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A B S T R A C T

Purpose: We describe a unique case of CDH3-related hypotrichosis with juvenile macular dystrophy (HJMD) and
DNAH5-related primary ciliary dyskinesia (PCD) with progressive vision loss in a young Indian female without
positive family history. Both mutations in this patient have not been previously described in the literature.
Observations: An 11-year-old girl of Indian descent from a consanguineous family presented to our clinic with
poor central visual acuity, recurrent sinopulmonary infections, hypotrichosis, and gradual hearing loss. Fundus
examination was significant for atrophic retinal pigmented epithelial (RPE) changes involving both the macula
and periphery of both eyes with central foveal hypoautofluorescence. Optical coherence tomography (OCT)
demonstrated RPE loss and significant disruption of the ellipsoid layer in both eyes. Full-field electrophysiology
tests on initial presentation demonstrated low cone amplitude reduced to< 70% of normal range without
prolongation. OCT angiography of the RPE and choriocapillaris demonstrated possible flow voids in the central
macular region of both eyes. Genetic testing showed that the proband was homozygous for variants CDH3
c.1660A > C; p. Thr554Pro and DNAH5 c.6688-1G>T.
Conclusion: and Importance: We report two novel variants in the CDH3 and DNAH5 genes that are important for
future mutational analysis of both HJMD and PCD respectively. A relationship between the cadherin protein
dysfunction in CDH3 mutations and the ciliopathy of DNAH5 mutations has not been established. HJMD is
known to cause a longitudinal deterioration of cone and rod mediated function, therefore recognizing the
symptoms, visual impairment, physical examination, and photographic and electrophysiological findings is
crucial in counseling the patient, the family, and fellow clinicians.

1. Introduction

Hypotrichosis with juvenile macular dystrophy (HJMD; OMIM
601553) is a rare condition that is characterized by impaired hair
growth and retinal degeneration due to a mutation in the CDH3 gene
(OMIM 114021). This gene encodes for an integral protein, P-cadherin,
responsible for cell-cell adhesion and is highly expressed in the devel-
opment of hair follicle matrix as well as the retinal pigmented epithe-
lium (RPE). CDH3 mutations also cause ectodermal dysplasia, ec-
trodactyly and macular dystrophy (EEM; OMIM 225280), which leads
to degenerative RPE changes as well as limb defects. Though there is a
wide range of phenotypic expressions associated with mutant CDH3, no
association with symptoms of ciliary dyskinesia or sinopulmonary

dysfunction has been reported.
In this case report, we present a young patient with vision loss as-

sociated with HJMD as well as primary ciliary dyskinesia (PCD) asso-
ciated with a mutation in the DNAH5 gene (MIM 603335) resulting in
recurrent sinopulmonary infections and conductive hearing loss. This
patient was identified to be homozygous for both CDH3 and DNAH5
mutations. To the best of our knowledge, this is the first case of retinal
degeneration in a patient diagnosed with both HJMD and PCD de-
scribed in the literature.

1.1. Case report

An 11-year-old Indian female was referred to the ophthalmology

https://doi.org/10.1016/j.ajoc.2019.100486
Received 16 February 2019; Received in revised form 21 May 2019; Accepted 2 June 2019

∗ Corresponding author. Bascom Palmer Eye Institute 900 NW 17th Avenue, Miami, FL, 33136, USA.
E-mail address: kcf34@miami.edu (K.C. Fan).

American Journal of Ophthalmology Case Reports 15 (2019) 100486

Available online 05 June 2019
2451-9936/ Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/24519936
https://www.elsevier.com/locate/ajoc
https://doi.org/10.1016/j.ajoc.2019.100486
http://omim.org/entry/601553
http://omim.org/entry/114021
http://omim.org/entry/225280
http://omim.org/entry/603335
https://doi.org/10.1016/j.ajoc.2019.100486
mailto:kcf34@miami.edu
https://doi.org/10.1016/j.ajoc.2019.100486
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajoc.2019.100486&domain=pdf


clinic for evaluation of gradually worsening vision. She was born full-
term via normal spontaneous vaginal delivery. There were no compli-
cations with pregnancy or developmental delays. Her medical history
was unremarkable until age 9, when she developed recurrent, severe
episodes of bronchiectasis, chronic pansinusitis, and hypotrichosis of
the scalp (Fig. 1) along with gradual vision loss.

Her immediate and extended family history was otherwise un-
remarkable except for parental consanguinity (first cousins, both of
Indian origin). Her older sister was reportedly healthy. Her prior
medical work-up included two negative sweat tests, positive skin tests
for multiple environmental allergies, and negative immune work-up (B
and T cell, immunoglobulin, and vaccine abnormalities). She was also
diagnosed with conductive hearing loss of 30 dB in both right and left
ears (range 250–8000 Hz) and demonstrated a low level of fraction of
exhaled nitric oxide at 88.9 parts per billion on spirometry (predicted
range 200–1000). The patient's home medications included albuterol
and fluticasone inhalers.

On examination, the patient presented with visual acuities of 20/
100 OD and 20/150 OS with normal intraocular pressures. Anterior
segment slit lamp examination was unremarkable in both eyes. Fundus
examination was significant for atrophic RPE changes involving both
macula and periphery of both eyes (Fig. 2A). Fundus autofluorescence
was consistent with central foveal hypoautofluorescence surrounded by
faint hyperautofluorescence, more significant in the right eye than the
left (Fig. 2B). OCT demonstrated RPE loss and significant disruption of
the ellipsoid layer in both eyes (Fig. 2C). Full-field electrophysiology
tests on initial presentation demonstrated low cone amplitude reduced
to< 70% of normal range without prolongation (Fig. 3A).

To reveal a genetic etiology, a chromosomal SNP-based microarray
and whole exome sequencing were performed in CLIA-certified diag-
nostic genetic laboratories. Chromosome microarray revealed no pa-
thogenic copy number variants but showed multiple segments of
homozygosity, confirming parental consanguinity. Whole exome se-
quencing showed that the proband was homozygous for two variants in
CDH3 and DNAH5. The CDH3 variant (c.1660A > C, p. Thr554Pro) is
a missense change that has not been reported in patients with EEM or
HJMD. It is not present in over 120,000 individuals on the Broad
Institute Genome Aggregation Database.1 While in silico prediction
tools give inconsistent results for its impact on protein, a change from
threonine to proline is likely to impact the secondary protein structure.
The variant is located at chr16:68721504 (Hg19). The SNP array shows
a homozygous run at 16q21q24.3(62,750,519–90,163,275), suggesting
that the variant maps to an autozygous segment in the proband's

genome. Thus, given the proband's clinical presentation, we concluded
that the p. Thr554Pro variant was causative of her retinal and dermal
phenotypes. The DNAH5 variant (c.6688-1G>T) destroys a canonical
splice site and interpreted as pathogenic to cause primary ciliary dys-
kinesia (PCD). This variant (chr5:13820608; Hg19) too maps to an
autozygous genomic region at 5p15.32p13.3 (5,615,381–29,031,363).
No other pathogenic or likely pathogenic variant was found in whole
exome sequencing. While recommended, parents were not tested for the
identified variants.

Four years after initial presentation, the patient returned for follow-
up with visual acuities of 20/80 OD and 20/200 OS. Imaging was re-
peated demonstrating slightly worse atrophic RPE changes in both eyes
on fundus photos (Fig. 4A). A repeat fundus autofluorescence demon-
strated slightly increased macular hypoautofluorescence with involve-
ment of the nasal retinal in both eyes (Fig. 3B). Repeat OCT showed
mild progression of ellipsoid zone loss of both eyes (Fig. 4C). An ERG
was also repeated showing a similar decrease in cone-response stable
compared to prior (Fig. 3B). OCT angiography was obtained that de-
monstrated possible flow voids of the choriocapillaris in the central
macula of both eyes (Fig. 5).

2. Discussion

Mutations in the CDH3 gene cause EEM or HJMD.2–4 Prior in-
vestigations have established that there is no genotype-phenotype
correlation for either EEM or HJMD; the same mutation has been found
to cause both diseases in varying phenotypic severity.3–6 Approximately
50 cases of HJMD have been reported in the literature worldwide. Since
the first discovery of the role of CDH3 in HJMD in 2001,2 31 variants
have been identified (HGMD Professional Database; accessed on 2/8/
2019).3 Our patient's variant is novel.

In our patient, though there was no family history, the constellation
of her symptoms (hypotrichosis of the scalp, macular dystrophy, and
lack of limb deformities) were phenotypically consistent with HJMD
and have been described before.7 Additionally, degenerative changes in
retinal and RPE architecture were similar to most reported cases. Like
the case series by Hull et al. fundus autofluorescence demonstrated
classic symmetric RPE atrophy of the posterior pole with a surrounding
ring of hyperautofluorescence along with disruption of ellipsoid layer
and RPE loss on OCT in both eyes (Fig. 4).8 This is the first report of
HJMD to illustrate OCT angiography findings. Although no normative
database of OCT angiography exists for pediatric patients, there appears
to be patchy flow voids of the choriocapillaris in both eyes (Fig. 5B and

Fig. 1. External photographs of the patient with hypotrichosis as illustrated by the thin and short hair with patchy areas of loss.
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D). Our ERG findings corroborated prior assertions by Leibu et al. that
HJMD resembles more of a cone-rod dystrophy on electrophysiology.6

Our patient was also found to have an unrelated DNAH5 mutation
that has not been previously described, associated with a clinical pre-
sentation consistent with PCD, a genetic disorder affecting 1 in 16,000
individuals.9 While PCD is a heterogenous condition, involvement of
the DNAH5 gene is the most common causative mutation, comprising
15–49% of known PCD mutations.10–12 This patient demonstrated
chronic ciliary dysfunction resulting in recurrent sinopulmonary
symptoms, bronchiectasis, gradual hearing loss, and low levels of ex-
haled nitric oxide on spirometry that were consistent with PCD.9 The
ciliary dysfunction in PCD is a result of defective outer dynein arms
(ODA), resulting in malfunction of ciliary and flagellar beating.13 Fifty
percent of PCD patients are diagnosed with Kartagener syndrome,

classified as ciliary dyskinesia with the triad of sinusitis, bronchiectasis,
and situs inversus.9,14,15

A growing body of evidence continues to explore the role of ciliary
dysfunction in photoreceptors and the RPE.9,15–19 Some studies have
discovered that disrupting key genes in ciliary function in mouse
models results in severe RPE maturation defects, leading to diseases
such as Joubert syndrome.18 Others have found that mutations in the
retinitis pigmentosa 1 (RP1) gene result in faulty connecting cilium of
photoreceptors, ultimately causing photoreceptor axoneme instability
and cell death.17,20 Several recent clinical reports have also begun to
link ciliary dysfunction to retinal degeneration. One such case found
PCD and RP in two young males with mutations in the X-linked RPGR
gene.9 Another report describes early onset RPE atrophy in a patient
with Kartagener syndrome.15 In a study of patients with Usher

Fig. 2. Fundus photography, fundus autofluorescence, and optical coherence tomography (OCT) of the right and left eyes. A) Color photographs disclose diffuse
atrophy of the retinal pigmented epithelium (RPE) affecting the posterior pole. B) Fundus autofluorescence with symmetric macular hypoautofluorescence corre-
sponding to areas of RPE atrophy. C) OCT demonstrating symmetric disruption of the ellipsoid layer and atrophy of the RPE. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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syndrome type 2, photoreceptor axonemes demonstrated an abnormal
number of microtubules affecting ciliary function.21 Other research on
individuals with RP established that abnormal microtubule organiza-
tion was present in motile cilia of airway cells and sperm flagella.22,23

In the present case, the role of ciliary dysfunction in the degenera-
tion of the retina and RPE is unclear as no functional interaction be-
tween the DNAH5 and CDH3 genes has ever been established and the
concurrent mutations have never been reported in a single individual.
The chance of having two very rare and unrelated autosomal recessive
diseases is increased in children of consanguineous parents. In our case,
both mutations map to autozygous genomic segments on different
chromosomes, suggesting that there was a common ancestor(s) who
was carrier for the two variants. It is possible that the ciliary dyskinesia
played a role in our patient's early presentation or more advanced vi-
sion loss as compared to other HJMD cases. Interestingly, in a case
reported in 2017, two separate heterozygous mutations of ABCA4 and
CDH3 were implicated in causing a rare presentation of HJMD.24 Our
patient is different since both mutations were homozygous and known
causes of unique diseases.2,12 However, the relationship between
DNAH5 and CDH3 cannot be ignored in our patient's pathogenic ma-
culopathy, and further investigation is required.

3. Conclusion

Several findings of this case report are unique. This is the first

instance of two previously undescribed mutations: CDH3 c.1660A > C
and DNAH5 c.6688-1G>T.8,25 Additionally, this the first report of OCT
angiography in a patient with HJMD. Our patient's vision loss in con-
junction with progressive sinopulmonary disease led to the diagnosis of
two separate diseases, one with known retinal degeneration and the
other without any prior reported association with vision loss. The re-
lationship between the cadherin protein dysfunction in CDH3mutations
and the ciliopathy of DNAH5 mutations causing progressive retinal and
RPE atrophy has not been studied before and should be investigated in
the future. Additionally, this specific patient had no family history of
HJMD or PCD and presented at a relatively early age of 11 years old
with below average visual acuity impairment compared to other re-
ported cases.6 HJMD is known to cause a longitudinal deterioration of
cone and rod mediated function,5,6,8 therefore recognizing the symp-
toms, visual impairment, physical examination, and photographic and
electrophysiological findings is crucial in counseling the patient, the
family, and fellow clinicians.

Patient consent

The patient's legal guardian consented to the publication of this case
report in orally and writing.

Fig. 3. Electrophysiology testing. A) Standard rod, cone, and combined ERG demonstrating reduced cone amplitude to<70% of normal range without prolongation.
B) Stable ERG findings four years later as compared to the patient's baseline study.
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Fig. 4. Four-year follow-up fundus photo-
graphy, fundus autofluorescence, and optical
coherence tomography (OCT) of the right and
left eyes. A) Color photographs demonstrating
stable, diffuse atrophy of the retinal pigmented
epithelium (RPE) affecting the posterior pole. B)
Widefield fundus autofluorescence with sym-
metrically increased macular hypoauto-
fluorescence and additional visualization of
nasal hypoautofluorescence corresponding to
extramacular RPE changes. C) OCT findings of
increased disruption of the ellipsoid layer and
atrophy of the RPE in both eyes. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the Web
version of this article.)

Fig. 5. Optical coherence tomography angiography (OCTA) of the right and left eyes. Normal appearing superficial slabs (A and C) of the right and left eye.
Choriocapillaris in both right and left eyes with focal, patchy flow voids in the central macula (B and D, yellow arrow indicating area of flow voids).
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