinal pigment epithelium (RPE)
cells in the human retina (Xu et al., 2002; Yang et al., 2018)
and in the hair follicle placode during mouse hair develop-
ment (Shimomura et al., 2008). Patients with HIMD exhibit
hair abnormalities, including short and sparse scalp hair, and
progressive macular atrophy (Hull et al., 2016; Indelman
et al., 2002; Leibu et al., 2006).

The CDH3 gene is located on the long arm of chromo-
some 16 (16q22) and has 16 coding exons that span a ge-
nomic region of approximately 55 kilobase pairs. To date,
35 pathogenic variants of CDH3 have been reported in the
Human Gene Mutation Database (HGMD Professional as
of January 2020; http://www.hgmd.cf.ac.uk/ac/index.php).
Most cases are found in the Middle-Eastern population, in-
cluding in Israeli, Turkish, Arab, and Pakistani populations,
while some cases have been found in North American and
European populations (Hull et al., 2016; Indelman et al.,
2003, 2007; Karti et al., 2017). However, to date, CDH3-
related HHIMD/EEM syndrome has not been reported in the
Japanese and East Asian populations. Here, we encountered
two siblings/patients with HIMD in a single Japanese family.
The purpose of this study was to describe the clinical and
genetic features of these patients with HIMD and biallelic
CDH3 variants.

2 | MATERIALS AND METHODS

2.1 | Molecular genetic analysis

The Institutional Review Boards of The Jikei University
(approval no. 24-231 6997) and Nippon Medical School
Chiba Hokusoh Hospital (approval no. 27-04) approved
the study protocol. The protocol adhered to the tenets of
the Declaration of Helsinki, and informed consent was
obtained from both the siblings and their unaffected, non-
consanguineous parents. Genomic DNA was extracted from
the leucocytes of all the participants, and whole-exome
sequencing (WES) and targeted sequence analyses were
performed according to the previously described methods
(Katagiri et al., 2013, 2014). All single nucleotide variants
(SNVs) and insertions/deletions (INDELs) among the 271
genes registered on the RetNet (https://sph.uth.edu/retnet/),
a database of genes causing inherited retinal diseases, were
filtered according to allele frequency (less than 0.1%) of the
East Asian population in 1000 genome database. CDH3 was
the only gene in which two heterozygous variants were iden-
tified. The allelic frequency of the variants was estimated

in reference to three databases; the Genome Aggregation
Database (gnomAD) (http://gnomad.broadinstitute.org), the
Human Genetic Variation Database (HGVD) (http://www.
hgvd.genome.med.kyoto-u.ac.jp), and Japanese Multi Omics
Reference Panel (jMorp) (https://jmorp.megabank.tohoku.
ac.jp/202001/). The CDH3 variants were confirmed by direct
sequencing of all family members. The following primer sets
for exons 2 and 15 were used: exon 2 forward primer 5'-
AGGTTTGCTGGCTGCAGTGC -3’ and reverse primer 5'-
GGTCCACACCAAAATGGTCA -3’, and exon 15 forward
primer 5'- CCCATGAGCCAGAGTATCCA -3’ and reverse
primer 5'- ACTCCAGGCCCATGCTTGTT -3'. We used the
transcript (NM_001793.6) and genomic (NG_009096.1) se-
quences of CDH3.

3 | RESULTS

3.1 | Clinical findings

A 22-year-old female proband (patient II-2, JU#1166 in
Figure 1a) was referred to The Jikei University Hospital for
decreased visual acuity in both eyes (BE). She exhibited a
tendency to lose hair easily, and reported congenital absence
of scalp hair lasting until early childhood, and decreased
visual acuity at 17 years of age. At presentation, her deci-
mal best-corrected visual acuity (BCVA) was 0.8 (Snellen
equivalent, 20/25) with —3.50 diopters (D) in the right eye
(RE) and 0.8 with —2.50 D in the left eye (LE). Slit-lamp
examination showed no remarkable findings in anterior seg-
ments and media. Horizontal optical coherence tomography
(OCT) (Cirrus HD-OCT; Carl Zeiss Meditec AG, Dublin,
CA, USA) showed extensive atrophy of the retina, RPE, and
choroid, relatively sparing the fovea, in which the ellipsoid
zone (EZ) was preserved (Figure 2a). Outer retinal tubula-
tion secondary to outer retinal damage and focal choroidal
excavation were observed in the LE (Figure 2a). Fundoscopy
revealed symmetrical chorioretinal atrophy within the vascu-
lar arcade in BE (Figure 2b), while fundus autofluorescence
imaging (FAI) (Spectralis HRA; Heidelberg Engineering,
Heidelberg, Germany) showed loss of autofluorescence,
corresponding to the chorioretinal atrophy, and slight hyper-
autofluorescence around the area of autofluorescence loss
(Figure 2¢). Goldmann perimetry (GP) showed central scoto-
mas (10° to 20°) with the I-4e stimulus and normal peripheral
visual fields in BE (Figure 3a). Full-field electroretinography
(FF-ERG) to assess generalized retinal function was per-
formed in accordance with the protocols of the International
Society for Clinical Electrophysiology of Vision (McCulloch
et al., 2015). The procedure and conditions followed have
been previously reported (Kutsuma et al., 2019; Takeuchi
et al., 2010). FF-ERG indicated that the amplitudes of dark-
adapted rod ERG (stimulation, 0.01 cd-s-m_2) and combined
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Pedigree chart and genetic and electroretinographic findings. (a) The pedigree of a Japanese family with hypotrichosis with

juvenile macular dystrophy. Partial nucleotide sequences of the CDH3 gene showing the ¢.123_129dupAGGCGCG (b) and ¢.2280+1G>T (c)
variants. The top electropherograms are from a control and the bottom electropherograms are from the patients (II-1/11-2) (b,c). (d) Full-field
electroretinography (ERG) of a control, patient II-1 at 30 years old, and patient II-2 at 22 years old. (e) Multifocal ERG of a control and patient I1-2

at 22 years old

rod-cone ERG (stimulation, 3.0 cd-s-m_z) were normal when
compared with those of our age-matched controls (Kutsuma
et al., 2019), whereas the amplitudes of light-adapted cone
ERG (stimulation, 3.0 cd~s‘m_2; background, 30 cd-m_z)
and 30-Hz flicker ERG (stimulation, 3.0 cd's-m_z; back-
ground, 30 cd-m_z) were in the lower limit compared with
those of the age-matched controls (Figure 1d). Multifocal

ERG (VERIS Science; Electro-Diagnostic Imaging, Inc.
Redwood City, CA, USA), reflecting macular function,
showed extremely decreased responses in central areas, but
normal responses outside the central areas in BE (Figure le).
Dermatological examination revealed diffuse thinning of the
scalp hair, which was sparse and fragile. At 26 years old,
her BCVA was 0.2 (Snellen equivalent, 20/100) in RE and
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FIGURE 2 Optical coherence tomography and fundus and fundus autofluorescence images. (a) Optical coherence tomography (OCT) of
patient II-2 at 22 years old. White arrows indicate outer retinal tubulation and the black arrow shows the focal choroidal excavation. Fundus (b) and
fundus autofluorescence imaging (FAI) (c) images of patient II-2 at 24 years old. Ultra-widefield fundus (d), FAI (e), and OCT (f) images of patient
I1-2 at 26 years old. Fundus (g), FAI (h), and OCT (i) images of patient II-1 at 30 years old. Ultra-widefield fundus (j) and FAI (k) at 30 years old.
(1) OCT of patient II-1 at 34 years old

0.7 (Snellen equivalent, 20/29) in LE; ultra-widefield fun- was preserved (Figure 2d,e). GP showed that central scoto-
doscopy and FAI (Optos Panoramic 200MA; Optos PLC, mas, with the V-4e stimulus, progressively worsened in BE
Dunfermline, UK) revealed that the chorioretinal atrophy (Figure 3b). Moreover, OCT indicated that the foveal thick-
was limited to the posterior pole, and the peripheral retina ness was thinner than that at initial examination (Figure 2f).
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FIGURE 3 Goldmann visual field testing. (a) Patient II-2 at 22 years old and (b) 26 years old. (c) Patient II-1 at 30 years old and (d) 34 years

old

A 30-year-old elder brother (patient II-1, JU#1185) was
also referred to The Jikei University Hospital. He reported
decreased visual acuity at 20 years of age and congenital
loss of scalp hair lasting into early childhood. At presenta-
tion, his BCVA was 0.1 (Snellen equivalent, 20/200) with

—3.75 D in RE and 0.8 with —2.00 D in LE. Slit-lamp ex-
amination showed no remarkable findings. Moreover, the
findings of fundoscopy (Figure 2g), FAI (Figure 2h), hor-
izontal OCT images (Figure 2i), ultra-widefield fundos-
copy and FAI (Figure 2j.k), GP (Figure 3c), and FF-ERG
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(Figure 1d) were essentially very similar to those of patient
II-2. At 34 years old, his BCVA was 0.07 (Snellen equiv-
alent, 20/286) in RE and 0.5 (Snellen equivalent, 20/40)
in LE. Chorioretinal atrophy had not apparently progressed
after the initial fundoscopy, GP (Figure 3d), and horizontal
OCT (Figure 21). Further, like his sibling, he also exhib-
ited diffuse thinning of the scalp hair, which were sparse
and fragile, as evaluated by dermatological examination.
Neither patient exhibited any limb malformation, confirm-
ing the diagnosis of HIMD.

3.2 | Molecular genetic findings

The WES analyses of patient II-1 revealed compound het-
erozygous variants c¢.123_129dupAGGCGCG [GRCh37/
hg19chr16-68679623-AGGCGCG (7 bp)] and ¢.2280+1G>T
(GRCh37/hg19chr16-68729827) in CDH3, and were con-
firmed by Sanger sequencing (Figure 1b,c). The frameshift
variant ¢.123_129dupAGGCGCG in exon 2 leads to a pre-
mature termination codon (p.Glud44fsTer26) (Figure 1b),
whereas the splice site variant ¢.2280+1G>T at the donor
site of exon 15 can affect the splicing of exon 15 (Figure
1c). Neither variants were found in the HGMD, HGVD, and
jMorp databases. Further, patient II-2 also exhibited these com-
pound heterozygous variants (Figure la). Each variant was
found to co-segregate with the disease in this family (Figure
1a). According to the American College of Medical Genetics
standards (Richards et al., 2015), ¢.123_129dupAGGCGCG
(p-Glud4 ArgfsTer26) was classified as pathogenic based on
the following criteria: PSV [Null variant (frame-shift) affect-
ing CDH3, which is a known cause of the disease], PM2 (The
variant was not found in GnomAD exomes), PM3 (The vari-
ant was detected in trans configuration for an autosomal reces-
sive disorder). PP4 (Patient's phenotype was highly specific
for CDH3-related HIMD); and ¢.2280+1G>T was classified
as pathogenic based on the following criteria: PSV [Null vari-
ant (within +2 splice sites) affecting CDH3, which is a known
cause of disease], PM2 [The variant was found at extremely
low frequency in GnomAD exomes; the allele frequency was
0.00003 (1/31,398 alleles)], PM3, PP3 (Pathogenic computa-
tional verdict because there were four pathogenic predictions
from DANN, EIGEN, FATHMM-MKL, and MutationTaster
vs. no benign predictions), and PP4. Both pathogenic variants
were predicted to cause protein truncation.

4 | DISCUSSION

In this report, we described the clinical and genetic findings
in two Japanese patients with HIMD. We identified com-
pound heterozygous variants in CDH3 (p.Glu44ArgfsTer26

and ¢.2280+1G>T), both of which are novel. This report is
the first of a Japanese family with CDH3-related HIMD.

Biallelic CDH3 variants have been reported to cause two
different phenotypes: HHMD and EEM syndrome (Basel-
Vanagaite et al., 2010; Hull et al., 2016). However, both phe-
notypes are considered to be in the same clinical spectrum
of the CDH3-related syndrome. Moreover, no genotype—
phenotype correlation has been reported regardless of the
variant types and/or positions in CDH3. In fact, some variants,
such as ¢.830delG (p.Gly277AlafsTer20) and c.160+1G>A,
are causative for phenotypes of HHMD and EEM syndrome
(Hull et al., 2016; Indelman et al., 2003; Kjaer et al., 2005).
Therefore, other modifier gene variants and/or environmental
factors might modulate the phenotypes.

Abnormal ophthalmic and dermatologic findings of
CDH3-related HIMD and EEM syndrome are common in
most cases; for example, progressive chorioretinal atrophy in
the posterior pole and preserved peripheral retina and hypo-
trichosis (Hull et al., 2016; Karti et al., 2017; Leibu et al.,
2006; Singh et al., 2016; Vicente et al., 2017), which is con-
sistent with our findings (Figure 2). In terms of disease pro-
gression, a 9-year follow-up observation of an 18-year-old
HIMD patient revealed normal FF-ERG responses, but de-
creased responses in pattern ERG assessing macular function
(Hull et al., 2016). For our patients, the FF-ERG demon-
strated close to normal amplitudes (Figure 1d); however, fol-
low-up examination showed progressively decreased visual
acuity. Furthermore, multifocal ERG showed that the abnor-
mal responses were confined to the central areas (Figure le),
corresponding to the chorioretinal atrophic lesions. These
and other findings demonstrating the normal peripheral vi-
sual fields of both patients (Figure 3) indicate that the retinal
function outside the chorioretinal macular atrophy is normal.
Furthermore, P-cadherin is expressed in the RPE, and not the
photoreceptors; therefore, the decreased central responses
(Figure le) due to loss of photoreceptors may be secondary
to P-cadherin dysfunction caused by biallelic CDH3 variants.
Further follow-up of the patients will be needed to evaluate
if peripheral retinal function and visual fields are preserved.

In conclusion, we report the first two Japanese patients
with HIMD and novel compound heterozygous variants in
CDH3. Our findings can expand the knowledge and under-
standing of CDH3-related genotype—phenotype correlations.
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