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Abstract
Purpose—To phenotype a family with RHO (Asp190Asn or D190N) dominantly inherited retinitis
pigmentosa (RP) and to describe an approach to surveying affected families.

Methods—Four patients from a family with a history of autosomal dominant RP had complete
clinical examinations and underwent full-field electroretinography (ERG), fundus autofluorescence
(AF) imaging, and genetic testing. One patient had microperimetry (MP) mapping.

Results—The patients’ ages ranged from 6 years old to 47 years old. The proband, the father, had
fundoscopic findings typical of RP. A small, hyperfluorescent ring centered at the fovea was apparent
on AF. MP showed preservation of central 7 degrees of visual field within this ring. The three children
were all asymptomatic with visual acuity of 20/15 in each eye. One child had mild retinal pigment
epithelium migration on fundoscopy; the other two children had normal fundoscopic examinations.
Two children showed increased parafoveal AF. In the two affected children, average ERG b-wave
implicit times were delayed in scotopic conditions and maximal ERG tracings had abnormal
waveforms. Genetic analysis confirmed that two of three asymptomatic children carried the D190N
allele.

Conclusions—Patients with RHO (D190N) adRP can show classic signs of RP on fundus
examination and may be able to maintain good central visual acuity into adulthood. By combining
clinical examination with AF imaging and electrophysiology, it is possible to offer presymptomatic
clinical evaluation to families with this RP.
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Introduction
Retinitis pigmentosa (RP), with an incidence of 1/4000 in the United States, is a generalized
rod-cone degeneration that begins with decreased peripheral vision and night blindness and
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progresses to central vision loss 1, 2. The inheritance pattern of non-syndromic RP is autosomal
dominant in about 20% of patients 3. In a survey of 200 families with autosomal dominant
retinitis pigmentosa (adRP), the genetic defect was known in 54% of patients and mutations
in rhodopsin (RHO) accounted for approximately half of these cases 4.

RHO is a G-protein-coupled receptor that initiates the phototransduction cascade in rods 5–
10. The substitution of aspartic acid by asparagine (Asp190Asn or D190N) is one of four
thermally unstable RHO mutations (Asp190Asn, Thr94Ile, Gly51Val, and Ser186Trp) that
cause RP 11, 12. Photoreceptor degeneration in both vitamin A deficiency and these thermally
unstable RHO mutations is a consequence of false signaling between RHO and
phosphodiesterase (PDE) in the dark 13–15. In a normal retina, low RHO dark noise level allows
rod photoreceptors to detect a single photon.

RP can be difficult to diagnose in children because it is slowly progressive and presents in
different ways. Autosomal dominant RP is typically diagnosed later and people can seem
unaffected for most of their childhood. In this report, we genotype and phenotype a family with
adRP at varying stages of disease.

Materials and methods
Patients were enrolled with the approval of the Institutional Review Board of Columbia
University (protocol IRB-AAAB6560). The tenets of the Declaration of Helsinki were
followed. All patients had a full history and dilated ophthalmic examination by a retina
attending. Old records were reviewed when indicated.

Fundus autofluorescence (AF) imaging was obtained using scanning laser ophthalmoscopy
(HRA2, Heidelberg Engineering, Heidelberg, Germany) by illuminating the fundus with argon
laser light (488 nm) and viewing the resultant fluorescence through a band pass filter with a
short wavelength cut off at 495 nm 16–19.

MP-1 microperimetry (MP, Nidek Technologies, Padova, Italy) under photopic conditions was
done with a 1-degree fixation target using a 10-2 pattern to test macular sensitivity. For each
test point location, light sensitivity threshold values were recorded with a white background
light and luminance set at 1.27 cd/m2. Units of sensitivity were recorded from 0 dB (400 asb,
127 cd/m2) to 20 dB (4 asb, 1.27 cd/m2).

Pupils were dilated using tropicamide 1% and phenylephrine hydrochloride 2.5% prior to
electrophysiological testing. Full-field electroretinogram (ERG) to test retinal function was
performed using extended testing protocols using the International Society for Clinical
Electrophysiology of Vision (ISCEV) standards 20. The protocol included rod-specific and
standard bright flash ERG, both recorded after a minimum of 20 minutes dark adaptation.
Following 10 minutes light adaptation, the photopic 30 Hz Flicker cone and transient photopic
cone ERG were recorded20.

Deoxyribonucleic acid (DNA) was extracted from serum blood of three patients. Genetic
testing was done with direct sequencing of blood as previously described 16, 21. Extracted
genomic DNAs were assessed by denaturing high pressure liquid chromatography (DHPLC)
and direct sequencing of polymerase chain reaction (PCR) products from all the coding exons
including splice junctions.

Primers (5’-3’) used for RHO screening are as follows: exon 1 ctgcagcggggattaatatg (forward),
ggacaggagaagggagaagg (reverse); exon 2 ggttgccttcctagctaccc (forward), ctaccctgagtgggcatttg
(reverse); exons 3,4 gaatgtgaagccccagaaag (forward), ccctgggaagtagcttgtcc (reverse), exon 5-1
tcactaacgtgccagttcc (forward); exon 5-2 ttaaaaacctgccccaaggt (reverse), exon 5-3
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ttactatgattatcacctcc (forward); exon 5-4 agaggtgacaaagcttgttt (reverse). Both DNA single
strands were sequenced to confirm base pair change.

Results
Case 1

The proband was a 47 year old man who had a history of poor vision and night blindness for
twenty-five years. His mother had a history of nyctalopia and vision loss more severe and of
earlier onset than his own. He had been enrolled in the National Institute of Health’s
Randomized Clinical Trial for Retinitis Pigmentosa and was known to carry a RHO, D190N
mutation. The patient had been taking oral vitamin A supplements (15,000 IU/day) for 20 years.
The family was most interested in finding out if any of three children were affected with adRP.

The patient also had a history of herpes simplex keratitis in his left eye which was treated with
topical steroids. He then developed steroid induced glaucoma and underwent a trabeculectomy.
On exam, his vision was 20/25 OD and 20/80 OS. Intraocular pressures were 14 mmHg OS
and 5 mmHg OD. Slit lamp exam showed an elevated filtering bleb in the superotemporal
quadrant of the left eye with a posterior intraocular lens.

Dilated fundus exam showed optic nerve pallor with attenuated arterioles and retinal pigment
epithelium (RPE) migration in the mid-periphery of both eyes (Figure 1A). His right eye had
an incidental choroidal nevus along the inferior temporal arcade. AF showed a small ring of
high-density hyperfluorescence (Figure 2A), which correlated to a central field threshold
elevation as measured by MP (Figure 3).

Full-field ERG, followed regularly since 1985, showed that rod responses were more severely
decreased than cone responses, consistent with late stage rod-cone dystrophy. When compared
over time, his photopic 30-Hz flicker ERG decreased by about an average of 3% per year.
Amplitudes (in microvolts) of his photopic 30-Hz flicker ERGs were 19.4 in 1985, 8.54 in
1994, 13.7 in 1996, 14.51 in 1997, 15.1 in 1998, 10.3 in 1999, 10.8 in 2000, and 10.2 in 2001.

Case 2
The 11 year old son of the above patient was asymptomatic. Visual acuity was 20/15 in each
eye. Eyes were orthophoric with cover testing. Anterior exam was unremarkable. Dilated
fundus exam showed attenuated arterioles and mild, early retinal pigment migration in the mid-
peripheral retina (Figure 1B). Mean ERG from both eyes showed a delayed b-wave implicit
time at 99.5 ms (normal=96 ms) under scotopic conditions with no delay under photopic
conditions (Table 1). The maximal scotopic b-wave had an abnormally broad peak (Figure 4).
AF imaging revealed large hyperfluorescent rings in both maculas (Figure 2B). These areas
did not correlate to any fundoscopic abnormalities. Genetic testing was positive for D190N
(Figure 5).

Case 3
The 9 year old son had visual acuity of 20/15 in each eye. Eyes were orthophoric with cover
testing. Anterior segment was normal and dilated fundus exam revealed a healthy foveal reflex
and well appearing optic nerves (Figure 1C). ERG had normal implicit times in both scotopic
and photopic conditions with normal waveforms (Table 1, Figure 4). AF imaging was also
normal (Figure 2C). Genetic testing was negative for D190N (Figure 5).

Case 4
The 7 year old son was asymptomatic. Visual acuity was 20/15 in each eye. Eyes were
orthophoric with cover testing. Anterior exam was unremarkable and dilated exam showed a
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healthy foveal reflex without optic nerve pallor (Figure 1D). However, mean ERG from both
eyes showed a delayed b-wave scotopic implicit time of 110 ms (normal= 96 ms) and normal
b-wave photopic implicit time (Table 1). Furthermore, the maximal scotopic b-wave had an
abnormal waveform (Figure 4). AF imaging showed a large high-density hyperfluorescent ring
(Figure 2D) similar to case 2. Genetic testing was positive for D190N (Figure 5).

Discussion
This is the first report to make genotype-phenotype correlations in patients with the RHO,
D190N mutation. We studied four members of a family with adRP over two generations and
across three decades.

Presymptomatic diagnosis may be important for families of children with retinal dystrophies
as the uncertainty of disease may be more frustrating than knowing and being able to prepare.
In this study, all children were asymptomatic, and the eldest son had a small amount of
intraretinal pigment migration on fundoscopic examination. However, the diagnosis was made
in two of three children based on AF and ERG. They had parafoveal rings of increased
fluorescence on AF 22. Case 4 is unique in that standard history and clinical examination were
both unremarkable. The diagnosis of disease was only suspected based on family history and
imaging with AF.

It is often challenging to obtain reliable ERG results in children with retinal dystrophies, partly
because the normative values of healthy, cooperative children are not readily available in most
diagnostic centers. Our study suggests that AF imaging can be more child-friendly in
diagnosing and prognosticating young, asymptomatic children with RP. One consistent finding
in our affected patients, as proven with genetic testing, is that there was a delay in b-wave
implicit times under scotopic conditions with normal b-wave implicit times under photopic
conditions when compared with normative adult values (Table 1). In addition, the two affected
children have abnormal waveforms as demonstrated 23, 24

We confirmed our clinical impressions with DNA sequencing analyses of the RHO gene. In
current practice, most cases of RP are diagnosed solely on clinical methods without the benefit
of molecular confirmation. The recently developed microarray gene chip is attempting to make
molecular diagnosis of RP more efficient and cost-effective 25. In the era of emerging gene
therapy for retinal dystrophies 26, 27, the molecular diagnosis of RP for every patient becomes
more clinically relevant. Genotype-phenotype correlations as described in this paper will
contribute to more cost-efficient genotyping in the future.

The differential diagnosis for AF rings includes rod-cone dystrophies, cone-rod dystrophies,
and macular toxicity such as with hydroxychloroquine 28. In patients with retinal dystrophies,
the hyperfluorescent rings may be due to early cellular dysfunction and overproduction of
lipofuscin 29, 30. Autofluorescence can be useful to monitor disease progression in patients
with retinal dystrophies 30. In this family the affected sons have large rings and are
asymptomatic. The father has a 4-degree hyperfluorescent ring which corresponds to a
constricted visual field as demonstrated by MP.

This is the first report to phenotype D190N patients whose rate of progression appears to be
similar to other individuals with RHO mutations but milder than individuals with simplex RP
24, 31–34. The proband’s 30-Hz flicker ERG showed a decline of 3% per year rather than the
10% per year decline that has been observed in most other RP patients 12, 32, 35. Mutations
that affect RHO transport tend to manifest as more severe degenerations than D190N, which
prolongs RHO signaling 11, 12. It has also been suggested that cytoplasmic and extracellular
mutations in RHO such as D190N have less severe pheontypes than transmembrane mutations
36.
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In summary, our report phenotypes a spectrum of adRP due to RHO, D190N in a family with
three affected members. Our case series also highlights the importance of using AF with ERG
in evaluating young, presymptomatic children with RP.
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Figure 1. Color fundus photographs
A. 47 year old man with D190N adRP, right eye. Optic nerve has mild pallor and there is
extensive intraretinal pigment migration in the mid-periphery. Note the incidental choroidal
nevus 3.9 × 3.36 mm along the inferotemporal arcade.
B. 11 year old son affected with adRP, left eye. Note the mild RPE migration inferonasally.
C. 9 year old son without RP, left eye. Optic nerve without pallor and macula with good foveal
reflex.
D. 7 year old son affected with adRP, right eye. Optic nerve without pallor and macula with
good foveal reflex, clinically indistinguishable from panel C.
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Figure 2. Autofluorescence imaging
A. 47 year old man with D190N adRP, right eye. Macula with small hyperfluorescent ring.
B. 11 year old son affected with adRP, left eye. Macula with large hyperfluorescent ring (black
arrows.)
C. 9 year old son without RP, left eye. Macular autofluorescence normal.
D. 7 year old son affected with adRP, right eye. Macula with early, large hyperfluorescent ring
(black arrows) similar to panel B.
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Figure 3.
Microperimetry 10-2 mapping of right eye in case 1. Red shows scotoma and green (seven
degrees of field) is retina which is well functioning.
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Figure 4.
ERG tracings of cases 2, 3, and 4 under rod specific, maximum scotopic, photopic 30Hz flicker
and transient photopic conditions. (a) right eye (b) left eye. Scales and normal range indicated
below the tracings.
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Figure 5.
Three generation pedigree of the family with known RHO, D190N affected individuals. Note
autosomal dominant inheritance is supported by the presence of consecutive affected
generations and male-to-male transmission.
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Table 1
Quantitative ERG results, average of both eyes. Amplitudes and implicit times of rod specific, maximal mixed rod
cone responses (max). photopic 30 Hz flicker, and transient photopic tracings.

Amplitude Implicit Time

mV ms

a-wave b-wave a-wave b-wave

Rod Specific

Case 2 236 (124.4*) 99.5 (96.0**)

Case 3 420 (124.4*) 84.5 (96.0**)

Case 4 195.5 (124.4*) 110 (96.0**)

Max ERG

Case 2 218.50 (28.3*) 244.5 (132.1*) 15 (18.88*) 50 (57.87*)

Case 3 299 (28.3*) 488.5 (132.1*) 15 (18.88*) 45.5 (57.87*)

Case 4 155 (28.3*) 346.5 (132.1*) 18 (18.88*) 73.5 (57.87*)

Photopic 30 Hz flicker

Case 2 108 (74.3*) 26 (26.0**)

Case 3 140 (74.3*) 25 (26.0**)

Case 4 91 (74.3*) 26 (26.0**)

Transient photopic

Case 2 50 (26.14*) 175.5 (81.8*) 14.5 (13.89*) 30 (30.63*)

Case 3 40.5 (26.14*) 278.5 (81.8*) 14 (13.89*) 30 (30.63*)

Case 4 42 (26.14*) 155 (81.8*) 15 (13.89*) 31.5 (30.63*)
*
indicates the lower threshold of normal amplitude, defined as two standard deviations below the mean of normal controls.

**
indicates the mean of normal implicit times in controls (10 to 40 years of age).
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