Retinal Cases and Brief Reports Publish Ahead of Print
DOI: 10.1097/1CB.0000000000001208

NPHP1Full Deletion Causes Nephronophthisis and a Cooe{Rystrophy

Zujaja Taugeer, M., Erin C. O’'Neil, M.D*?, Alexander J. Brucker, M.D, Tomas S. Aleman,

M.D.*?
Scheie Eye Institute

The Center for Advanced Retinal and Ocular TherfpgDepartment of Ophthalmology,

University of Pennsylvania, Philadelphia, Pennsylaa

Funding: Supported by grants from Foundation FrghBlindness, Hope for Vision, Macula
Vision Research Foundation, the Paul and EvanitlaMBekall Foundation Trust and The

Pennsylvania Lions Sight Conservation and Rese@wandation.

Declaration of Interest: No conflict of interestated to this work for any of the authors.

Corresponding author: Tomas S. Aleman, PerelmameCér Advanced Medicine, University
of Pennsylvania, 3400 Civic Center Boulevard, Riglphia, PA 19104. Tel: +1 215 662 8676;

Fax: +1 215 615 0527, Email: aleman@pennmedicieauo@du

Short title:NPHPL-associated cone-rod dystrophy

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



Precis

NPHPZlassociated retinal degeneration can present asearod dystrophy with relative foveal
preservation. This phenotype is increasingly recaghin other oculo-renal ciliopathies, such as
Bardet-Biedl and Alstrom syndromes, suggesting comor intersecting mechanism of disease.
This report also supports there may be a consibliertP I-retinal phenotype rather than

diversity.

Abstract:

Purpose: To describe in detail the structural amettional phenotype of a patient with cone-rod
dystrophy associated with a full deletion of teHP1gene.

Methods: A 30-year-old male with history of endggtaenal disease (ESRD) presented with
progressive vision loss in early adulthood promgpraluation for retinal disease. Ophthalmic
evaluation was performed including, kinetic field&ctroretinography (ERG), spectral domain
optical coherence tomography (SD-OCT), fundus dlutmrescence (FAF), wide-angle
fluorescein angiography and near infrared imaghiigrj.

Results: Visual acuity was 20/60 in each eye. Farekamination revealed a subtle bull's-eye
maculopathy confirmed with fundus autofluorescei®f2-OCT demonstrated perifoveal loss of
the outer retinal layers with structural presevatiurther peripherally. Testing of retinal
function confirmed loss of cone greater than ratsg#ities in a manner that co-localized to
structural findings. ERG revealed decreased photapd scotopic responses. Genetic testing

confirmed a homozygous whole gene deletion oNR&IP1gene.
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ConclusionNPHPZassociated retinal degeneration may present aserod dystrophy in

addition to the previously reported rod-predominamnotypes and can notably be associated

with systemic abnormalities, including renal disea3ur work further expands upon the

growing literature describing retinal disease asged with systemic ciliopathies.

Key words:NPHP1, Senior-Loken syndrome, ciliopathies, furalutsfluorescence cone-rod

dystrophy, OCT

INTRODUCTION

Inherited retinal degenerations (IRDs) may be dased with a number of systemic
findings including neurologic, cardiac, renal, drehring abnormalitiesPatients may present to
the eye clinic with isolated visual symptoms withistory of other organ dysfunction since

childhood, or with an established systemic diagntsat triggers the search for known

associated ocular findings. Among retinal diseag#s systemic associations, co-occurrence of

retinal degenerations with renal diseases is wadhkn, as exemplified by Bardet-Biedl, Senior-

Laken, Joubert, Jeune, Alstrdm, and Meckel-Grupedmmes® The eponyms describe a

molecularly heterogenous group of genetic condétiith variable severity of often overlapping

phenotypic features.

Nephronophthisis (NPHP), the associated renal sesgathese syndromes, comprises a

genetically heterogeneous autosomal recessive griodigeases with a typical presentation in
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childhood with fatigue and inability to concentratene causing polyuria and polydipsia, with
ultrasound and histological evidence of cystic kiglthangeS The disease arises from
dysfunction of the primary cilia in renal epithél@lls, caused by defects in genes that are
essential for the normal development, maintenaaue function of the primary cilif. The
disease accounts for a significant proportion af-stage renal disease, particularly in children
and adolescents, although adult-onset renal diseasbeen reportéd-* NPHP is caused by
mutations in one of 1BIPHP genes, with 9 of these recognized to affect thieaeThe largest
proportion of NPHP cases is caused by mutatiodFRP1on 213 (OMIM 607100), a gene
that encodes nephrocystingn evolutionarily conserved, ubiguitously expregsexdein that
localizes to the transition zone of primary cilidaaffects cells throughout the body ranging
from the hair cells of the middle ear, to renatleglial cells to the connecting cilium of
photoreceptors; nephrocystin-1 is linked to othBIH® proteins through macromolecular
complexes: ****In photoreceptors, rnephrocystin-1 plays a critiod in intraflagellar
transport’ *> °Extra-renal manifestations are less frequedmiPl-associated
nephronophthisis than in othPHP gene-associated diseadd®HP1associated renal disease
includes retinal abnormalities or vision loss imat10-23% of the patients, depending on the
source; other associations include Joubert syndrtivee fibrosis (8%), and congenital
oculomotor apraxia’™*®

There Is paucity of descriptions of the retinal pbitgpe associated witiPHP1
mutations, which contrasts with the wealth of dggimms of the associated renal disease.
Reported phenotypes include early-onset and seggnal degenerations associated with
Senior-Loken syndrome, with pigmentary retinopatukassified as retinitis classic pigmentosa

(RP) or patterns interpreted as ‘sectoral’ RP,aqysius and severe vision loss in infancy
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characteristic of Leber congenital amaurosis (LG&)well as milder manifestations with central
abnormalities and cone dysfunction classified am$oof cone-rod dystropHy? % 2024

In this report, we characterize in detail the r@tiphenotype of a patient with a full
deletion ofNPHP1who presented with a history of end-stage rena&adie and visual symptoms
since early adulthootf. Through characterizing in detail the structural amctional phenotype
of our patient, we hope to increase understandirigeopathophysiology diPHPXassociated
retinal disease as well as of related ciliopathidseases arising from mutated proteins in
primary cilia—with retinal and renal involvemencluding Senior-Loken and Bardet-Bied|
syndromes.
METHODS

This is a retrospective review of the clinical retof a patient seen as part of standard of
care. The visit adhered to HIPAA regulations angatsonal identifiers have been removed.
The patient underwent a complete ophthalmic examimaGoldmann kinetic fields, and
Farnsworth D-15 color vision testing. Wide anglé@? fundus imaging was performed using a
scanning laser system (Optos Inc. Marlborough, M8pectral-domain optical coherence
tomography (SD-OCT) and fundus autofluorescence=jR#aging using near infrared (NIR,
786 nm) and short wavelength (SW, 488 nm) excitdights (emission: NIR = 810-900 nm;
SW through barrier filter = 500-680 nm) were pemfied using a Spectralis-HRA system
(Heidelberg Engineering GmbH, Heidelberg, GermaBggmentation of the SD-OCT was
performed with ImageJ analysis software [availabléne public domain at
https://imagej.nih.gov/ij/download.html]. Achromatnd chromatic (500 nm and 650 nm) static
perimetry were performed using a modified HumpHfeld Analyzer (Carl Zeiss Meditec,

Dublin, CA), following published methodolodyThresholds were measured along the horizontal
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meridian at 2° intervals, extending to 30° of eddeity, corresponding to the retinal region
scanned with SD-OCT as detailed above. Standarfiéld electroretinograms (ERGs) were
recorded using a computer-based system (Espiognbsys LLC, Littleton, MA). Dark-
adapted rod-mediated responses (‘DA 0.01 protaget elicited with a dim white flash (0.01
cd.s.nf); dark-adapted mixed cone-rod responses (‘DA 8 elicited with a standard flash
(3.0 cd.s.iM); light-adapted cone-mediated responses wereegligiith the same stimulus in
response to 1 Hz stimulation or a 30 Hz flicker.

RESULTS

A 30-year-old male of Egyptian descent presented slowly progressive decline in
central vision in both eyes, with onset beginninguad 20 years of age. He had been fitted with
glasses around age 11. He was told at a younghagglasses ‘would not help his vision’ but
was not formally diagnosed with a retinal diseas®l thereafter had limited follow-up with eye
care providers due to ongoing treatment for hismlemunderlying medical conditions. He was
formally examined in his early 20s for difficultisseing in daytime and in brightly illuminated
places and a diagnosis of a cone dystrophy wastaim&d. Notably, he completed
undergraduate education without major visual litrotas.

His medical history was notable for onset of erafystrenal disease (ESRD) at age 11,
the etiology of which was never uncovered, butalayi attributed to “glomerulonephritis” and
“autoimmune kidney disease” later in life while\was being monitored for dialysis and
evaluated for kidney transplantation. The courski®fenal disease was complicated by two
failed renal transplants - a living donor kidnegrisplant from his father at age 12, which was
explanted due to graft failure 2 months later, amtbceased donor kidney transplant as an adult,

explanted in the immediate post-operative periog tdua pseudoaneurysm of the external iliac-
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renal artery anastomosis. He underwent nephrectfrage native kidney as an adult for renal
cell carcinoma, uncovered during surveillance tgstvhile receiving treatment for Hepatitis C.
Renal pathology demonstrated findings consistetit aéquired cystic disease. In the interim, he
remained stable on dialysis, however, the undeglgitiology of his juvenile-onset ESRD
remained undiagnosed. His review of systems waativegfor deafness, polydactyly, abnormal
cognition, seizures, ataxia or dysarthria, heagae or arrhythmias, abnormal dentition or
dysmorphic facies, abnormal bruising or bleedinfreguent infections, or gastrointestinal
issues. Family history was notable for parentakaoiguinity (maternal and paternal grandfathers
were brothers); there were no known relatives wislnal complaints or renal problems (see
pedigree, Supplemental Figure 1, http:/links.lwomZlICB/A150). Family members were not
available for formal renal or ophthalmologic exams.

On exam, best corrected visual acuity was 20/Gfach eye (spherical equivalent = 0.50
D in each eye). Anterior segment examination wasmarkable. Extraocular motility was full.
Fundus examination showed healthy appearing opticas and vessels in both eyes. There was
a grayish appearance of the retinal pigment ejutimein the pericentral and near-midperipheral
retina, most obvious in the temporal and nasahagiFig. 1A whitearrows). Wide-angle, short
wavelength fundus autofluorescence (SW-FAF) shawgerautofluorescence in the parafovea
and along an oval band at the eccentricity of gxular arcades (Fig. 1A, right panel). Just
nasal to the nerve there was also an area of hypihaarescence (Fig. 1Ahort white arrowy.
For comparison, conventional normal SW-FAF imagespeaovided which are centered by a
small (~2° diameter) dark region at the foveal eemthich is the result of absorption of the SW
illumination by macular pigment (Fig. 1Rft panel, insgt An annular region (extending to ~5°

from the fovea) of relatively low AF intensity saunds this dark center, which is in turn
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surrounded by the highest SW-AF intensities 10°€dgentric from the foveal center, which
corresponds with the area of highest retinal pigreeithelium (RPE) lipofuscin conteftt.

Closer inspection of the central SW-FAF images ftbhmpatient revealed the two bands of SW-
hyperautofluorescence separated by normally appgparicentral retina (Fig. 1Beft panel,
yellow arrowg. Normal NIR-FAF imaging is shown to demonstrdie ¢xpected appearance of a
broad (~10° diameter) region of higher intensignail that surrounds a maximum at the foveal
center caused by higher RPE melanin content atdbation (Fig.1Bright panel, inset® In

this patient’s case, the parafoveal annulus wastaypofluorescent on both NIR-FAF imaging
(Fig. 1B) and SW-FAF imaging, as discussed preWjo@3n NIR-FAF, a hypoautofluorescent
foveal center is surrounded by the hyperfluorespardfoveal annulus, which is in turn
surrounded by a dense pericentral region of hymdlarescence that is delimited temporally
from normal appearing midperipheral retina by a thyperautofluorescent line (Fig.1Bght
pane).

A 9 mm-long horizontal SD-OCT cross-section frora fbvea into temporal retina
demonstrates a thin foveal center (98 um; nornZ8B® = 225 + 28 um) (Fig.1C). The outer
nuclear layer (ONL) is detectable across the estiesn but is thinner than normal at the fovea
(45 um; normal + 2SD = 106 + 17 um), and is nearlgietectable in the pericentral retina, but
shows a gradual return to normal thickness (34pormal £ 2SD = 46 £ 15 pm) at ~6 mm from
the foveal center. A faint interdigitation sign&t)is only detectable at greater distance from the
center, suggesting loss of the photoreceptor @agments (POS) and photoreceptors in the
central retina (Fig. 1C). The inner segment elligsegion band (EZ) is detectable at the foveola
and in the pericentral and peripheral regions (&g The hyperautofluorescent parafoveal

annulus seen on SW-FAF and NIR-FAF correspondseadransition in ONL thickness and loss
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of the EZ signal in the parafovea (Fig. Mhite arrow3. The peripheral transition to better
lamination and thickness at the temporal retinaddes with the hyperautofluorescent linear
boundary in the NIR-FAF image (Fig. 1B,lGng yellow arrow.

Color vision measured with a Farnsworth-Munsell 4§ showed multiple major errors
with a tritan axis of confusion in the right eydathwut a defined axis in the left eye (Fig. 2A).
Goldmann kinetic visual fields measured with a Vstienuli were full in peripheral extent with a
pericentral absolute scotoma that spared fixatidooth eyes; visual fields were limited to small
inferior midperipheral islands when measured wlign $mallest (I-4e) target (Fig. 2B). A full-
field electroretinogram (ffFERG) showed abnorma#iguced amplitudes for both rod and cone-
mediated responses with proportionally greater ddsone mediated function (Fig. 2C). Rod
ERGs elicited with a dim white flash were reduce@%5% of the normal b-wave amplitudes (60
pHV; normal £ 2SD = 250 = 143 pV), whereas cone ERGssponse to a 30Hz flicker showed
greater reductions in amplitude at only 16% of ralr(h7 uV; normal = 107 £33 pV) (Fig 2C).
Rod- and cone-mediated function was also measuitacctwomatic static perimetry (dark-
adapted with 500 nm and 650 nm; light-adapted awhtia stimulus) (Fig. 2D). Mediation by
rod or cone photoreceptors was determined by cangpdark-adapted sensitivities to the 500
nm and 650 nm stimuli. Sensitivities were measate?f intervals along the horizontal meridian
co-localizing with the regions scanned with SD-OGensitivity profiles revealed a central
island of severely reduced cone-mediated functigref least a log unit) separated from a nasal
field island of near-normal rod vision with abnotroane function (Fig. 2B).

The patient’s retinal dysfunction in associatiothais systemic disease raised suspicion
for a syndromic IRD. Targeted gene sequencing (BgnRBetinal Dystrophy Xpanded Test, 770

genes, Gaithersburg, Maryland, USA) detected a gguus deletion of the entidPHP1gene
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on locus 2g13, as has been reported in associaiibriNPHP* Other variants detected
consisted of a missense variation in exon 8 oMBAN gene (p.Thr1889lle (ACA > ATA):
c.5666 C>T); m silicogene analysis predicted no alteration of proteuncstire or function.
There were no other homozygous combinations ofg&newn to cause recessively inherited
retinal degenerations. MRI imaging of the brain wadertaken and revealed mild atrophy of the
superior cerebellum without the ‘molar tooth sigatebellar vermis abnormality that is
characteristic of Joubert Syndrome (Supplementalr&i 2, http://links.lww.com/ICB/A158).
DISCUSSION

Reports to date of the retinal phenotype associaitdNPHP1 are mostly limited to
denoting the general phenotypic category the pistimay be belong to, likely due to the
considerably greater focus on the renal diseasiehvig well-known in the literature and is the
most common genetic cause of end-stage renal éiseakildhood and early adulthood. The
descriptions of the associated retinal diseaseerénogn early and severe photoreceptor
degenerations as classically described.in Senigeh@yndrome, to pigmentary retinopathies
that may be classified as belonging to the umbdidgnostic group of RP, and even instances
where the retinal disease may be subtle or relgtagymptomatié: * > % 2°‘An important
guestion is whether the retinal phenotypes reptgdgmnotypic diversity, or a common
phenotype modulated by disease severity, and tpsmdient on the window in time within the
natural history of the disease when diagnosis idan@he patient reported herein presented with
hemeralopia or poor central vision in photopic dbads in early adulthood, but may have been
symptomatic from earlier in life. Multimodal imagjrshowed a severe central to near
midperipheral photoreceptor degeneration with atinedly spared fovea, which supported

sufficient foveal vision that allowed the patieatdope with his visual symptoms and function
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independently well into the fourth decade of IBightly greater cone relative to rod
photoreceptor dysfunction was confirmed by fulldi&RGs, and locally severe pericentral rod
and cone dysfunction determined by dark-adapteidheéty correlated with severe
photoreceptor loss on SD-OCT. This phenotype isistent with subtypes of cone-rod
dystrophies, including a report NPHPL-associated IRD, explains pauci-symptomatiRHP -
associated retinal disease as foveal vision maupported by relative spared foveal centers,
and closely resembles the regional pattern of deseacently documented in tWiPHP1-
associated IRD cases interpreted as Senior-Lgkairaye associated with ‘sectoral RP?"
2627 our findings suggest there may be indeed pherotygisistency ilNPHP -associated
disease as a CRD or predominantly central photptecedegeneration modulated by disease
severity into apparently dissimilar phenotypes.

NPHPZl-associated retinal degeneration may be addecktlstiof ciliopathies—diseases
arising from genetic defects in proteins of themnany cilia—that have systemic manifestations
and show a predominantly central to near midpergdidisease and/or a CRD pattern of
dysfunction. The list includes AlstronNPP5Eassociated retinopathies (isolated or as part of
Joubert syndrome), Jalili; Lawrence-Moon, and BaBied| syndromes (Supplemental Tables,
http://links.lww.com/ICB/A149Y. Underrepresentation of the central to near migbexrial
photoreceptor degeneration pattern inKiHP Lliterature may either represent true phenotypic
diversity, or be due to extension of a predomircamtral disease into a retina-wide degeneration.
By the time the disease presents symptomaticallgaalier cone>rod phenotype may have
converged into a severe, retina-wide rod and ctieéopeceptor degeneration associated with a
pigmentary retinopathy indistinguishable from ‘RPhis ‘morphing’ sequence may be better

recognized with earlier molecular diagnoses andacterization of minimally symptomatic
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(visually) individuals in the setting ®#PHPl-associated (‘isolated’) renal disease using
multimodal structural and functional testiffg®® It may be informative to use specialized testing,
such as full-field psychophysics, to ask if theesewetina-wide disease previously reported with
NPHP1XLCA/Senior-Lgken syndrome may represent the sesedeof the spectrum of the
phenotype described herein.

Whereas intraretinal variation in disease sevésigommon in IRD, it is unclear why
should there be such a predilection for centralifeatations in certain subtypes, as exemplified
in our patient. Multimodal imaging showed an owadion of central abnormalities extending
along the horizontal axis, beyond the eccentrigftihe optic nerve. NIR-FAF showed a heavily
demelanized hypoautofluorescent pericentral rehiafiwas not obvious on fundus exam, and
which contrasted with a hyperautofluorescent patter SW-FAF within the same region. The
inner (toward the foveal center) and outer boureganf this region corresponded to a transition
from severely thinned ONL with shorten or absertepsegments (undetectable EZ and/or 1Z) to
a more normal appearance on the OCT cross-sectrons abnormal to normal fundus
autofluorescent patterns for both excitation ligltsd from severely depressed cone>rod
sensitivities to better vision on co-localized, temor, dark-adapted sensitivity profiles. This
horizontal asymmetry is reminiscent of the nasdigplaced cone densities described by
histology where cone densities extend more aloadntrizontal meridian, particularly toward
the nasal retin& The topography has been described in molecularBrse forms of IRDs with
a central predilection, in twWdPHP Lassociated cases interpreted as sector RP, aaswall
CNNM4associated Jalili syndrome, a genetic disease améstically linked tdQCBYNPHPS
a gene that when mutated is invariably associatddSenior-Lgken syndrome (Supplemental

Tables)* #*

12

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



The FAF topography suggests that the loss of code@d photoreceptor within this
region may lead to, or be associated with, the ddsse melanin signal originating from
otherwise detectable RPE cells that still contgiaflscin, the main fluorophore underlying the
SW-FAF signaf® It is also possible that the central apparent taypefluorescence on SW-FAF
may originate from reduced ‘screening’ of the in@agnSW excitation light by shortened or
absent photoreceptor outer segments with resudtaater transmission of RPE lipofuscin
autofluorescence, in addition to overload of thé&eREIl by shed outer segments as the result of
the photoreceptor degeneration. This dissociatewéen NIR- and SW-FAF has been
documented in a number of retinopathies with aia@mt or primary involvement of the RPE
in their pathophysiology® The pattern of RPE demelanizatiorNRHPLIRD may reflect a
failure of the mutual interdependence of photoremspand RPE cells in this region of higher
combined rod and cone photoreceptor densitfés.

Senior-Lgken syndrome describes an autosomal ieeesssociation of NPHP and a
childhood-onset retinal degeneration, within thecspum of Leber Congenital Amauro$is.In
the literature, however, the syndrome has becomengymous to the association between NPHP
and IRDs in the absence of other systemic abnotiegliThe patient in this report is an example,
as the retinal manifestations does not match tiggnat description of Senior-Lgken syndrome.
In this era of precise molecular diagnoses, it tmaynore accurate to denote the disease as an
NPHPlassociated oculo-renal syndrome, part of a geadtibeterogenous disorders with
various eponyms. The underlying commonality betweginal and renal abnormalities in most
of the molecular causes within this group of candg is an abnormality at the primary cilia,
such as disrupted protein trafficking and abnorfoahation, maintenance, and function of the

photoreceptors outer segment and the cilia of rertallar cells. Nephrocystin-1 localizes to the
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connecting cilium in close proximity to the basatlies, curiously, where BBS proteins co-
localize!? **This is notable aBBSmutations cause Bardet-Bied| syndrome, probalsbtst
known of the oculo-renal syndromes with potentialynmon mechanismt The failure in
protein compartmentalization within the photoreoejiner and outer segment presumably
triggers apoptotic signals that ultimately causetima-wide photoreceptor degenerattén.
Molecular investigations have not, for the most palucidated how a ciliopathy may contribute
to a rod versus cone predominant disease or whylélizere be involvement of the central
retina. The sources of the pattern of functional stnuctural abnormalities INHPH1-Senior-
Lgken syndrome and in a number of clinically anawatecularly related conditions certainly
deserves further exploration as they may be thadkeyveil common mechanisms and

hopefully treatments for both the renal as wellhesretinal disease.
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FIGURE LEGENDS

FIGURE 1. En-face multimodal and cross-sectional imaging patient with a full deletion of
NPHP1 A. Wide angle color fundus photography and fundusfaudrescence elicited with
short-wavelength (SW-FAF) excitation light. Whitgusire delimits a 30° field, green line is the
position of the SD-OCT scan, described in B andeSpectivelyB. Central (30°) SW- and near-
infrared (NIR) fundus autofluorescence (FAF) imagin the patient. Normal SW-FAF and

NIR-FAF images are shown as insets. Arrows of diffé length delimit hyper-autofluorescent
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regions (short = central limit, long arrow = pempal limit) in the parafoveanhite arrow3 and
pericentral yellow arrows retina.C. SD-OCT horizontal, 9 mm cross sections throughfdlea
and into the temporal retina in the patient. Treatmn of the scan is denoted with a green arrow
in (A). A magnified section from the temporal retim a normal subject is shown as an-inset for
comparison. Nuclear layers are labeled: outer andéger = ONL, inner nuclear layer = INL,
ganglion cell layer = GCL. Outer retinal sublamiraae labelleddiagonal arrow$ according to
conventional nomenclature: 1. Outer limiting menmigréOLM), 2. Inner segment ellipsoid
region (ISe or EZ), 3. The contact cylinder betwtgenapical RPE microvilli and the
photoreceptor outer segments tips, or interdigitaione (12), 4. Basal RPE and Bruch’s
membrane (RPE/BrM). Vertical yellow arrows in thegipnts denote juxtafoveal segment with
abrupt outer retinal (OLM, EZ and 1Z) and FAF chesdVhite arrowsa denote segment
between the point where the Eshort arrow) and OLM (ong arrow) become undiscernible that
corresponds to a hyper-autofluorescent parafovaaldn SW- and NIR-FAF imaging in (B).
The longyellow arrowpoints to-a location ~6 mm from the foveal centbere the retina
transitions from retina with a thinned ONL and atideZ to a near-normal appearance that
corresponds to the thin peripheral hyper-autoflsceat line on NIR-FAF in (B). The pericentral
retina with thinned ONL and non-discernible EZ andetween the two long arrows
corresponds to the region with either normal oreased (more peripherally) SW-FAF, but
deeply depigmented hypo-autofluorescent retina i+lAF in (B). Scale bar to the left. T,

temporal.

FIGURE 2. Visual function in a patient with a full deletiah NPHP1 A. Color vision

measured with a Farnsworth-Munsell D15 test. Lommect the order of the caps as ordered by
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the patient. The normal result is a circle witlet §lit (between cap 15 and the reference dap).
Kinetic visual fields in the patient. Right eye @) and (B) is displayed on the right per
conventionC. Standard full-field ERGs in the patient comparethwa representative normal
subject (gray tracesl. Light-adapted achromatic and dark-adapted chr@n(@fi0 nm)

horizontal sensitivity profiles in the patient coanpd with the normal range of sensitivity (gray
bands = normal mean + 2SD). Photoreceptor medi&idetermined with the use of spectral
sensitivity (500 nm - 650 nm) differences. When sugable, sensitivities were mediated by rods
except at the normally cone-mediated foveal cqisteswn as a gap in the dark-adapted

sensitivity profile). Hatched bars denote the larabf the blind spot. N, nasal. T, Temporal.
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Figure 1
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Figure 2
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