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Abstract

Background: To evaluate the long-term progression of autosomal recessive retinitis pigmentosa
(RP) due to mutations in K/Zusing multimodal imaging and a quantitative analytical approach.

Methods: Whole exome sequencing (WES) and targeted capture sequencing were used to
identify mutation. Fundus photography, short-wavelength autofluorescence (SW-AF), spectral-
domain optical coherence tomography (SD-OCT) imaging, and electroretinography (ERG) were
analyzed. Serial measurements of peripheral retinal pigment epithelium (RPE) atrophy area with
SW-AF, as well as the ellipsoid zone (EZ) width using SD-OCT were performed.

Results: Two homozygous variants in KIZ—a ¢.226C>T mutation as well as a previously
unreported ¢.119 122del AACT mutation—were identified in four unrelated patients. Fundus
examination and ERG revealed classic rod-cone dysfunction, and SD-OCT demonstrated outer
retinal atrophy with centrally preserved EZ line. SW-AF imaging revealed hyperautofluorescent
rings with surrounding parafoveal, mid-peripheral and widespread loss of autofluorescence. The
RPE atrophy area increased annually by 4.9%. Mean annual exponential rates of decline for K/.Z
patients were 8.5% for visual acuity and 15.9% for 30 Hz Flicker amplitude. The average annual
reduction distance of the EZ distance was 66.5 um per year.

CONTACT Stephen H. Tsang sht2@cumc.columbia.edu Jonas Children’s Vision Care and Bernard & Shirlee Brown Glaucoma
Laboratory, Edward S. Harkness Eye Institute, New York-Presbyterian Hospital, New York, NY.

Declaration of interest
The authors report no conflicts of interest. The authors alone are responsible for the content and writing of this article.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Linetal.

Keywords

Page 2

Conclusions: RPE atrophy progresses along with a loss of photoreceptors, and parafoveal RPE
hypoautofluorescence is commonly seen in K/Z-associated RP patients. K/Z-associated RP is an
early-onset severe rod-cone dystrophy.

KIZ; retinitis pigmentosa; genetic testing; disease progression; ciliopathy

Introduction

Retinitis pigmentosa (RP) is a heterogeneous category of retinal dystrophies that is
characterized by the degeneration of rods followed by gradual cone death. This condition is
typically attributed to mutations affecting photoreceptors or retinal pigment epithelial (RPE)
cells (1,2). The most common inheritance pattern for RP is autosomal recessive (50-60% of
all RP), followed by autosomal dominant (30-40%), and X-linked (5-15%) (1).

Kizuna Centrosomal Protein (K1Z; OMIM#615757) is a centrosomal substrate of Polo-like
kinase-1 (PLK1) that functions by regulating mitotic chromosome stability (3). Mutations in
the K/Zgene have been recently reported to cause autosomal recessive RP (arRP) in seven
individuals from five unrelated families (4-6). Patients with K/Z-associated RP exhibit
fundus features of typical RP, such as waxy pale optic disc, retinal vascular attenuation,

and bone spicule pigmentary changes along the arcades (4,5). However, how this ciliopathy
affects different cell types in the retina is unknown.

In this study, we present the clinical characteristics, genetic findings, and long-term
progression of four patients with RP caused by mutations in K/.Z.

Patients and methods

Approval from the Institutional Review Board (IRB) ethics committee at Columbia
University was obtained before undertaking this research project (IRB#AAAB6560).
Ophthalmic examination notes were retrospectively reviewed in patients. Best-corrected
visual acuity (BCVA), slit-lamp biomicroscopy, fundus examination, spectral-domain
optical coherence tomography (SD-OCT) scans through the fovea, and short-wavelength
fundus autofluorescence (SW-AF, 488 nm), were obtained in all four affected patients
with Spectralis HRA+OCT (Heidelberg Engineering, Heidelberg, Germany). Full-field
electroretinogram (ERG) testing was performed according to the International Society for
Clinical Electrophysiology of Vision (ISCEV) standards (7).

Genetic testing was performed in all four patients in this study, using either whole exome
sequencing (WES, A-11:2, B-11:1, and D-11:5) or targeted capture sequencing of 280 retinal
dystrophy-related genes (C-11:1).

The horizontal length of the intact ellipsoid zone (EZ) line in SD-OCT and the
hypoautofluorescent areas representative of RPE atrophy in SW-AF were measured using
ImageJ (Bethesda, MD, USA).
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Snellen BCVA was converted to logMAR units for comparison. LogMAR units were used to
quantify low vision, where hand motion = 2.0 (8). All analyses were performed using SPSS
Statistics for Windows, version 23 (IBM, Armonk, NY, USA).

This study includes four unrelated, K/Z-associated RP patients (A-11:2, B-11:1, C-11:1,
and D-11:5) with a mean age of 48 + 18.9 years (Figure 1). The homozygous variant
€.226C>T was identified in individuals A-11:2, C-11:1, and D-I1:5 (Figure 1). Individual
B-11:1 is the first reported patient to harbor a pathogenic homozygous disruptive variant
c.119 122delAACT. A summary of the affected individual genotypes is listed in Table 1.

The patients in this study exhibited chorioretinal phenotypes characteristic of RP (Figure 1).
All patients initially presented with night blindness followed by progressive constriction of
their visual field. Notably, three of the four patients (A-11:2, B-11:1, C-11:1) retained normal
visual acuity from the first visit. However, the visual acuity of patient D-11:5 deteriorated to
hand motion in both eyes by age 49 (Table 2), which suggests rapid photoreceptor death.
The mean annual exponential rate of decline for visual acuity in the K/Z patients in this
study was 8.5%.

In SD-OCT scans, the length of the EZ line (distance between the temporal to nasal
terminations of the band) was found to decrease in three patients (A-11:2, B-11:1, and
D-11:5) with disease progression (Figure 2a, Supplemental Tables 1-3). The average annual
reduction distance was 66.5 um per year. In SW-AF images, the area of RPE atrophy was
found to increase with disease progression (Figure 2b), with a mean annual increase of
4.9%.

ERG recordings were collected from three patients (A-11:2, B-11:1, and D-11:5) (Figure 3).
For A-I1:2 at 60 years of age and D-I1:5 at age 37 years of age, ERG rod responses of

the right eyes were almost undetectable. The mean 30-Hz response amplitude at the first
visit (18.6 LV) was reduced by 80.8% from the age-matched mean normal of 96.8 V.

The mean cone 30-Hz flicker implicit time (35.3 milliseconds) was significantly delayed
from the age-matched mean normal of 29.3 milliseconds. At their most recent visits, all
patients except B-11:1 (rod amplitude, 39.6 UV, OD; 43.3 LV, OS; data not shown) had
undetectable rod responses. A longitudinal study of individuals A-11:2 and D-I11:5 revealed
that the amplitudes of the 30-Hz Flicker exhibited a downward trend, the mean annual rates
of decline was 15.9%. These findings point to a severe, early-onset rod-cone dystrophy.

Discussion

The KIZ protein localizes to the outer nuclear layer of the retina, specifically the bottom of
the cilia and basal body of cilium-associated centrioles (4). To date, over 30 genes have been
reported to be associated with ciliopathy (RetNet: https://sph.uth.edu/retnet/), which can lead
to either non-syndromic or syndromic retinal degeneration. Here, we described the clinical
characteristics and disease progression of K/Z-associated RP.
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The presence of EZ has been reported to be associated with better visual acuity in RP
patients, and the absence of EZ may reflect a foveal dysfunction (9). In this study, the mean
annual exponential rate of decline for visual acuity in the patients with K/Zmutation in

this study was 8.5%. In particular, the visual acuity of patient D-11:5 significantly decreased
during the past eight years, which can be attributed to macular dystrophy, indicated by

the short remaining EZ line. It is worth noting that the visual acuity of the left eye of
patient B-11:1 was significantly reduced, but the EZ line length did not shorten faster than
his right eye. Patient B-11:1 had no other eye diseases beside RP. It is not clear whether

this is related to the deletion of important domains of the KI1Z by the mutation of deletion
(c.119_122delAACT) in patient B-11:1 rather than the missense mutation (¢.226C>T) in the
other three patients. Long-term observation and further study of KIZ are needed to elucidate
causative mechanisms.

The mean EZ line reduction distance was 66.5 um per year among all the patients with K/.Z
mutations in this study. Although the decreased rate was smaller than that of the previously

reported RP patients, the EZ line distance at the first visits was shorter than those found

in published studies (10-12). This indicates that photoreceptor atrophy had developed long

before the visual field loss among the patients in this study.

According to longitudinal data, all the patients with a K/Z mutation showed a significant
increase in the dark adaptation threshold, which suggests that night vision loss occurred
before the first visit. ERG rod response amplitudes were severely attenuated or extinguished.
The mean annual rate of decline in cone 30-Hz flicker response among patients with K/Z
mutations was 15.9%, which is higher than the average annual decline rate of 10% per year
that was reported among RP patients (13-16).

SW-AF images showed that area of RPE atrophy increased 4.9% annually among the
patients with K/Zmutations in this study. A previous study using wide-field FAF showed
that the extent of abnormal FAF is related to the visual field in patients with chorioretinitis;
and it was also suggested that, as in patients with RP, the location and size of the

scotoma correspond spatially to the area of abnormal FAF (17). We suspect that the RPE
atrophy area expansion rate can objectively reflect the visual function, and provide an
estimate of RP disease progression. Notably, individual C-11:1 exhibited preserved central
autofluorescence surrounded by a hyperautofluorescent ring of variable diameter at 21 years
old, while the other three patients (A:11-2, B:11-1 and D:11-5), in later stages of the disease,
have significantly more severe RPE atrophy concentrated in the peripheral region of the
hyperautofluorecent ring, indicating severe rod damage.

Consistent with these findings, K/Zis associated with severe phenotypes. Comparing with
other ciliopathy-associated arRP genes such as C2orf71, MAK and FAM161A, which are
characterized by milder RP phenotypes without macular involvement or steep progression
like K/Z(18-22). It is not clear why different ciliopathies have variable phenotypes; longer
courses of observation and further studies are necessary to elucidate this finding.

In summary, we observed progressive, arRP without syndromic features in patients with
missense or deletion mutations in K/Z. RPE atrophy appears to gradually increase along
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with a progressive loss of photoreceptors. Additionally, K/Z-associated RP patients are
commonly associated with parafoveal RPE hypoautofluorescence, as compared to non-
syndromic RP patients. K/Z-associated RP is a severe early-onset rod-cone dystrophy.

Supplementary Material
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Figure 1.

Early parafoveal RPE loss in four individuals affected with RP.

(a-d) Pedigrees of family A-D are demonstrated. Equal signs denote the wild-type allele,
square boxes indicate males, circles indicate females, and affected individuals are pointed
out in black. Arrows indicate the probands. Double-line indicates consanguineous marriages.
M1, and M2 depict the positions of the mutations identified in this study. (e-g) Images

of both eyes of A-11:2 at 62-year-old. Fundus imaging (e) shows attenuated vessels,

waxy pallor of the optic disc, atrophic changes and bone spicule pigmentation in the
midperiphery area. SW-AF (f) reveals a hyperautofluorescent ring surrounding the central
area of the macula with surrounding parafoveal and mid-peripheral severe flaky or fused
hypoautofluorescence. SD-OCT (g) reveals outer retinal atrophy with centrally preserved
RPE and ellipsoid zone (EZ) line, with hypertransmission outside the corresponding area of
choroid. (h-j) Images of both eyes of B-I1-1 at 60-year-old. Fundus imaging (h), SW-AF (i),
and SD-OCT (j) show moderate pigmentary changes in peripheral retina outside the vascular
arcades with hyperautofluorescent ring around the macular, and surrounding parafoveal

and mid-peripheral mottling hypoautofluorescence, as well as outer retinal atrophy with
centrally preserved RPE and EZ line, with hypertransmission outside the corresponding
area of choroid. (k-m) Images of both eyes of C-11:1 at 21-year-old. Fundus imaging (k),
SW-AF (1), and SD-OCT (m) show mild pigmentary changes in peripheral retina outside

the vascular arcades, and hyperautofluorescent ring around the macula with mild parafoveal
loss of autofluorescence, as well as thinning of the outer retina with centrally preserved RPE
and EZ line. (n-p) Images of both eyes of D-11:5 at 49-year-old. Fundus imaging (n) shows
severe pigmentary changes with bone spicule pigmentation, as well as attenuated vessels,
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and the waxy pallor of the optic disc. Hyperautofluorescent ring surrounding the normal-
looking macular and surrounding parafoveal and mid-peripheral severe flaky and mottling
hypoautofluorescence are seen on SW-AF (0). SD-OCT images (p) reveal outer retinal
atrophy with centrally preserved RPE and ellipsoid zone (EZ) line, with hypertransmission
outside the corresponding area of choroid.
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Figure 2.

Pr?)gressive Ellipsoid zone loss. () SD-OCT imaging in patients A-11:2, B-I1:1 and D-I1:5
of the first visit and last visit (right eye) what was interval between visits. Red arrows
show the boundaries of intact EZ lines. (b) SW-AF imaging in patients A-11:2, B-11:1 and
D-I1:5 of the first visit and last visits (left eye), accompanied by significant fusion and
punctate enlargement of the hypoautofluorescence area in the parafoveal, mid-peripheral,
and widespread retina within the disease course.
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Figure 3.

Relative cone-functional 30-Hz preservation. Full-field electroretinography (ffERG) in
patients A-11-2 (62-year-old), B-I1:1 (60-year-old), and D-I1:5 (49-year-old) with K/Z-
related retinitis pigmentosa. FFERG demonstrated that scotopic rod-specific responses

and photopic singe-flash responses were extinguished in patients A-11:2 and D-I1:5, with
diminished amplitudes in patient B-11:1. Maximal ERG and photopic 30-Hz amplitudes were
reduced in all the three patients.
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Table 1.

Summary of affected individual genotypes.

ID KIZ variant Protein consequence  Frequency of variant in control (gnomAD) database Prediction
A-11:12  ¢.226C>T p.Arg76Ter 0.0004433 Pathogenic
B-11:1  ¢.119_122delAACT  p.Lys40llefsTerl4 0.00003832 Pathogenic
C-1:11  ¢.226C>T p.Arg76Ter 0.0004433 Pathogenic
D-1I:5 ¢.226C>T p.Arg76Ter 0.0004433 Pathogenic
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Table 2.

Summary of ocular phenotype and demographics in patients studied.

ID

A-ll:2
B-1I:1
C-II:1
D-11:5

Ageof onset, sex  Ageat 1% visit

41, M
50, M
20,M
35, M

57
57
21
35

Ageat last visit
62
60
21
49

VA 18 RE/LE VAlast RE/LE

20/40, 20/50

20/30, 20/80

20/30, 20/25
20/150, 20/150

20/30, 20/40
20/60, 20/400
NA, NA

HM, HM

Ages are indicated in years.

Abbreviations are as follows: VA = visual acuity; LE = left eye; RE = right eye; HM = hand motion; NA = not available; M = male.
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