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ABSTRACT

Purpose: Recessive mutations in CDH3 cause “hypotrichosis with juvenile macular dystrophy,” typically recog-
nized by the presence of prominent dermatological features. We report novel phenotypic observations and
associated mutations in four patients from three families, including one who did not have frank hypotrichosis.
Methods: Retrospective case series (2010-2014).

Results: Four affected individuals from three consanguineous Arabian families were identified. All four subjects
(two sisters and two unrelated males; 5, 13, 17, and 26 years old) had homozygous recessive CDH3 mutations
not previously associated with the condition (c.307C>T; p.R103 in two sisters, c.1859_1862delCTCT in both
unrelated males). Symptomatic visual loss was since birth or early childhood. One male subject did not have
frank hypotrichosis, but review of symptoms revealed relatively slow hair growth and an inability to conceive
children. None had dental or digital findings, although one female noted slow nail growth. All had a
circumscribed central maculopathy with borders that did not respect posterior pole horizontal arterioles
(typically extending beyond the major arcades) and associated with polygonal pigment clumping.
Recognition of this pattern led us to suspect the diagnosis in the male without frank hypotrichosis. Retinal
dysfunction was cone-rod (rather than macular only) by ERG in one patient, who developed severe central
macular atrophy and a macular hole.

Conclusions: Ophthalmologists should consider the diagnosis of CDH3-related retinopathy in individuals with
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such clinical features whether or not there is frank hypotrichosis.

Introduction

“Hypotrichosis with juvenile macular dystrophy” is a form of
retinal dystrophy defined by early scalp hair loss and subse-
quent progressive macular dystrophy (On-line Mendelian
Inheritance in Man [MIM] #601553). The condition is caused
by recessive mutations in CDH3, encoding P-cadherin, which is
expressed in the retinal pigment epithelium and hair follicles."
Recessive CDH3 mutations also cause another syndrome, that
of ectodermal dysplasia, ectrodactyly, and macular dystrophy
(MIM #225280).> Most cases of hypotrichosis with juvenile
macular dystrophy were reported in the dermatology or genet-
ics literature and were recognized based on the presence of
dermatological features."”™'* The purpose of our study is to
further phenotype CDH3-related retinopathy by reporting phe-
notypic features of four Saudi Arabian patients from three
families harboring one of two homozygous recessive mutations
in CDH3, both of which are novel for the syndrome.

Methods

Institutional board approval was obtained for reporting this
retrospective consecutive case series (2010-2014) of children
and/or young adults referred to a pediatric ophthalmologist for
low vision, confirmed to have early childhood-onset retinal

dysfunction, and found to harbor homozygous recessive muta-
tions in CDH3. Electroretinography (ERG) was performed using
international standards.'” Families were specifically questioned
regarding any abnormalities of the hair, teeth, nails, and digits,
and these structures were inspected for abnormalities in all
affected patients. General medical history was recorded, with
specific questioning regarding the presence or absence of the
following: neurodevelopmental delay, deafness, polydactyly,
heart disease, kidney malformation, skeletal disease, and obesity.

Diagnostic genetic testing for individuals in this cohort was
either next-generation sequencing of a retinal dystrophy gene
panel using previously-described methods'* followed by con-
firmatory Sanger sequencing of CDH3 or direct Sanger
sequencing of CDH3 after we had become familiar with the
phenotype. Panel testing covered 44 genes previously asso-
ciated with retinal degeneration preferentially affecting central
regions of the retina such as macular dystrophy, cone dystro-
phy and cone-rod dystrophy (ABCA4, ACBD5, ADAMOY,
AIPLI, BESTI, CIQTNF5, C210RF2, C8ORF37, CABP4,
CACNA2D4, CDH3, CDHRI, CERKL, CNGA3, CNGB3,
CNNM4, CRX, ELOVL4, FBLN5, GUCAIA, GUCAIB,
GUCY2D, HMCNI, ITM2B, KCNV2, MERTK, PDE6C,
PITPNM3, PROMI, PRPH2, RAB28, RAX2, RDH5, RGS9,
RGS9BP, RIMSI1, RPIL1, RPGR except ORF15 RPGRIPI,
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SEMA4A, TEADI, TIMP3, UNCI119, WASF3) and 26 Leber
congenital amaurosis genes (ADAMTSIS, AIPL1, CABP4,
CEP290, CRBI1, CRX, DHX38, DTHDI1, GDF6, GUCY2D,
IMPDH1, IQCBI, KCNJ13, LCA5, LRAT, MERTK, MPDZ,
MYO7A, NMNATI, OTX2, RD3, RDHI12, RPE65, RPGRIPI,
SPATA7, TULPI) [some genes have been associated with both
disease groups and are therefore listed twice]. Bioinformatic
programs were used for evaluation of variants’ pathogenicity
as previously described."” Verification of identified variants
was carried out by polymerase chain reaction amplification of
the corresponding exon, followed by Sanger sequencing. The
reference sequence for CDH3 was NM_001793.4

Results

Four subjects from three Arabian families (two sisters,
Subjects 1 and 2, 17 and 13 years old respectively, and

Table 1. Clinical summary of subjects.

two unrelated males, Subjects 3 and 4, 5 and 26 years old
respectively) were identified (Table 1). Only Subject 1 had
panel testing followed by confirmatory CDH3 Sanger
sequencing rather than direct CDH3 Sanger sequencing
only, and she did not have any other mutations in the
candidate genes tested on the panel. All subjects were
from first-cousin marriages, had symptomatic visual loss
since birth or early childhood, and harbored one of two
recessive homozygous mutations in CDH3, both of which
are associated with hypotrichoisis with juvenile macular
dystrophy for the first time in this report: ¢.307C>T; p.
R103 in Subjects 1 and 2 (novel to this report), and
¢.1859_1862delCTCT in Subjects 3 and 4 (previously asso-
ciated with digenic hypotrichosis'®). Subject 4 did not have
frank hypotrichosis but after specific questioning he
admitted to relatively slow hair growth; in addition, review
of systems also revealed that he had been unable to conceive

Homozygous Mutation

Subject Age BCVA CYCLO RNS Visual history Additional ERG mutation reference
1 17y 3/200 -1.75 Difficulty with vision since age Scalp hypotrichosis; no Cone-rod ¢.307C>T This study

6 y old, but especially bad eyelashes; developed dystrophy p.(Arg103*¥)

since 13 y old atrophic macular hole
2 13y 20/60 —4.25 + 2.50 x 090 Difficulty with vision since Scalp hypotrichosis; slow WNL c307C>T This study

8y old nail growth p.(Arg103*)
3 55y 20/100 +1.75 Nystagmus since birth Scalp hypotrichosis WNL €.1859_1862delCTCT Digenic

hypotrichosis'®

4 26y 20/80 -0.75 Difficulty with vision since Infrequent haircuts; unable  WNL ¢.1859_1862delCTCT Digenic

childhood (unable to specify
age)

to conceive children hypotrichosis'®

BCVA: best-corrected visual acuity in either eye; CYCLO RNS: cycloplegic retinoscopy in either eye; ERG: electroretinography; WNL: within normal limits; y: years.

200 ym

Figure 1. Subject 1: In the right eye (A-D), (A) There is circumscribed retinal atrophy in the macula extending beyond the borders of the retinal arcades. In the
central macula, there is a smaller more discolored circumscribed area of atrophy that also does not respect the horizontal arterioles. Atrophy is associated with
numerous polygonal pigment clumps. (B) The nasal extent of the retinal atrophy extending beyond the borders of the retinal arcades can be appreciated. (C) There is
decreased autofluorescence signal in much of the fundus. (D) Optical coherence tomography of an oblique central macular cut (directed superonasally towards 2
o'clock) shows extensive outer retinal atrophy as well as retinal pigment epithelial atrophy. (E) After CDH3 mutations were uncovered by next-generation sequencing,
the subject was specifically questioned about hair loss and she revealed she had been wearing a wig and false eyelashes; scalp hypotrichosis can be appreciated
underneath the wig. In the left eye (F-H), (F) the dystrophic pattern is similar to that of the right eye and (G & H) optical coherence tomography reveals a macular

hole in the context of outer retinal and retinal pigment epithelial atrophy.



children (more than 5 years of trying). None had dental or
digital findings, although Subject 2 noted slow nail growth.
Their clinical features are summarized in Table 1. All had
circumscribed central macular dystrophic changes that did
not respect the horizontal arterioles, typically extended
beyond the posterior pole major arcades, and was associated

C
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with polygonal pigment clumps (see Figures 1-4, corre-
sponding to Subjects 1-4 respectively). It was this pattern
of macular dystrophic changes that made us suspect the
diagnosis in the male without frank hypotrichosis (Subject
4, Figure 4). All subjects had normal ERGs except Subject 1,
who had generalized cone-rod dystrophy and severe central

Figure 2. Subject 2: In the right eye (left eye not shown but was similar), (A) There is circumscribed retinal atrophy in the macula extending beyond the borders of
the retinal arcades. Centrally, there is a second smaller more discolored circumscribed area of atrophy that also does not respect the horizontal arterioles and is
associated with polygonal pigment clumps. (B) The nasal and (C) inferotemporal borders of the circumscribed retinal atrophy can be appreciated. (D)
Autofluorescence shows a ring of increased autofluorescence along the border of the circumscribed retinal atrophy extending beyond the borders of the retinal
arcades. Within the ring autofluorescence is decreased, and within the smaller central area of atrophy autofluorescence is markedly decreased, in a bull's-eye pattern
as is often seen in cone dystrophies.

Figure 3. Subject 3: (A) Scalp hypotrichosis is shown. (B) In the left eye (right eye not shown but was similar), vertically extending circumscribed central macular
atrophy that does not respect the horizontal arterioles can be appreciated. A polygonal pigment clump can be seen temporally. (C & D) Optical coherence
tomography shows loss of outer retinal architecture in the central macula.
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Figure 4. Subject 4: (A) Right and (B) left eyes show vertically oval central circumscribed macular atrophy that does not respect the horizontal arterioles. (C & D)
Fundus images of fluorescein angiography of the (C) right and (D) left eyes reveal right arteriovenous phase hyper- and hypo-fluorescence corresponding to the
central macular lesion and left late phase staining in the central macular lesion. (E, F) Optical coherence tomography of the right eye shows loss of outer retina in the

central macula.

macular atrophy that included a macular hole in her left eye
(Figure 1).

Discussion

All four subjects with homozygous recessive CDH3 mutations
in our series had similar circumscribed dystrophic changes
that were centered in the central macula with borders which
did not respect horizontal arterioles, often extended beyond
the arcades of the posterior pole, and were associated with
polygonal pigment clumps; one of the four subjects did not
have frank hypotrichosis. This pattern of circumscribed dys-
trophy seems recurrent for CDH3 mutations and thus should
raise suspicion for the mutations in the gene whether or not
frank hypotrichosis is present. Other clinical findings noted
for the first time in this series are macular hole formation and
potential male infertility.

Central cone photoreceptor dystrophy can be isolated or in
the context of systemic disease. Isolated cone and cone-rod
dystrophies can be dominant (e.g. mutations in genes such as

CRX or GUCY2D), recessive (e.g. mutations in genes such as
ABCA4 or KCNV2), or X-linked (e.g. mutations in RPGR).Y
Cone and cone-rod dystrophies in the setting of systemic
disease are rarer and include Jalili syndrome (MIM
#217080), spinocerebellar ataxia type 7 (MIM #609270),
Alstrom syndrome (MIM #203800), some forms of Bardet-
Biedl syndrome,'” and hypotrichosis with juvenile macular
dystrophy. Age of onset and rapidity of progression are vari-
able for both non-syndromic and syndromic forms. Typical
early retinal findings are macular atrophy or bull’s-eye macu-
lopathy. When such changes are circumscribed in a bull’s-eye
pattern, they tend to respect the horizontal arterioles. Later,
more widespread changes occur such as more peripheral
retinal pigment epithelial atrophy, retinal pigmentary changes,
and arteriolar attenuation. While there can be considerable
phenotypic overlap among these different causes of cone and
cone-rod dystrophies, the large circumscribed central macular
involvement without respect for the horizontal arterioles in
hypotrichosis with juvenile macular dystrophy seems recur-
rent; thus, this specific diagnosis should be considered when a
patient has this particular fundus appearance. However,



probably a more common cause for such a fundus appearance
is severe ABCA4-related disease (from null mutations).

At least 19 families have been reported with a genetically-
confirmed diagnosis of hypotrichosis with juvenile macular
dystrophy (Table 2)."*'* Affected patients were bi-allellic for
one (homozygous cases) or two (compound heterozygous
cases) of 11 recessive CDH3 mutations (17 families with
homozygous mutations,"” >’~"* two families with compound
heterozygous mutations®). Few reports include ophthalmic
details or retinal images; those that do show findings consis-
tent with what we describe here. Two are reports from the
ophthalmic literature, a retrospective cohort study'® of pre-
viously-reported families' and a case report.'” The retrospec-
tive cohort study'® was an electroretinographic review of 16
known Israeli Arab patients' harboring one of two homozy-
gous recessive mutations. The authors of that report con-
cluded that despite the name associated with the genotype
(“hypotrichosis with juvenile macular dystrophy”), CDH3-
related retinal dystrophy could be a cone-rod rather than a
macular dystrophy, consistent with our observation of gener-
alized retinal dystrophy in one of our four subjects. The case
report'” was of a 48-year-old adult (ethnicity not documen-
ted) with hypotrichosis, cone-rod dystrophy, and a deletion in
CDH3. More recently, a case report of a 6-year-old boy
(ethnicity not documented) with hypotrichoisis and macular
dystrophy was published although without results of CDH3
mutation analysis.'” However, retinal photographs were
included in that report, and findings were similar to what
we describe.

In addition to highlighting the pattern of retinal dystro-
phy characteristic for CDH3-related retinal dystrophy, we
note additional potential phenotypic features in affected

Table 2. Previously-published mutation-positive cases

Retinal
Reference Families (patients) Mutations images?
Sprecher 4 Israeli Druze families ¢.981delG Later in
2001" (11 patients) Leibu
2006'®
Indelman 1 Arab Israeli family c.1508G> A (p.R503H) Later in
20023 (4 patients) Leibu
2006'®
Indelman 5 families (9 patents) — ¢.503T> A (p.L168) No
2003* French, Turkish, Turkish
Cyprus, 2 Arab Israeli
Indelman 1 Arab Muslim family c.1845T>A (p.Y615%) Yes
2005° (2 patients)
Indelman 2 non-consanguineous .661C>T (p.R221%), Yes
2007° families (4 patients) — ¢.1510G>A (p.E504K),
white English and white  ¢.1724A>G (p.H575R),
North American .160+1G>A
Jelani 20097 1 Pakistani Pashtooni C.1425-1G>T No
family (6 patients)
Kamran-ul- 1 Pakistani family c.1425-1G>A No
Hassan (6 patients)
Naqvi
2010°
Shimomura 2 Pakistani families ¢.1796-2A>G No
2010'° (7 patients)
Avitan- 1 Arab Israeli family C.747C>A (p.Y249%) No
Hersh (1 patient)
2012"
Halford 1 family without 8815bp including exons  Yes
2012"  described ethnicity 12-13

(1 patient)
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patients. One is severe central macular atrophy and macu-
lar hole formation in Subject 1. Another is lack of frank
scalp hypotrichosis in Subject 4. The fact that the condition
can occur without frank hypotrichosis raises the possibility
that recessive CDH3 mutations may be a more common
cause for retinal dystrophy than is recognized because
mutations in the gene are usually not suspected unless
hypotrichosis is present. An additional clinical observation
was the inability of the 26-year-old male in our series
(Subject 4) to conceive children, which raises the interest-
ing possibility that CDH3 mutations might be associated
with male infertility. Previous reports of patients with
recessive CDH3 mutations, many of which were of children,
have not addressed this possibility at all. P-cadherin is a
component of human semen,”® and there is evidence that
cadherins have a role in human male gametes and
fertilization.”' Yet we cannot prove that inability to con-
ceive a child in our case is related to his CDH3 mutations.
There are multiple potential causes for male infertility, as
well as the possibility that his wife was infertile, and the
couple has not consented to investigate for potential causes.
However, at the very least, the possibility that recessive
CDH3 mutations could be associated with male infertility
deserves further study.
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