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Purrose. To describe the phenotype of CLN-associated retinal dystrophy in a subset of
patients at the Columbia University Medical Center, United States, and the Hospital das
Clinicas de Pernambuco, Brazil, in comparison to the published literature.

MeTtHoDs. Eleven patients with confirmed biallelic variants in the CLN genes were eval-
uated via dilated fundus examination, clinical imaging, and full-field electroretinogram.
A thorough literature search was conducted to determine previously published variants
and associated phenotypes.

Resurrs. Genetic testing confirmed the presence of variants in CLN3, CLN7/MFSDS8, CLNS,
and GRN/CLN11. Five novel variants were identified, and four novel phenotypes of previ-
ously published alleles were described. The phenotype differed among patients with
variants in the same gene and sometimes among patients with the same allele.

ConcLusions. Substantial phenotypic variability among variants in the CLN genes makes
identification of genotype-phenotype or allele-phenotype correlations challenging.
Further study is required to establish an extensive database for adequate patient coun-
seling.

Keywords: CLN3, MFSD8, CLNS, GRN, ffERG, nonsyndromic, rod-cone dystrophy, macu-

lopathy

he neuronal ceroid lipofuscinoses (NCLs) are a group
of genetically and phenotypically diverse inherited lyso-
somal storage disorders that commonly result in severe
vision loss and progressive neurodegeneration in the form of
cognitive deterioration, movement disorders, seizures, and
shortened life expectancy.! To date, 13 unique genes have
been identified to cause NCL: PPT1, TPP1, DNAJC5, CLN3,
CLN5, CLNG, MFSDS, CLNS, CTSD, GRN, ATP13A2, CTSF, and
KCDT72
The NCLs vary in age of onset, symptoms at onset, and
disease progression. The classic infantile form has an onset
between the ages of 6 and 24 months, the late-infantile
form at the ages of 2 and 5 years, the juvenile form at
the age of 4 and 8 years, and the adult form at the age
of 13 to 25.2 Protracted disease courses have also been
reported in certain genes, such as CLN3, with age of onset
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in the third to fifth decade of life.3> CLN3-associated NCL,
also known as Batten disease, presents as classic juve-
nile neuronal ceroid lipofuscinosis (JNCL) where ocular
symptoms precede neurologic symptoms. JNCL commonly
presents between the age of 4 and 8 years with a decrease
in central vision and rapidly progresses to severe vision loss
in the first decade following disease onset.®’ The visual
acuities of patients with advanced disease may be as low as
light perception.! The onset of neurologic symptoms, such
as speech disturbances, seizures, and motor decline, typi-
cally occurs between the ages of 10 and 20.%® The average
life span of these patients is approximately 20 years.®®

In contrast to CLN3, the other genes of interest in
this study do not always present with ocular symptoms
first. GRN-associated NCL, also known as CLN11, results
in disease onset in early adulthood, between the ages of
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20 and 252 Of the few reported cases in the literature,
several patients have presented first with visual loss followed
by generalized seizures 3 to 5 years later,”' while others
have demonstrated seizures and other neurologic symptoms
prior to visual impairment.’®!! On the other hand, CLNS-
associated disease causes variant late-infantile onset NCL
(VLINCL) and begins with neurologic involvement. Symp-
toms of CLNS-associated NCL begin between the ages of
2 and 7 years with the onset of seizures and deterioration
of motor skills.! Disease progression is rapid with onset of
myoclonus, cognitive impairment, and visual loss within 2
years from the time of diagnosis. Similarly, MFSDS/CLN7
also leads to a form of vLINCL, with symptoms of ataxia
and developmental regression beginning between the ages
of 3 and 6 years.'>”!> Disease progression occurs rapidly
with onset of epileptic seizures, psychomotor deterioration,
myoclonus, loss of vision, and premature death within the
second decade.'?~1

In addition to the classic systemic diseases associated
with these genes, cases of isolated retinal disease have been
reported in the literature.'®-?' Herein, we report 11 patients
with both isolated retinal and systemic disease positive for
biallelic variants in CLN3, MFSD8, CLNS8, and GRN. Detailed
phenotypic and genetic analysis of the patients’ variants
expands the known body of literature, which is especially
important for a set of conditions with no known or previ-
ously identified phenotype-genotype or phenotype-allele
correlation. Further, with phase 1/2 gene therapy clinical
trials under way for neurologic disease caused by variants
in CLN3 (ClinicalTrials.gov: NCT03770572), a clear under-
standing of the NCLs is essential.

METHODS
Patient Selection

A retrospective review of 11 patients from eight unrelated
families with confirmed genetic diagnosis of biallelic vari-
ants in the CLN genes was conducted. Clinical evaluations
were performed at the Edward S. Harkness Eye Institute at
Columbia University Irving Medical Center (New York, NY,
USA) and the Department of Ophthalmology of the Hospi-
tal das Clinicas de Pernambuco at the Federal University
of Pernambuco (Recife, Pernambuco, Brazil). Patients were
evaluated by ophthalmic examination, multimodal imag-
ing, and full-field electroretinography (ffERG). Informed
consent was waived due to the retrospective nature of the
study design and the minimal risk conferred to patients
as described in Columbia University Institutional Review
Board-approved protocol AAAR8743. All procedures were
reviewed and in accordance with the tenets of the Declara-
tion of Helsinki.

Clinical Evaluation

Patients were labeled according to their symptoms at presen-
tation into rod-cone dystrophy, interchangeably referred to
as retinitis pigmentosa (RP) for the purpose of this article;
cone-rod dystrophy (CRD); and the corresponding systemic
disease—patients V and XI. All patients underwent complete
ocular examination, including best-corrected visual acuity
(BCVA) testing, slit-lamp examination, and dilated fundus
examination. Patients’ pupils were maximally dilated with
1% tropicamide and 2.5% phenylephrine before examina-
tion. Snellen visual acuities (in feet) were converted into

IOVS | March 2023 | Vol. 64 | No.3 | Article 23 | 2

logMAR as per Holladay,?? where values of 2.6, 2.7, and 2.8
were assigned for patients who could only count fingers,
perceive hand motion, or had only light perception, respec-
tively.

Imaging studies including spectral domain optical
coherence tomography (SD-OCT; Spectralis HRA2; Heidel-
berg Engineering, Heidelberg, Germany), short wavelength
autofluorescence (SW-AF) (Spectralis HRA2, Heidelberg
Engineering [patients I-IV, VI-VIII]; Canon, CR2 Plus-AF,
Tokyo, Japan [patients V, IX-XI]). Color fundus photogra-
phy was obtained using 55° Clarus (Carl Zeiss Meditec
USA, Inc., Dublin, CA, USA [patients VI-VII]), wide field
(PLC, Dunfermline, UK [patients I-IV]), or Canon, CR2 Plus-
AF (patients V, IX-XI). ffERG was obtained for 8 of 11
patients using Dawson, Trick, and Litzkow electrodes and
Ganzfeld stimulation using a Diagnosys Espion Electrophys-
iology System (Diagnosys LLC, Lowell, MA, USA [patients I,
III-1V, VI-VIII]) or Roland (Ronald Consult, Brandenburg an
der Havel, Germany [patients V, XI]) according to the Inter-
national Society for Clinical Electrophysiology of Vision stan-
dards.”

Genetic Analysis

Genomic DNA was isolated from peripheral blood. Samples
were analyzed via Spark Therapeutics Invitae Inherited Reti-
nal Disorders Panel, Gene Dx Retinal Dystrophy Xpanded
Panel, Massachusetts Eye and Ear Panel for Retinal Genes,
Columbia University research whole-exome sequencing,
New York Genome Center whole-genome sequencing, and
Mendelics Next-Generation Sequencing Epilepsy Panel. All
identified variants were evaluated for pathogenicity against
published literature and the Leiden Open Variation Database
and ClinVar databases.

RESULTS AND D1ScUSSION

The clinical, genetic, and demographic information of these
patients is summarized in Table 1. The age at onset of symp-
toms ranged from 5 to 27 years, with a mean of 22 years.
BCVA ranged from 0 to 2.8 with a mean logMAR score of
0.85. Eight patients had more than one visit. With a range of
1 to 12 visits, the mean follow-up time for these patients with
more than one visit was 2.6 years. Pedigrees for each patient
are included (Fig. 1). All patients except for patients V, VI,
and XI had a positive family history of retinal degenera-
tion. Color fundus photography was available for all patients
except patient VIII. Autofluorescence fundus photography
and OCT imaging was available for all patients. ffERG test-
ing was obtained in 8 of 11 patients.

CLN3

Clinical Summary. Patient I experienced trouble with
nighttime driving at the age of 16. At the age of 22, the
patient was diagnosed incidentally on routine eye examina-
tion and referred to a retinal specialist. Patient II noticed
poor central vision and photophobia at the age of 33. She
presented for clinical correlation following genetic testing.
Patient III presented at the age of 19 for flashing lights
but notes that she has had nyctalopia since childhood. Her
brother, patient IV, presented after genetic testing revealed
he was positive for the same genetic variants as his sister,
noting he had also experienced nyctalopia since childhood.
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FiGure 1.

Pedigrees for nine patients with confirmed biallelic variants in the CLN genes. Patients I, III, IV, and V have two confirmed variants

in the CLN3 gene. Patients VII and VIII have two confirmed variants in the MFSD8/CLN gene. Patients IX and X have two confirmed variants
in the CLNS gene. Patient X has two confirmed variants in the GRN/CLN11 gene.

At the age of 5, patient V began to experience a rapid
decrease in central and peripheral vision with color blind-
ness. He presented for a precise diagnosis of his disease.

Consanguinity was reported in patients I and II, both of
whom were Haitian in origin; the parents of the probands
were first and second cousins, respectively. Patient I had an
affected brother with the same genetic variant. Patient I had
a father diagnosed with cone-rod dystrophy and an older
brother diagnosed with retinitis pigmentosa; no genetic
results were available for either family member. Patients III,
IV, and V did not report consanguinity. While siblings III
and IV were both affected, no other family members were
affected. Patients I to IV had no history or any signs or
symptoms of neurologic disease. Patient V, now age 7, had
undergone extensive neurologic evaluation, which revealed
no abnormalities. Magnetic resonance imaging of the brain
was also within normal limits.

Imaging and Electrophysiology. Wide-field Optos
fundus photography of patient I demonstrated a mid-
peripheral ring sparing the arcades (Fig. 2A). Color fundus
photography in patients II to V was largely unremarkable
(Figs. 2C, E, G, D). SW-AF of patient I demonstrated a ring
of bone spicules outside the arcades with a smaller ring
of hypoautofluorescence surrounding the fovea (Fig. 2B).

Patient II demonstrated bull’s-eye atrophy in the macula on
SW-AF (Fig. 2D). SW-AF for patient III revealed bone spicules
outside the arcades sparing the superior retina and cystoid
macula edema (CME) (Fig. 2F). Patient IV showed bone
spicules adjacent to the arcades and a central hypoautofluo-
rescent ring on SW-AF (Fig. 2H). Red-free fundus photogra-
phy for patient V revealed no abnormal findings (Fig. 2)).
OCT imaging of patients I and V revealed diffuse retinal
thinning, loss of outer retinal structure, and loss of the ellip-
soid zone (Figs. 3A, E). Patient II demonstrated normal reti-
nal architecture with foveal optical gap on OCT (Fig. 3B).
OCT of patients III and IV revealed severe and mild CME,
respectively, with preservation of the ellipsoid zone within
the fovea and peripheral retinal thinning and loss of outer
retinal layers (Figs. 3C, D).

ffERG testing of patient I revealed extinguished scotopic
responses bilaterally with severely diminished and delayed
30-Hz flicker responses (Table 1). No ffERG testing was
conducted for patient II. Patients III and IV both showed
severely diminished scotopic rod response with low B/A
ratios on scotopic maximum testing. These patients also
demonstrated moderately diminished and delayed 30-Hz
flicker testing. Both scotopic and photopic responses were
completely extinguished on ffERG testing of patient V.
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Ficure 2. Color and autofluorescence fundus photography in five patients with confirmed biallelic variants in CLN3. (A, B) On wide-field
Optos imaging, patient I demonstrated a mid-peripheral ring of pigmentation consistent with bone spicules, sparing the arcades. SW-AF
revealed hypoautofluorescence consistent with a ring of bone spicules outside the arcades with a smaller ring of hypoautofluorescence
surrounding the fovea. (C, D) Patient II had no abnormal findings on wide-field Optos imaging but demonstrated a hypoautofluorescent
pattern of bull’s-eye atrophy in the macula on SW-AF. (E, F) Wide-field Optos imaging was within normal limits for patient III. SW-AF
revealed bone spicules outside the arcades sparing the superior retina and cystoid macula edema. (G, H) Patient IV had no abnormal
findings on wide-field Optos imaging. SW-AF demonstrated bone spicules adjacent to the arcades and a relatively preserved ring of autofluo-
rescence surrounding foveal hypoautofluorescence. (I, J) Both Zeiss fundus and red-free fundus photography revealed no abnormalities for

patient V.

Analysis by Genotype. The most common variant in
this cohort of patients was a large 1.02-kb deletion affect-
ing exons 8 and 9 [NM_001042432.1], previously known as
exons 7 and 8 [NM_000086.2], found among three patients:
patients III and IV, who were heterozygous for the variant,
and patient V, who was homozygous. This variant has been
well characterized and is known to cause Batten disease
when homozygous,!?%> as seen in patient V. Further,
patients who are heterozygous for the 1.02-kb deletion have
presented with both protracted disease courses and isolated
retinal disease 3-%:16-19,21,26,27

Patients III and IV were heterozygous for the 1.02-kb
deletion in association with the ¢.1213C>T;p.(Arg405Trp)
variant, which has been previously reported in both
homozygous and compound heterozygous states
(Table 2).1%:2627 Among the eight published cases of
isolated retinal disease, the ocular phenotype is consistent
with a diagnosis of RP, including symptoms of nyctalopia
beginning between age 10 and 30 years. Seven of eight
patients, now aged 36 to 60 years, have no evidence of
neurologic disease at most recent follow-up. Only one
patient, homozygous for this variant, now age 30, has
developed neurologic symptoms of cogwheel rigidity and
word-finding difficulties.?” Patients III and IV have a pheno-
type consistent with the published literature of RP but
they may be too young, at the ages of 21 and 22 years, to
determine if they will have an isolated or protracted disease
course. It is important to note, however, that a previously
published patient with the same combination of variants as
patients III and IV, who was last examined at age 49 years,
has not developed neurologic symptoms (Table 2).'® Future
study is required to understand the interactions between
these variant combinations, as well as the presence of possi-
ble modifying gene or genes, as the literature has reported
patients homozygous for the ¢.1213C>T;p.(Arg405Trp) who
have developed neurologic symptoms, whereas patients
reported to be compound heterozygous, even in combi-
nation with the 1.02-kb deletion known to cause Batten
disease, have not developed neurologic problems.

Patient II presented homozygous for a previously
reported variant, ¢.175G>A;p.(Ala59Thr), in association
with a novel phenotype. One patient has been published
in the literature with this variant: a compound heterozygote
in combination with the 1.02-kb deletion.'® The published
patient presented at the age of 36 years for nyctalopia
with progressive visual field loss and was diagnosed with
atypical RP. Patient II first experienced decreased central
acuity and photophobia and was diagnosed with CRD. The
difference in these ocular phenotypes is unusual and may
potentially be explained by the homozygosity of the vari-
ant identified in patient II as compared to the compound
heterozygosity of the variant seen in the patient in the liter-
ature, similar to how patients who are homozygous for the
1.02-kb deletion develop Batten disease while those who are
compound heterozygous may present with isolated retinal
disease. Further study is needed to determine the expres-
sion of CLN3 variants between rod and cone photorecep-
tors and potentially understand the cause of this phenotypic
variability of rod-cone versus cone-rod dystrophy between
genotypes.

The final unique variant in our cohort was found
in patient I, who was homozygous for a novel vari-
ant: ¢.884A>G;p.(Glu295Gly). Patient I presented with
nyctalopia at the age of 16 and was diagnosed with RP. Now
at the age of 33 years, the patient has no neurologic symp-
toms, suggesting a likely case of isolated retinal disease.
However, a previously published variant affecting the same
amino acid, ¢.883G>A;p.(Glu295Lys), has been known to
cause protracted JNCL3~> with onset of neurologic symp-
toms as late as 45 years and death secondary to epileptic
complications as late as age 5.% As both variants affect the
same amino acid residue, it is worth discussing the amino
acid changes. Glutamate contains an acidic, polar side chain
while glycine has a neutral, nonpolar side chain, and lysine
contains a basic, polar side chain.?® While the change from
glutamate to glycine replaces a large, hydrophilic side chain
with a small, neutral side change, replacing glutamate with
lysine introduces a basic side chain in place of an acidic side
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Ficure 3. OCT performed in five patients with confirmed biallelic variants in CLN3. (A, E) OCT imaging revealed diffuse retinal thinning,
loss of outer retinal structure, and loss of the ellipsoid zone in patients I and V, respectively. (B) Imaging of patient II demonstrated normal
extrafoveal architecture with a foveal optical gap. (C, D) Patients III and IV demonstrated severe and mild cystoid macular edema, respectively,
with preservation of the ellipsoid zone within the fovea and peripheral retinal thinning and loss of outer retinal layers.

chain.?® Further study is required to establish the severity of
these two variants on protein structure and function. Even
with the differences between the amino acid change, these
genotypes may produce a similar disease course. As such,
patient I should undergo careful neurologic evaluation to
monitor for the development of subtle neurologic symptoms.

With a phase 1/2 gene therapy clinical trial currently
under way for neurologic disease associated with Batten
disease (ClinicalTrials.gov: NCT03770572), it is incredi-
bly important to characterize variants responsible for
protracted JNCL versus isolated retinal disease. Patients with
a seemingly isolated retinal disease course may develop
neurologic symptoms later in life, such as in the case
of ¢.1213C>T;p.(Arg405Trp)?>’ or ¢.883G>A;p.(Glu295Lys)*
disease, and as such may benefit from future treatments
available for neurologic symptoms of CLN3-associated
neurologic disease.

MFSDS8/CLN7

Clinical Summary. Patient VI was diagnosed at the age
of 18 years due to the onset of nyctalopia. She presented for

care following retirement of her previous provider. Patient
VII experienced a sudden decrease in vision over a period
of 4 months and an increase in photophobia at the age of
16 years. The patient was referred for specialized care. Her
sister, patient VIII, presented following familial genetic test-
ing, which showed she was positive of the same genetic
variant as her sister. At presentation, she was experiencing
decreased central acuity. Patient VI did not report consan-
guinity. Patients VII and VIII noted their great grandparents
were first cousins. While siblings VII and VIII were both
affected, no other family members were affected. Patients VI
to VIII had no history or any signs or symptoms of neuro-
logic disease.

Imaging and Electrophysiology. Zeiss Clarus imag-
ing of patient VI demonstrated dense pigment migration
progressing inward from the mid-periphery and encroach-
ing on the macula (Fig. 4A). Zeiss color imaging of patient
VII showed bull’s-eye macular atrophy (Fig. 4C). No color
images were available for patient VIII. SW-AF of patient
VI demonstrated diffuse patchy atrophy throughout the
macula and beyond the arcades (Fig. 4B). SW-AF in patient
VII revealed hypoautofluorescence in the macula indicative



IOVS | March 2023 | Vol. 64 | No.3 | Article 23 | 7

Retinal Disease in Variants of the CLN Genes

-uondoorad Y31 ‘g7 ‘Aypedounsr sunwwuroine “YIv ‘uosredwod 10j pajussard ore adAjouoyd Surpuodsorrod oy Yim sodAjousS Je[rwirs ‘O[qereae Uay M

VN

(,rTe 3 ueys)
JUSWA[OAUT JISO[OINSU
moym syuaned e ‘gL

93e 01 dn-mofjoj 1s98uo]
‘197e] erdoqedhu ‘o¢ pue
61 S98€ U2omIaq 19SUO
UOISIA [EIJUDD PISEIINIP
‘snogAzowoy [[e ‘SaIIwuey
palepIun 9 woij syuaned 9

(¢1'Te 39 18N0OY)) G 23¢e
e pasouderp Aydomne ondo
‘swoydwihs [ensia 210Joq
swordwAs J0j0W “TONTTA
[e21d£) i pasouSerp (Y[apg
~€OTT™ YIm UoHeRUIquod

ur snogAzo1a)ay Juaned

(orTe
AOUIIWS) JUSWIAJOAUT
o13o[0Inau JnoYPPIM
0S—0% pade mou ‘pJo s1eak
0%—8¢ Jo sa8e oy 1e Suniels
erdore1dAu ‘UOISIA [ENUD
Pasea109p sk 07-ST soSe
e josuo swoldwAs [ensia
‘sno8Azowoy ypoq ‘ssurqis ¢

AE._N 19
€[OJUIIS) G 23k 1B pasoueIp
Aydone ondo ‘swoydwids
[ensiA 210j2q 39suo swoydwAis
Joj0W “TONTTA [ed1dA) Yaim
pasouderp ‘snoSAzowoy juaned
(o TE 32
AOUIIWG) JUSWDAJOAUT
J130[0INdU INOYIM
0S—0% pade mou ‘s1eak
0%—8¢ Jo sa8e oy 18 Sunrels
erdoeioAu UorsiA [enuad
Pasea10ap sk 07-ST sade
e Josuo swoldwAs [ensia
{(MaTZ1$01d) d* L <DSETT™d
M UOIBUIqUIOD
ur sno84zo1a39Y [[e sSulqis ¢

parpns

oM AJOA ‘JUBLIEA UOWILIOD JSOW ‘OSBISIP [BUNDI PIIB[OSI SNSIDA 9SEISIp uaneq jo syrodor Auepy

(,z'Te 32 32dny))

Aynoygrp Surpuy-prom

M ¢ 298e Mou ‘C7

o3e 1€ Ayp13u (ooym3oo

poaousnadxa ‘UoIsIA

[euuny pue eido[eoAu se

Z1 98¢ 1e 19suo swoldwAs
[ensia ‘sno84zowoy juaned

(51230
n3[) JUSWOAJOAUT JIS0[OINdU
INOYIM G 98 MOU ‘UOTSIA
[ouun se O] 98k 210Joq 19SUO
swoldwAs [ensia ‘uonaPp
P-20°T Y uoneuiquiod ut
snogAzoranay (di1co%81v)d

{L<OETTI'D uaned

(g;'T8 32 MY]) JUSWDAJOAUT
2130[0INAU INOYIM
1< pue 9¢ a8e mou ‘oner
Vv/d mo] Hyd ‘erdoreipiu se
sQ¢ ur 1osuo swoldwAs [ensia
‘syuaned sno3Azowoy om],
(o1'TE 39 USD) JUSWDA[OAUT
d130]0IN2U INOYIM 9G Ik
MOU ‘UOTISIA [EIJUDD PISEIIIIP
P YV YA PISOUSEIp
06 28e ‘{Q yPIm pasouerp
‘uorsia Jouun) pue erdofeldiu
se 9¢ 93¢ Je 1osuo swordwAs
[ENSIA fUOHD[PP Q-0 T YIm
UONBUIqUIOd UT SNOZAZ0I219Y

JUSWIDA[OAUT

J130[0INaU JNOYIM

LI PUE $T MOU QYD YIm
PasouSeIp ‘UOISIA [EXUD
PasEaIOIP YIM SUDD)

ur 3osuo swoydwAs [ensia
{AYLESHIPIN) dD<L19€T D
YIIM UOHBUIQUIOD

ON ur sno84zo1a1ay s3ur[qrs
OoN MOJaq 29§
JUDTDAJOAUT

o130[0IndU JNOYIM
d7T1 L 98€ mou ‘9seasip
uaned yim pasouderp
‘¢ o8e e 19suo swoydwAs
[ensia—sno8Azowoy

ON £9A0qE 295—sN03AZ0INOH
JUSWIDAJOAUT
o130[0Indu INOYIM
7T pue 7 28e mou ‘onel
V/d M0] DY ‘dd P
pasougerp ‘erdojeloiu
SE SU22) Ul }9SUO
swojldwAs [ensia ‘uonaep
G}-20'T Yra uoneurquiod

ON ur sno84zoiayay s3urqrg

JUSWIA[OAUT

o18o[0mau oYM

8¢ 988 mou {qQyUD YIm
pasouSeIp ‘UoISIA [ENu2d
Ppasea1dap se z¢ o8¢

(Sn08£z01212Y) IIIA-TIA V<LZ+HSLD

AULFSHIPIN)d D<LI9¢T D
SASHN

(sno034z01219Y) MTIA-TA

(sno84zowoy) A

pue (sno84zox31oy) AT-TII 6—8 SUOX3 JO uonPJ

(sn084z01219Y) AT-TIT dipcoy8av-d L<DETZ1 D

VN VN (YL6SEIV) d'V<DG/TDjusned  ON Je Josuo swoydwis [ensip (sno8Azowoy) |1 Y165eV'd V<OGLI™D
ENTD
€ Juaned paysiqnd T Juaned paysiqnd 1 3uaned paysiqnd {IPAON adfjouayd P2103J3V (s)ruaned spsLLPEIeY)

syuaned Apmg jo sadfjousyq pue sadAfjouon poaysriqndun) A[Snorasrg ‘g F1av],

20udI0g |ensiA ¥ Abojoweyydo annebiisau)



Investigative Ophthalmology & Visual Science

Retinal Disease in Variants of the CLN Genes

IOVS | March 2023 | Vol.64 | No.3 | Article23 | 8

..

Ficure 4. Color and autofluorescence fundus photography in three patients with confirmed biallelic variants in MFSD8/CLN7. (A, B) Zeiss
Clarus fundus photos of patient VI demonstrated relatively dense pigment migration extending across the mid-periphery and macula. SW-AF
showed bone spicules adjacent to the arcades and a relatively preserved ring of autofluorescence surrounding foveal hypoautofluorescence.
(C, D) Patient VII demonstrated bull’s-eye macular atrophy on Zeiss fundus photography, and SW-AF revealed hypoautofluorescence in the
macula indicative of substantial atrophy. (E) No color imaging was obtained for patient VIII. SW-AF demonstrated a hypoautofluorescent

pattern of bull’s-eye atrophy in the macula.

of substantial atrophy (Fig. 4D). Patient VIII demonstrated
bull’s-eye atrophy in the macula on SW-AF (Fig. 4E). OCT
imaging of patients VI and VII revealed diffuse retinal thin-
ning, loss of outer retinal structure, and loss of the ellipsoid
zone in patients VI to VII (Figs. 5A, B). Patient VIII demon-
strated foveal loss of retinal layers with preservation of reti-
nal architecture peripherally on OCT (Fig. 5C).

ffERG testing of patients VI and VII demonstrated extin-
guished scotopic responses bilaterally and severely dimin-
ished and delayed responses on 30-Hz flicker testing
(Table 1). ffERG of patient VIII demonstrated diminished
scotopic rod and maximum responses with a low B/A ratio
and moderately diminished amplitudes, borderline normal,
with no implicit time delay on 30-Hz flicker testing (Table 1).
Patients VII and VIII were diagnosed with cone-rod dystro-
phy clinically. While the clinical presentation of patient VIII
was consistent with cone-rod dystrophy, the ffERG testing
can be described as macular dystrophy.

Analysis by Genotype. Patients VI to VIII presented
with biallelic variants in CLN7/MFSD8 and were all found
to have novel phenotypes. All three patients were heterozy-
gous for the ¢.1361T>C;p.(Met454Thr) variant. This variant
has been associated previously, independent of homozygos-
ity or compound heterozygosity, with systemic vLINCL?*!:%°
and isolated CRD (Table 2).17°2! Of the previously described
patients in the literature, 11 have not developed neuro-
logic symptoms, the oldest of whom was 78 years old at
latest evaluation. Patient VI, who was compound heterozy-
gous for the ¢.1361T>C;p.(Met454Thr) variant in combina-
tion with a novel variant ¢.863+2, presented with nyctalopia

at age 19 years and was diagnosed with RP, as opposed
to CRD. Further study of this novel variant, specifically
its effect on gene splicing and its position within the 12
predicted transmembrane domains of the MFSD8 gene,®
may elucidate the cause of the novel phenotype described in
patient VI.

While patients VII and VIII have a phenotype of CRD
consistent with the published literature of isolated reti-
nal disease in the c¢.1361T>C;p.(Met454Thr) variant, the
second variant, ¢.754+2T>A, has been previously associ-
ated only with syndromic vLINCL disease in both homozy-
gous and compound heterozygous states (Table 2).!%'> This
novel presentation of isolated retinal disease associated with
the ¢.754+2T>A variant can be attributed to its unique
combination with the ¢.1361T>C;p.(Met454Thr) variant. The
€.754+2T>A variant is located in intron 8 of the MFSDS8
gene and leads to altered splicing,'> while the c.1361T>C
variant is located within the 11th transmembrane domain
and affects protein folding.? It is possible that the combina-
tion of these variants produces a milder protein defect than
each variant individually, explaining the novel phenotype of
isolated retinal disease associated with the ¢.7542T>A vari-
ant.

Overall, the phenotypic variability in the MFSDS8 gene
is extreme. Several authors have proposed a spec-
trum of disease from isolated macular involvement to
generalized rod-cone dystrophy to systemic VLINCL.!'
Specifically, Priluck and Breazzano® describe a case
of nonsyndromic macular dystrophy in a patient with
compound heterozygous variants ¢.154G>A;p.(Gly52Arg)
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Figure 5. OCT performed in three patients with confirmed biallelic variants in MFSD8/CLN7. (A, B) OCT imaging revealed diffuse retinal
thinning, loss of outer retinal structure, and loss of the ellipsoid zone in patients VI and VII, respectively. (C) OCT of patient VIII showed

an isolated loss of retinal layers in the fovea.

and ¢.1006G>C;p.(Gluc336Gln), corresponding to exons 3
and 11, presenting with foveal optical gap and no peripheral
disease. Further study is required to understand the interac-
tions between different alleles and their combined effects on
protein structure and function that could explain this pheno-
typic variability.

CLNS8

Clinical Summary. Patients IX and X began expe-
riencing nyctalopia at ages 37 and 32 years, respec-

tively. They presented for specialized care. While siblings
IX and X were both affected, no other family members
were affected. No consanguinity was reported. Patient IX
had no history or any signs or symptoms of neurologic
disease. Patient X had a history of mild childlike behav-
ior; the remainder of the neurologic examination was
unremarkable.

Imaging and Electrophysiology. Color fundus
photography in patients IX and X revealed perifoveal atro-
phy with the presence of bone spicules along the vascular
arcades (Figs. 6A, D). On SW-AF, patients IX and X demon-

Ficure 6. Fundus photography and OCT performed in two patients with confirmed biallelic variants in CLNS. (A, D) Zeiss Clarus fundus
photography demonstrated perifoveal atrophy with the presence of bone spicules along the vascular arcades in patients IX and X, respectively.
(B, E) SW-AF of patients IX and X, respectively, revealed bone spicules surrounding the arcades 360 degrees with central hyperautofluorescent
focus. (C, F) OCT imaging of patients IX and X, respectively, showed preservation of ellipsoid zone within the fovea and loss of outer retinal

layers in the periphery.
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Ficure 7. Fundus photography and OCT performed in a patient with confirmed biallelic variants in GRN/CLN11. (A, B) Zeiss color and
red-free autofluorescence imaging in patient XI revealed no abnormalities. (C) OCT imaging of patient XI revealed diffuse retinal thinning,

loss of outer retinal structure, and loss of the ellipsoid zone.

strated bone spicules around the periphery with a rela-
tively preserved paramacular ring of autofluorescence and
perifoveal atrophy (Figs. 6B, E). Further, patient IX showed
patchy retinal pigment epithelium (RPE) atrophy within the
macula (Fig. 6E). OCT imaging of patients IX and X showed
preservation of ellipsoid zone within the fovea and periph-
eral retinal thinning and loss of outer retinal layers (Figs. 6C,
F). No ffERG testing was conducted for either patient.
Analysis by Genotype. Patients IX and X
were heterozygous for two novel variants in CLNS:
¢.509C>G;p.(Thr170Arg) and c¢.779C>T;p.(Pro260Leu).
Both patients began experiencing nyctalopia at ages 37
and 32 vyears, respectively. Neither patient, now 41 and
34 vyears, experienced neurologic symptoms besides a
mild intellectual disability described as childish behavior
in patient XI. From this history, it can be assumed that
patients X and XI have a course of isolated retinal disease.
To the best of our knowledge, this is the first report of
nonsystemic CLN8 disease. In addition to the classical form
of CLN8 vLINCL, which typically presents with seizure onset
during childhood followed by rapid disease progression to
myoclonus, cognitive impairment, and visual loss within
2 years from the time of diagnosis,! reports of a milder
disease course have also been described.>! Sanchez et al.>!
describe two siblings who presented with seizures and
retinitis pigmentosa. Sibling 1 experienced seizures at age
7 years followed by the onset of ocular symptom at age
13 years, while sibling 2 experienced ocular symptoms at
age 5 years, prior to seizure onset at age 16 years. Both
patients, described at ages 13 and 22 years, have not expe-
rienced progression of neurologic symptoms. These cases,

in combination with the phenotype identified in patients
IX and X, suggest three distinct phenotypes of CLNS
disease: isolated retinal disease, mild systemic disease, and
VvLNCL.

GRN/CLN11

Clinical Summary. Patient XI presented at the age
of 21 years for evaluation of photophobia and progressive
nyctalopia after a causative variant was identified on genetic
testing conducted for refractive seizures. Patient XI reported
consanguinity in the family. Patient XI had a history of gener-
alized tonic-clonic seizures beginning at the age of 16 years.
No other neurologic symptoms were present at the latest
follow-up.

Imaging and Electrophysiology. Color and red-free
fundus photography in patient XI was largely unremark-
able (Figs. 7A, B). OCT imaging of patient XI revealed
diffuse retinal thinning, loss of outer retinal structure, and
loss of the ellipsoid zone (Fig. 7C). ffERG testing revealed
severely diminished scotopic rod response, a low B/A ratio
on scotopic maximum response, and 30-Hz flicker test-
ing with borderline diminished responses without delay
(Table 1).

Analysis by Genotype. Patient XI  was
homozygous for the GRN novel variant
¢.767_768insCC;p.(1le256ThrfsTer28) and demonstrated
a typical course of systemic CLNI11 disease. A similar
genotype has been reported in two patients previously,
€.768_769dup;p.(GIn257frameshift), once in association
with systemic CLN11 disease and once in association with
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spastic ataxia without ocular symptoms (Table 3).!1:3?
Although previously assumed that homozygous GRN
variants lead to CLN11, of the 11 with homozygous variants
in GRN, 4 have presented with atypical disease course,
with 2 developing ocular symptoms prior to neurologic
disease and 2 never developing ocular symptoms at all.3?
Huin et al’? have proposed that this finding could be
due to hypomorphic variants as studies of progranulin
levels, the protein product of the GRN gene, showed
residual progranulin levels in homozygous patients similar
to heterozygous patients. We agree that the differences
in protein synthesis caused by different variants may
explain the phenotypic variability in GRN-associated
disease and suggest similar studies of protein product
should be conducted for the other CLN genes. Further,
we highlight the importance of proper patient follow-up
and educated counseling for patients with variants in
GRN asNA three patients with seemingly isolated RP have
developed neurologic symptoms consistent with systemic
CLN11 disease 17 to 41 years after the onset of visual
symptoms.>?

CONCLUSION

Herein we report nine patients with isolated retinal disease
and two patients with systemic NCL disease, all with
confirmed variants in four genes previously associated
with systemic NCL. Five patients (I-V) with biallelic vari-
ants in CLN3 were included, and only patient V had a
previous diagnosis of Batten disease. Five of the vari-
ants identified in these patients were unique and one
was novel. A total of three patients (VI-VIID) with two
confirmed variants in MFSD8/CLN7 were evaluated, none
of whom had neurologic symptoms at most recent presen-
tation. Of the three unique variants identified in these
patients, one was novel. Two siblings (IX-X) with bial-
lelic novel variants in CLNS were included, and one patient
(XD with a novel homozygous variant in GRN/CLN11 with
systemic NCL was also included in this study. With this
report, we hope to expand the known phenotypes for each
variant, presenting previously unpublished genotypes and
phenotypes.

The wide phenotypic variability of the CLN genes makes
a phenotype-genotype correlation difficult to establish.
Further, no apparent allele-phenotype correlation can be
drawn as patients homozygous for an allele can present
with isolated retinal disease, in the form of RP and CRD,
or systemic disease. We hypothesize that this phenotypic
variability is a result of the presence of a modifying gene
or genes, interactions between individual alleles leading
to additive effects, hypomorphic effects of different vari-
ants, and/or the effects of changes to different domains
of the CLN genes. Further study is required to eluci-
date the cause of this phenotypic variability. Until such
a time when a genotype-phenotype correlation can be
established, clinicians must take extra care when coun-
seling patients as seemingly isolated retinal courses of
disease can potentially be devastating protracted disease
courses; studies have reported the onset of neurologic
complications as late as 45 years of age. Extensive study
is required to establish a correlation, if it exists, to help
counsel patients on their expected prognosis and determine
if patients with presumed isolated retinal disease should
be considered for treatment of neurologic symptoms such

IOVS | March 2023 | Vol. 64 | No. 3 | Article 23 | 12

as those currently under development for CLN3 systemic
disease.
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