_&\}\\‘W//Z,%__ AMERICAN ACADEMY
%%7//“\\\% OF OPHTHALMOLOGY ®

Reports

@ Clinical and Genetic Findings in
CTNNAT-Associated Macular
Pattern Dystrophy

Macular pattern dystrophies of the retinal pigment epithelium have
various causes and effects on vision, with abnormalities particu-
larly evident on short-wavelength autofluorescence imaging. A
number of genes have been implicated, frequently PRPH2. In
2015, 3 heterozygous missense variants in CTNNAI (encoding the
widely expressed ol-catenin protein) were associated with butterfly-
shaped  pigment dystrophy: ¢.953T—C (p.Leu318Ser),
¢.1293T—G (p.lle431Met), and c.919G—A (p.Glu307Lys)."
Herein, we describe 6 additional families with CTNNAI missense
variants (affected individuals exhibiting pattern dystrophy),
corroborating the previous report. Four previously unreported
variants are described, with predicted effects on protein structure.
We also show near-infrared reflectance findings.

Electronic patient records from Moorfields Eye Hospital,
London, United Kingdom, and Manchester Centre for Genomic
Medicine, Manchester, United Kingdom, were inspected to iden-
tify individuals with inherited retinopathy associated with variants
in CTNNAI. The study had review board approval (Moorfields Eye
Hospital R&D department and North London and Greater
Manchester West Research Ethics Committees) and conformed to
the tenets of the Declaration of Helsinki. The requirement for
informed consent was waived because of the retrospective nature
of the study.

We identified 11 affected patients (8 female) from 6 unrelated
families (nonconsanguineous pedigrees; Fig S1, available at
www.aaojournal.org). Demographics, genotypes, and clinical
features, including electrophysiologic features, are summarized in
Table S1 (available at www.aaojournal.org). Median age at
presentation was 34 years (range, 4—63). Follow-up ranged from
0 to 18 years. Figure 1 depicts multimodal imaging; clinical
histories are below.

The proband from family 1 was a 43-year-old woman with
mild symptoms, including difficulty driving in low light levels.
Visual acuities were 20/20 (right eye) and 20/17 (left eye). Mac-
ular pigmentary changes were noted. Five months later, recorded
acuity was 20/30 bilaterally. Her 4-year-old daughter was referred
because her ophthalmologist had observed macular changes (more
marked than in her mother). Visual acuity was 20/40 bilaterally,
and she had hyperopic astigmatism. Three months later, recorded
visual acuity was 20/30 bilaterally. The proband’s older daughter,
19 years of age, was asymptomatic, with visual acuity of 20/20
bilaterally. Retinal imaging revealed subtle changes (Fig 1C).

The proband from family 2 was a 43-year-old man reporting
distortion in right-eye vision. Medical history included asthma,
vitamin D deficiency, and thyroid cancer. Visual acuity was 20/17
bilaterally. Hyperpigmented lines radiating from the fovea (Fig 1D)
were noted bilaterally. Eighteen years after presentation, visual
acuities were 20/60 (right eye) and 20/30 (left eye). His sister,
38 years of age, was referred by her optometrist, who noted
bilateral retinal changes. Her visual acuity was 20/20 bilaterally.

Subtle macular pigmentary changes and peripheral scalloped
atrophic areas were noted. Visual acuities were unchanged 11
months later.

The proband from family 3 was a 27-year-old asymptomatic
woman referred by her optometrist after discovery of retinal
abnormalities. Visual acuity was 20/20 bilaterally. Fundus exami-
nation showed macular pigmentary changes (Fig 1F). Twenty-one
months later, acuities and retinal findings were unchanged. Her
mother, also asymptomatic, was examined at 63 years of age and
showed macular pigmentary disturbance (Fig 1G,H) with
peripheral drusen.

The proband from family 4 was a 32-year-old woman whose
optometrist found retinal changes. She reported mild difficulties in
low light levels. Visual acuities were 20/30 (right eye) and 20/17
(left eye). Linear pigmentary changes were seen centrally in both
fundi. Ten months later, visual acuities were unchanged. Her
maternal male cousin was reviewed at 34 years of age. Visual
acuities were 20/30 (right eye) and 20/20 (left eye). Fundus
examination showed similar changes (Fig 1K). Recorded acuities
were 20/20 (right eye) and 20/17 (left eye) 19 months later.
Other relatives were not evaluated in our service, but affected
individuals had been diagnosed elsewhere (maternal uncle and
maternal female cousin).

The proband from family 5 was a 31-year-old woman who
reported mildly distorted central vision. She showed peripheral
retinal pigmentary changes and mentioned a diagnosis of retinitis
pigmentosa from a different hospital. She later described possible
difficulties in dim light, occasionally bumping into things.
Medical history included postural orthostatic tachycardia
syndrome and hypermobility. Her maternal grandfather had been
reported to have had “tunnel vision” (later losing central vision),
and her maternal grandmother had been diagnosed with macular
degeneration. Examination revealed visual acuity of 20/20 and
macular pigmentary changes (Fig 1L,M) bilaterally, with
peripheral reticular changes at the level of the retinal pigment
epithelium. Normal electroretinography images made retinitis
pigmentosa unlikely. Four years later, visual acuity was 20/17
bilaterally and imaging findings were similar (Fig 1N,O), with
short-wavelength autofluorescence abnormalities slightly more
evident than at first visit.

The proband from family 6 was a 62-year-old man reporting a
2-year history of right-eye visual loss. Visual acuities were 20/125
(right eye) and 20/30 (left eye). Foveal atrophy was noted in the
right fundus, and pigmentary mottling of the left macula was
evident (Fig 1Q). Macular pattern dystrophy was diagnosed. At his
latest visit at 79 years of age, visual acuities were recorded as 20/80
(right eye) and 20/200 (left eye), with marked macular atrophy
bilaterally.

Genetic testing is detailed in Table S1. Families 1 and 3 showed
the ¢.965C — T (p.Ser322Leu) variant in CTNNAI; families 2 and
4 showed the c.1316C—T (p.Ser439Phe) variant; and the ninth
and tenth patients (families 5 and 6) showed c.1294G— A
(p.Glu432Lys) and c.973A—G  (p.Thr325Ala) variants,
respectively. All  were heterozygous, deemed ‘“probably
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Figure 1. Multimodal imaging findings: (A—C) family 1, (D, E) family 2, (F—H) family 3, (I-K) family 4, (L—O) family 5, and (P—S) family 6. A—C,
Images from family 1 (A) proband, (B) her younger daughter, 4 years of age, and (C) older daughter, 19 years of age. Panels show short-wavelength
autofluorescence (SW-AF; leftmost panels: right eye of proband and younger daughter, left eye of older daughter), near infrared reflectance (NIR; mid-
dle panels: same eyes as for SW-AF), and OCT (right panels: right eye of proband, left eye of younger daughter, right eye of older daughter). D, E, Images
from proband of family 2: (D) pseudocolor image (left eye) showing hyperpigmented lines radiating from fovea and (E) SW-AF (left panel) and NIR (right
panel) images from the right macula. Both eyes show peripapillary atrophy. F—H, Images from family 3: (F) left eye of proband (NIR and OCT) and (G, H)
right eye of her mother (G, pseudocolor; H, green autofluorescence). 1=K, Images from family 4: (I) pseudocolor; (J) SW-AF (left panel), NIR (middle
panel), and OCT (right panel) images from the right eye of the proband; (K) SW-AF, NIR, and OCT images from the right macula of the proband’s male
affected cousin. Abnormalities appear more evident on NIR compared with SW-AF images. L—O, Images from the proband from family 5: (L) SW-AF
images and (M) NIR and OCT images from both eyes of the patient, 31 years of age; (N, O) Corresponding images obtained 3 years later. P—S,
Images from the proband from family 6 at 62 years of age: (P) color fundus image of right eye; (Q) color, red-free, and fundus fluorescein images from the left
eye; and at 78 years of age: (R) SW-AF image of the left eye and (S) NIR reflectance and OCT images.
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damaging” (PolyPhen-2)” or “disease causing” (MutationTaster),’
and were absent in more than 60 000 probands in the gnomAD
2.1 database.” Figure S2 (available at www.aaojournal.org)
illustrates protein structure, showing proximity to previously
reported variants. No variants were found in other genes that
could explain the phenotype (despite whole genome’® or exome
sequencing, or multiple gene panel testing).

In our cohort, visual symptoms were mild or absent (with
pattern electroretinography evidence of preserved macular func-
tion) in all but 1 patient. Long-term visual prognosis is unknown.
Abnormalities, particularly in younger patients, seemed more
evident on near-infrared reflectance than on autofluorescence.
Electrophysiologic analysis revealed normal generalized rod and
cone system function, but a high incidence of generalized retinal
pigment epithelium dysfunction (largely consistent with the
previous report').

Our study was retrospective, and unaffected individuals were
not evaluated, precluding determination of segregation or pene-
trance. Skipped generations or lack of positive family history could
represent incomplete penetrance or simply absence of symptoms.
The family 6 patient differed from the others, with more severely
reduced vision and central retinal atrophy. This may relate to his
particular CTNNAI variant, his age, or other modifiers, including
possible coincidental age-related maculopathy. Further cases will
help determine genotype—phenotype correlations.

Acknowledgments

The authors thank Dr. Neil Parry for interpretation of electro-
physiologic data from one of the probands.

ALEXANDER TANNER, BSc 1.2

Hwer WueN CuaN, FAMS, FRCOpHTH "

Jose S. PuLio, MD"*?

GAVIN ARNO, PuD'"?

RoLa Ba-ABBap, PuD, FRCS(GLASG)'

NERINGA JURKUTE, MD'+?

ANTHONY G. RoBson, PuD!?

CaTHERINE A. EGaN, FRCOpHTH '

HanNaH KNIGHT, BSc'+?

ANTONIO CALCAGNI, MD, MRCSEp '+

RAcHEL L. TAYLOR, PuD*?

Eva LENAsSI, PuD*>

GraeME C. Brack, DPHIL, FRCOpHTH "

ANTHONY T. MoORE, FRCOPHTH, FMepScr'+>°

MicHEL MicHAELIDES, MD(REs), FRCOpuTH'~

ANDREW R. WEBSTER, MD(RES), FRCOpuTH"*>

OMAR A. Manroo, PuD, FRCOpatH ">

YWCL Institute of Ophthalmology, University College London, London,
United Kingdom; *Moorfields Eye Hospital, London, United Kingdom;
3Department of Ophthalmology, National University Hospital,
Singapore, Republic of Singapore; *Manchester Centre for Genomic
Medicine, St. Mary’s Hospital, Manchester, United Kingdom; SDivision
of Evolution and Genomic Sciences, School of Biological Sciences,
Faculty of Biology, Medicines and Health, University of Manchester,
Manchester, United Kingdom; ®Department of Ophthalmology,
University of California, San Francisco, School of Medicine, San
Francisco, California; "Section of Ophthalmology, King’s College

London, St. Thomas’ Hospital, London, United Kingdom; 8Physiology,
Development and Neuroscience, University of Cambridge, Cambridge,

United Kingdom; °Retina Service and Vickie and Jack Farber Vision
Research Center, Wills Eye Hospital, Philadelphia, Pennsylvania

Financial Disclosure(s): The author(s) have made the following dis-
closure(s): J.S.P.: Equity owner — Lagen Laboratories, C.A.E.: Finan-
cial support — Heidelberg Engineering, Lowy Medical Research
Institute, Novartis Pharmaceuticals

Supported by the Wellcome Trust (grant no.: 206619/Z/17/Z [0.A.M.]);
Fight for Sight UK; NIHR Biomedical Research Centre at Moorfields
Eye Hospital and the UCL Institute of Ophthalmology, London, United
Kingdom (O.A.M., A.R.W., M.M.); Moorfields Eye Charity, London,
United Kingdom; Retina UK; the Macular Society (R.L.T., G.C.B.); RP
Fighting Blindness; Fight for Sight UK (RP Genome Project GR586
and Early Career Investigator Award [G.A.]); the Biomedical Research
Centre at Great Ormond Street Hospital Institute of Child Health,
London, United Kingdom (G.A.); and the Medical Research Council
Rutherford Fellowship (no.: MR/R024952/1 [R.L.T.]). The funding
organizations had no role in the design or conduct of this research. The
views expressed are those of the authors and not the funding organi-
zations.

All authors have completed and submitted the ICMIJE disclosures form.

HUMAN SUBJECTS: Human subjects were included in this study. The
human ethics committees at Moorfields Eye Hospital R&D and North
London and Greater Manchester West Research Ethics Committees
approved the study. All research adhered to the tenets of the Declaration
of Helsinki. The requirement for informed consent was waived because
of the retrospective nature of the study.

No animal subjects were included in this study.

Author Contributions:

Conception and design: Tanner, Chan, Pulido, Arno, Ba-Abbad, Moore,
Michaelides, Webster, Mahroo

Analysis and interpretation: Tanner, Chan, Pulido, Arno, Ba-Abbad,
Jurkute, Robson, Egan, Knight, Calcagni, Taylor, Lenassi, Black,
Moore, Michaelides, Webster, Mahroo

Data collection: Tanner, Chan, Pulido, Arno, Ba-Abbad, Jurkute,
Robson, Egan, Knight, Calcagni, Taylor, Lenassi, Black, Moore,
Michaelides, Webster, Mahroo

Obtained funding: Arno, Taylor, Black, Michaelides, Webster, Mahroo
Overall responsibility: Tanner, Chan, Pulido, Arno, Ba-Abbad, Jurkute,
Robson, Egan, Knight, Calcagni, Taylor, Lenassi, Black, Moore,
Michaelides, Webster, Mahroo

Keywords:
Electrooculography, Electroretinography, Macular degeneration, Mac-
ular pattern dystrophy, Retina, Retinal dystrophies.

Correspondence:

Omar A. Mahroo, PhD, FRCOphth, UCL Institute of Ophthalmology,
University College London, 11-43 Bath Street, London EC1V 9EL,
United Kingdom. E-mail: o.mahroo@ucl.ac.uk.

References

3. Schwarz

1. Saksens N, Krebs M, Schoenmaker-Koller F, et al. Mutations in
CTNNAI cause butterfly-shaped pigment dystrophy and
perturbed retinal pigment epithelium integrity. Nat Genet.
2016;48(2):144—151.

2. Adzhubei IA, Schmidt S, Peshkin L, et al. A method and server

for predicting damaging missense mutations. Nat Methods.
2010;7(4):248—249.

JM, Cooper DN, Schuelke M, Seelow D.
MutationTaster2: mutation prediction for the deep-sequencing
age. Nat Methods. 2014;11(4):361—362.


http://www.aaojournal.org
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref1
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref1
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref1
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref1
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref1
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref2
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref2
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref2
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref2
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref3
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref3
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref3
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref3

ARTICLE IN PRESS

Ophthalmology Volume m, Number m, Month 2020

4. Karczewski KJ, Francioli LC, Tiao G, et al. The mutational molecular pathology of inherited retinal disease. Am J Hum
constraint spectrum quantified from variation in 141,456 Genet. 2017;100(1):75—90.
humans. Nature. 2020;581(7809):434—443. 6. Turnbull C, Scott RH, Thomas E, et al. The 100 000 Genomes
5. Carss KJ, Ao G, Erwood M, et al. Comprehensive rare variant Project: bringing whole genome sequencing to the NHS. BMJ.
analysis via whole-genome sequencing to determine the 2018;361:k1687.


http://refhub.elsevier.com/S0161-6420(20)31034-4/sref4
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref4
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref4
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref4
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref5
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref5
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref5
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref5
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref5
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref6
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref6
http://refhub.elsevier.com/S0161-6420(20)31034-4/sref6

	Reports
	Clinical and Genetic Findings in CTNNA1-Associated Macular Pattern Dystrophy
	Acknowledgments
	References


