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Abstract

Purpose: To describe the clinical, electrophysiological, and genetic findings of three Portuguese families with a rare
variant in the KCNV2 gene resulting in “cone dystrophy with supernormal rod responses” (CDSRR).

Methods: Retrospective clinical revision of five individuals from three unrelated families with CDSRR. Ophthalmological
examination was described in all patients and included color vision testing, fundus photography, fundus autofluorescence
(FAF) imaging, spectral domain-optical coherence tomography (SD-OCT), pattern electroretinogram (ERG), and full-
field ERG. The mutational screening of the KCNV2 gene was performed with Sanger and Next Generation Sequencing.
Results: All patients showed childhood-onset photophobia and progressive visual acuity loss with varying degrees of
severity. In multimodal imaging, various degrees of retinal pigment epithelium disturbances and outer retinal atrophy,
which tend to be worst with advancing age, were observed. Molecular screening identified a rare presumed truncating
variant (p.Glu209Ter) in homozygosity in two families and in compound heterozygosity in a third family. Three patients
showed ERG changes characteristic of CDSRR, however, two patients presented with incomplete electrophysiological
features of the disease.

Conclusion: A rare variant in the KCNV2 gene was identified in five patients from three Portuguese families. This
variant often leads to a severe and progressive form of retinopathy. Considerable variability in the ERG responses among
patients with this KCNV2 variant was observed.
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Introduction

Recessive pathogenic variants in the potassium channel
KCNV2 gene, located on chromosome 9p24, are known to
cause “cone dystrophy and supernormal rod electroretino-
gram” (CDSRR), a rare retinal dystrophy associated with
progressive loss of cone photoreceptors and rod system
anomalies.'*?

KCNV2 gene encodes a silent voltage-gated potassium
channel subunit (Kv8.2) expressed in the inner segment
of rods and cones. Kv8.2 interacts with members of the
Kv2.1 subfamily to form heteromeric channels that pro-
duce a voltage-dependent potassium current.>> These
channels allow transient hyperpolarization overshoots,
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regulating photoreceptor responses to light flashes.*
Variants in the KCNV2 gene result in absent potassium
channels or pure homomeric Kv2.1 channels with abnor-
mal functional properties, affecting phototransduction, and
visual function.®

Clinically, CDSRR is characterized by photophobia,
visual acuity loss and dyschromatopsia affecting mainly
the red-green axis which typically manifests in the first
two decades of life.”!° Nyctalopia usually presents later
in the course of the disease.®® The fundus appearance is
variable, often with pigmentary changes at the macula.
Fundus autofluorescence (FAF) imaging findings include
hyperautofluorescent parafoveal ring encircling areas of
hypoautofluorescence that can progressively enlarge.”!!:1?
Spectral-domain optical coherence tomography (SD-OCT)
usually demonstrates variable outer retina defects.'?
Notably, the clinical findings are limited to the central
macular area and the periphery remains normal.®*!2

Diagnostic features of CDSRR are found in the full-
field electroretinogram (ERG) and are exclusively linked
to KCNV2 gene variants.">1%13-15 The dim light scotopic
ERG is either undetectable or subnormal and delayed with
a disproportionate increment of rod b-wave amplitude
with small increments in stimulus luminance. Also, the rod
a-wave shows late squaring with bright flash strengths and
cone ERGs are reduced and delayed.®1°

More than 90 disease-causing variants in KCNV2 gene
have been reported so far,> mainly small insertion and
deletion variants.®” However, as far as we know, there are
no studies reporting cases of CDSRR in the Portuguese
population. The purpose of this study is to describe the
clinical and electrophysiological characteristics of a novel
variant in the KCNV2 gene observed in five Portuguese
patients from three different families.

Methods
Subjects

Five subjects from three different families from North of
Portugal, previously diagnosed with a stationary retinal dis-
order who carried KCNV2 gene variants, either in homozy-
gosity or compound heterozygosity were evaluated at the
Ocular Genetic Unit of the Ophthalmology Department
of Centro Hospitalar Universitario de Sao Jodo. The pro-
cedures used were in accordance with the tenets of the
Declaration of Helsinki and received Institutional Review
Board approval. Informed consent was obtained from all
subjects before each procedure.

Molecular genetics

Following informed consent, genomic DNA was extracted
from venous EDTA-blood samples according to standard
procedures. In two patients (1 and 2), the coding exons and
flanking intronic sequences of the KCNV2 gene were PCR

amplified and sequenced according to methods previously
described.? Large genomic rearrangements were evaluated
by quantitative PCR assay by using three gene-specific
amplicons encompassing the coding exons of the KCNV2
gene.

Next Generation Sequencing (NGS) was performed in
patient 3. This consisted in capturing DNA of the described
regions with DNA hybridization probes and sequenc-
ing it using Illumina’s Reversible Dye Terminator (RDT)
(Ilumina, San Diego, CA, USA). The same variants
detected by this method were confirmed in the two siblings
of the same family (patients 4 and 5) by Sanger sequencing.

Classification and description of the identified vari-
ants were performed according to the international rec-
ommendations.'® Therefore, variants were classified as
pathogenic, probably pathogenic and of unknown clinical
significance.'®

Human Genome Variation Society (HGVS) recom-
mendations are used to describe sequence variants. The
missense variant identified was analyzed using soft-
ware prediction programs: BayesDel addAF, DANN,
DEOGEN2, EIGEN, FATHMM-MKL, M-CAP, MVP,
MutationAssessor, MutationTaster, PolyPhen2, REVEL,
and SIFT.!7-18

The frequency of the allele variants in general popula-
tion was estimated according to the Genome Aggregation
Database (gnomAD).

Clinical assessment

Clinical assessment in all patients included detailed his-
tory, best-corrected visual acuity (BCVA) in logMAR
scale, complete ophthalmological evaluation, multi-
modal imaging including color fundus photography, FAF,
SD-OCT, and also electrophysiological study.

FAF images of central 30°X30° square field were
obtained with the Spectralis HRA +OCT with viewing mod-
ule version 5./.2.0 (Heidelberg Engineering, Heidelberg,
Germany; excitation light, 488 nm, barrier filter, 500 nm).

SD-OCT scans were acquired with the Spectralis
HRA+OCT with viewing module version 5./.2.0
(Heidelberg Engineering, Heidelberg, Germany), includ-
ing a linear, horizontal scan, centered on the fovea and a
volume scan (19 B-scans) for each eye.

Electrophysiological assessments

Electrophysiological tests were performed with Moni-
teur Ophtalmologique produced by Metrovision. Electro-
physiological assessment included full-field ERGs and
Pattern-ERG (PERG) performed according to the rec-
ommendations of the International Society of Clinical
Electrophysiology of Vision (ISCEV).!*?* Our ERG proto-
col included (1) Dark-adapted (DA) 0.01, 0.1, and 1 ERG
(rod ERG); (2) DA 3 ERG (combined rod-cone standard
flash ERG); (3) Light-adapted (LA) 3 ERG (standard flash
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“cone” ERQG); and (4) LA 30Hz flicker ERG. The availa-
ble Ganzfeld stimulator did not support the standard strong
flash stimulus of 10cdsm? (strong flash ERG). The ERG
was performed with gold-foil electrodes.

Case series description
Clinical findings

The clinical features of the five individuals with KCNJV2
gene variants are summarized in Tables 1 and 2. Patients
3-5 belonged to the same family. No history of con-
sanguineous marriage or familiar history of stationary
retinal disorder was documented in the three families.
The patient’s age at the time of the examination ranged
from 25 to 47 years. The first recorded logMAR BCVA
ranged from 0.5 to 1.0 while the last recorded logMAR
BCVA was between 0.6 and 1.5 (Table 1). All patients
complained of color vision problems and photophobia at
examination, patient 5 had also nyctalopia complaints.
A mild pendular nystagmus was present in two patients
(patients 2 and 5). Patient 5 had also a right eye endotro-
pia of 40 PD (Table 2).

Table I. Demographics and best-corrected visual acuity
(BCVA) in logMAR scale of the five cases with KCNV2 gene
variants at presentation and at last examination.

Case Sex First recorded BCVA Last recorded BCVA
Age BCVA OD/OS Age BCVA OD/OS

| F 18 0.5/0.5 25 1/1

2 F 26 1/1 30 1.2/1.2

3 M 7 0.4/0.4 32 0.6/0.6

4 F 9 0.3/0.3 34 1/1

5 F 20 1/1 47 1.5/1.5

F: female; M: male; BCVA: best-corrected visual acuity; OD: right eye;
OS: left eye.

Color fundus photographs, FAF and SD-OCT findings
are summarized in Figure 1 and Table 3. Fundus appear-
ance ranged from a dull foveal reflex (patient 3), macular
mottling of RPE with scattered areas of atrophy (patients 1,
2, and 4) to severe central atrophy (patient 5). FAF images
mainly demonstrated decreased central autofluorescence
surrounded by a hyperautofluorescent ring (which was
barely noticeable in patient 3) and complete central atro-
phy in patient 5. SD-OCT showed variable loss of the pho-
toreceptor layer in all patients which correlated with the
FAF findings. In patient 5, the degree of atrophy was more
severe and also included loss of the interdigitation zone.

Electrophysiological findings

Pattern ERGs and full-field ERGs of all five patients are
shown in Figure 2 and Table 4. In PERG the P50 waves
were undetectable in all patients. In the DA 0.01 ERG,
the b-wave amplitude was reduced in patient 1, it was
reduced and delayed in patients 3 and 4, and it was not
detected in patients 2 and 5. In the DA 0.1 and 1 ERG, a
rapid increase in b-wave amplitude was observed. The DA
3 ERG showed a broadened and delayed a-wave trough
and a b-wave of supernormal amplitude. LA 3.0 ERG
showed an amplitude reduction of the a and b-wave with a
more prominent decrease in the b-wave. The 30 Hz flicker
amplitude was reduced and delayed. These features were
less remarkable in patients 1 and 3. In both these patients,
the DA 3 ERG demonstrated a broadened a-wave through,
which was also delayed and of higher amplitude, however
the b-wave amplitude was within normal values. In patient
1, the b-wave in the LA3 ERG was slightly delayed, but
the amplitude was normal.

Molecular genetics

The probably pathogenic variant in KCNV2 gene was
identified in all patients (Table 3) and consisted in a

Table 2. Refraction and symptoms of the five cases with KCNV2 gene variants.

Case Refraction Dischromatopsia Photophobia Nyctalopia Nystagmus Other
| Emmetropic + + - No
Emmetropic
2 -3.75 + + - Present
-0.75 X 90°
-3.75
-2.00 X 75°
3 Emmetropic + + - No
Emmetropic
4 Emmetropic + + - No
Emmetropic
5 -1.00 + + + Present ET OD
-0.50

ET: esotropia.
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Figure |. Fundus photographs, fundus autofluorescence images, and SD-OCT of patients with KCNV2 gene variants described in

Table 2: (a) case |, (b) case 2, (c) case 3, (d) case 4, and (e) case 5.

substitution of a G-T in cDNA position 625 (reference
sequence NM 133497). The aberrant transcript would
lead, if translated, to a premature termination codon
p-Glu209Ter in the first extracellular domain (EC1) of the
protein. Patients 1 and 2 were homozygous and patients
3-5 (from the same family) were heterozygous for this
variant. This variant was previously reported in heterozy-
gosity in one individual from South Asia in the population

gnomAD exomes, although it has not been previously
reported in disease database (ClinVar) or in the literature.
This variant was classified as likely pathogenic accord-
ing to the recommendations of the American College of
Medical Genetics and Genomics (ACMG), based on the
extremely low frequency (1:217184 alleles, 0.0000046)
in the population database (GnomAD exomes, homozy-
gous allele count=0); it is a null variant affecting gene
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Table 3. Molecular status and retinal findings in the five cases with KCNV2 gene variants.

Case Age KCNV2 gene variant status ~ Macular appearance
on fundoscopy

FAF imaging SD-OCT imaging

| 25  c.625G>T (p.Glu209Ter)* RPE changes with
areas of atrophy

2 30 c.625G>T (p.Glu209Ter)* RPE changes
with atrophy and
pigmentation

3 32 c.625G>T (p.Glu209Ter) Dull foveal reflex
c457C>G (p.Argl53Gly)*

4 34  c.625G>T (p.Glu209Ter)' Bull’s eye type
c457C>G (p.Argl53Gly)* maculopathy

5 47  c.625G>T (p.Glu209Ter)* Macular atrophy
c457C>G (p.Argl53Gly)*

Patchy decreased AF Loss of the ellipsoid and ELM layers in

surrounded by aring  the fovea, with preservation of the ONL

of increased AF

Patchy decreased AF Epiretinal membrane, Discontinuous loss

and central atrophy of the photoreceptor layers in the fovea;

surrounded by a ring

of increased AF

Faint perifoveal ring of Discontinuous loss of photoreceptor

increased AF layers in the fovea

Patchy decreased AF Mild and discontinuous loss of the

surrounded by ring of  ellipsoid layer in the fovea

increased AF

Central loss of AF Complete photoreceptor layers loss;
loss of the interdigitation zone

RPE: retinal pigment epithelium; FAF: fundus autofluorescence; AF: autofluorescence; SD-OCT: spectral domain-optical coherence tomography.

*Homozygous state.
‘Heterozygous state.

KCNV?2, which is a known mechanism of disease associ-
ated with Retinal cone dystrophy 3B; pathogenic compu-
tational verdict based on five pathogenic predictions from
BayesDel addAF, DANN, EIGEN, FATHMM-MKL, and
MutationTaster; and patient’s phenotype highly specific
for a disease with a single genetic etiology).'® Quantitative
PCR analysis likely excluded multiexonic and whole-
gene deletions/duplications within or encompassing the
KCNV2 gene.

Patients 3—5 (same family) were also heterozygous for
a sequence variant designated ¢.457C > G which is pre-
dicted to result in the amino acid substitution p.Arg153Gly,
located in the cytoplasmic domain N-terminal A and B
box. This variant seems to be rare in the general popu-
lation, detected in heterozygosity in two subjects (allele
frequency of 0.00000809; gnomAD exomes). The amino
acid residue Arg in 153 protein position has been highly
conserved in the KCNV2 gene during evolution according
to MutationTaster. Also, multiple lines of computational
evidence support a deleterious effect of the p.Argl53Gly
variant on the KCNV2 gene (BayesDel addAF, DANN,
DEOGEN2, EIGEN, FATHMM-MKL, M-CAP, MVP,
MutationAssessor, MutationTaster, PolyPhen, REVEL,
and SIFT). Segregation analysis was not performed since
parents were not available. However, analysis of the next-
gen sequence data revealed that the KCNV2 ¢.625G>T
and ¢.457C > G variants in this patient were localized on
opposite chromosomes (transphase).

Discussion

To the best of our knowledge, the present work is the first
to describe the clinical and genetic features CDSRR in the
Portuguese population. All patients from three different

families harbored the same likely disease-causing variant
in KCNV2 gene which was not previously reported in the
literature or in the disease database ClinVar. Three patients
from the same family also presented a rare variant in het-
erozygosity in KCNV2 gene. Although it was not possible
to identify a common ancestor to the three families, all
patients are from the North of Portugal, indicating a com-
mon origin.

All patients presented with photophobia, colour vision
abnormalities and central scotomata from the first or sec-
ond decade and myopia was present in two of them which
is consisted with previous reported data."’>!> CDSRR is
often considered a relatively mild form of cone dystro-
phy, as most patients have been reported not to progress®
or at least to maintain a stable BCVA in middle age.>?!
However, most patients in this series showed a decline in
BCVA, with the exception being patient 3, which showed
a relatively stable BCVA for more than 20 years of follow-
up (decreased from 0.4 to 0.6logMAR). To noticed that
the oldest patient (patient 5) had the poorest BCVA (1.5
logMAR), being the only patient with complaints of nyc-
talopia, which is known to occur later in the course of the
disease.®

RPE defects in macular region were evident in all five
patients. FAF findings included hyperautofluorescentrings
that encircle areas of RPE atrophy. These changes seem to
correlate with patient age, as the older patient had a more
pronounced area of absent fluorescence (Figure 1). This
was also reported in previous studies with KCNV2 retin-
opathy and other cone-rod dystrophies.”**2* Increased
autofluorescence represents the progressive accumula-
tion of lipofuscin in the central macula being a result of
the RPE incapacity to metabolize outer segment debris.
These changes precede photoreceptor cell death.®?*?* In
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Figure 2. Electrophysiological findings of each patient with KCNV2 mutations. Pattern (PERG) and Full-field electroretinograms
(ERGs) of patients -5 are shown. The ERGs from a normal control are shown for comparison. Protocol included: Dark-adapted
0.01, 0.1, and | ERG; dark-adapted 3 ERG; Light-adapted 30 Hz flicker ERG and Light-adapted 3 ERG. In PERG the P50 waves were
undetectable in all patients expect for patient | who preserve residual amplitude. In the DA 0.01 ERG, the b-wave amplitude was
reduced in patient |, it was reduced and delayed in patients 3 and 4, and it was not detected in patients 2 and 5. In the DA 0.1

and | ERG, a rapid increase in b-wave amplitude was observed. The DA 3 ERG showed a broadened and delayed a-wave trough
and a b-wave of supernormal amplitude. LA 3.0 ERG showed an amplitude reduction of the a and b-wave with a more prominent
decrease in the b-wave. The 30 Hz flicker amplitude was reduced and delayed. These features were less remarkable in patients |
and 3. In both these patients, the DA 3 ERG demonstrated a broadened a-wave through, which was also delayed and of higher
amplitude, however the b-wave amplitude was within normal values. In patient |, the b-wave in the LA3 ERG was slightly delayed,

but amplitude was normal.

addition, as expected, SD-OCT showed foveal outer reti-
nal layer defects in all patients, also explaining the FAF
findings.

KCNV2 gene is expressed in both cone and rod
photoreceptors.® Fundoscopic, FAF and OCT abnormali-
ties suggest that cones are more vulnerable to the del-
eterious effects of genetic variants than rods as they did
not show unequivocal signs of rod degeneration, such as
peripheral loss of RPE.*? PERG abnormalities are indica-
tive of severe macular involvement. On the other hand, full-
field ERG revealed a panretinal dysfunction in all affected
patients (Figure 2). These findings could suggest that rod
dysfunction may not be accompanied by rod degeneration
as opposed to what occurs with foveal cones.? It was pro-
posed that the retinal distribution of Muller cells could be
an important factor, as their regulatory and buffering effect

on the extracellular potassium is missing in the cone-rich
or foveal area, thereby making cones more vulnerable.®

A rare variant (p.Glu209Ter) was found in all studied
patients, being in homozygosity (in patients 1 and 2 and
in heterozygosity in the remaining patients (from the same
family). The aberrant transcript would lead, if translated,
to a premature termination codon, resulting in a severely
truncated KCNV2 protein and thus, in a nonfunctional
channel. The other variant (p.Argl153Gly) found was pre-
viously reported as a missense variant which may lead
to a KCNV2 protein with residual function, resulting in
a milder clinical phenotype. Unfortunately, our findings
do not allow us to establish correlations between genomic
data and prognosis, since patients 3 and 5 (siblings from
this family) showed, respectively, the more benign and
severe clinical abnormalities of our cohort. One study
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study demonstrated that 10 patients with homozygous or
compound heterozygous KCNV2 gene variants were ini-
tially diagnosed with another cone disease.”® Nine of these
10 patients were reclassified with CDSRR after reevalu-
ation. Initial misdiagnosis was a result of unawareness of
CDSRR and overlooking of typical features that could be
not present or be so evident as we demonstrated in our
study. It is important for the clinician to be fully familiar-
ized with the clinical and ERG characteristics of this dis-
ease, including the possibility of more subtle presentations,
in order to correctly refer cases for KCNV2 gene screening
and abbreviate more extensive sequencing panels.

Conclusion

This study describes the clinical features and the molecu-
lar genetic findings of a rare variant in the KCNV2 gene
in five Portuguese patients with retinal dysfunction. All
patients showed clinical progression of the disease, often
with severe central vision loss. The pathognomonic ERG
findings of CDSRR were not evident in all patients and this
study highlights the importance of a high degree of clinical
suspicion to establish the correct diagnosis. Moreover, the
confirmation of a molecular diagnosis allows for a better
genetic counseling and in the future maybe could be the
target of new therapies.
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