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Abstract

Aim To investigate clinical presentation and
genotypes in patients with simultaneous
geographic atrophy (GA) and choroidal
neovascularization (CNV) and to compare
with patients with GA or CNV only.
Patients and methods Twenty patients with
combined CNV-GA and 154 CNV only and
154 GA only were chosen based on clinical
exam and imaging. Six single-nucleotide
polymorphisms (SNPs)—rs2274700 and
rs1061170 (complement factor H), rs10490924
and rs11200638 (HTRA1/LOC387715),
152230199 (C3), 1rs9332739 (C2)—were
genotyped using the SNaPshot method. Chi-
squared tests were used for genetic analysis.
Results In patients with CNV-GA, GA
progressed slowly and often preceded CNV.
CNYV presented as subretinal haemorrhage or
fluid, with a sudden drop in visual acuity
(VA). Comparing combined CNV-GA to GA
and CNYV only, patients with both had a
higher frequency of at-risk alleles at both
SNPs within the HTRA1 gene—rs10490924
(52.5%), rs11200638 (52.6%). Statistical
significance was not achieved. CNV-GA
patients had no protective alleles at SNP
159332739 (C2), compared with GA (27%) and
CNV only (10%).

Conclusion There is a paucity of reports
describing simultaneous CNV-GA. Clinical
and genetic results may support the fact that
GA and CNV fit on an age-related macular
degeneration (AMD)-disease continuum

and may clarify the disease processes in
AMD.
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Introduction

Of the estimated 60 million individuals 55 and
older in the United States, at least 8 million
persons are affected by intermediate to
advanced age-related macular degeneration
(AMD).! These people are at high risk for
bilateral advanced disease, resulting in
significant visual impairment.

AMD is a complex progressive disease that
presents in two forms: wet (exudative) and dry
(atrophic). Dry AMD can be further classified
into either early changes with drusen only or
late changes with extensive loss of
choriocapillaris, the retinal pigment epithelium
layer (RPE) and the retina, known as geographic
atrophy (GA). Wet AMD, choroidal
neovascularization (CNV), is characterized by
the invasion of the subretinal or sub-RPE spaces
with neovascular complexes that are prone to
leakage. Most literature focuses on either the
wet or the dry form separately. There is a
paucity of reports on both forms of AMD
concurrently in the same eye.

Early AMD includes soft drusen and RPE
changes. When the drusen become enlarged and
confluent, there is an increased risk for the
progression to advanced AMD. Advanced
AMD is then described as either GA or CNV.2
It is rare that they present simultaneously in the
same eye. The Age-Related Eye Disease Study
(AREDS) reported 14 (0.4%) of 3212 eyes, with
pigmentary abnormalities at baseline,
developed advanced CNV and GA by the 5-year
follow up.? In addition, the submacular surgery
trial 3 reported 2.7% of 110 fellow eyes
developed concomitant GA and CNV after
48 months.3

A few studies have focused on the association
of GA and CNV. The Macular Photocoagulation
Study (MPS) reported 5-year rates of developing
CNV in an eye with GA that has a fellow eye
with CNV of 45 and 49%, based on two studies.*
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MPS also found significant risk factors

for developing CNV in the fellow eye to be large
drusen, five or more drusen greater than 63 um,
focal hyperpigmentation, and systemic hypertension.
In addition, Sunness ef al® more recently reported
that the strongest risk factor for the development

of CNV in an eye with GA was the presence of CNV
in the fellow eye.

4

Genetics and AMD

Despite the prevalence of AMD, its aetiology remains
largely unknown. Recent studies have begun to further
associate AMD with certain genotypic variants of
complement factor H (CFH),%7 high temperature
requirement factor HTRA1/ LOC387715,089 complement
factors 2 (C2),'%11 complement factor 3 (C3)!'-1% and

B (CFB).1911 However, the data is still not complete,
especially that related to specific subtypes of AMD.
Previous studies have shown an association of GA to
HTRA1/LOC387715, CFH, C2, and C3.'%1> HTRA1
originally was related to the progression of CNV,!6

but another study found HTRA1 to have a significant
association with both forms of advance AMD—the wet
and dry forms.!” It has also been demonstrated that CFH
confers more risk to the bilaterality of GA whereas
HTRA1/LOC387715 contributes more to the bilaterality
of CNV.!"® Another subgroup analysis showed a highly
significant association with C3 and CNYV in both case—
control groups in the population, whereas the association
with C3 and GA was only significant in one group.!?
Therefore, with family history as a significant risk factor
for AMD and the discovery of the relation of genetic
variants to AMD, it is convincing that genetics has a
strong role in the development, type, and prognosis

of AMD.

The aim of this report is to study genotypes of patients
presenting clinically with simultaneous GA and CNV
and to compare it with genotypes of patients presenting
with GA or CNV only. We wish to determine if any of the
currently known genotypes is particularly associated
with occurrence of simultaneous GA and CNV in
patients with late AMD.

Methods

This study was approved by the Institutional Review
Board of the University of California, San Diego. All
subjects signed informed consent before participation in
the study and before blood draw. AMD subjects were
recruited at the Shiley Eye Center at the University of
California, San Diego. All participants had at least two
standard complete ophthalmic examinations. Exams
included best-corrected visual acuity measurements and

Genetic analysis of geographic atrophy and choroidal neovascularization N
S Grob et a/

1107

applanation tonometry for intraocular pressure
measurement. ‘Baseline’ best-corrected visual acuity
(BCVA) was the BCVA at the time of first diagnosis and
‘current’ BCVA was the BCVA after at least two standard
ophthalmic exams. Slit lamp exams, including fundus
biomicroscopy using a 90-dioptre lens, were performed.
Binocular indirect ophthalmoscopy was performed using
a 20-dioptre lens. In addition, fundus photography,
fluorescein angiography (FA) and optical coherence
tomography (OCT) were completed.

Study procedures

Stereo fundus photography and FA were completed on
all patients after adequate dilation. A pair of stereoscopic
color fundus photographs (50 degrees) were taken,
centred on the fovea using a Topcon fundus camera
(Topcon TRV-50VT, Topcon Optical Company, Tokyo,
Japan). A fluorescein angiogram was obtained in a
standard fashion using a Heidelberg Retina Tomograph 2,
(Heidelberg Engineering, Heidelberg, Germany) OCT
images were obtained using a Topcon 3D OCT-1000
(Topcon Optical Company) by a trained ophthalmic
technician. The scanning protocol was the macular
thickness and raster scan sequence that creates a

retinal map algorithm. For this study, mean foveal
thickness value was used as the OCT measurement

of foveal thickness.

Patients with concomitant CNV-GA were chosen
based on clinical exam and diagnostic imaging, including
fundus photos, OCT and FA. Fundus exam showed a
combination of subretinal or sub-RPE fluid or
haemorrhage, as well as a well-demarcated area of
decreased retinal thickness and change in retinal colour,
also known as GA. All GA lesions were at least
500 square microns in diameter as measured by HRA2
instrument. In addition, FA confirmed vascular leakage
and OCT imaging revealed the presence of fluid within
the retina. Seven patients were affected in the right eye
only, four patients in the left eye only and nine patients in
both eyes. In patients affected in both eyes, each eye was
evaluated.

Genotyping

Genomic DNA samples were extracted from peripheral
blood leucocytes according to established protocols. Six
single-nucleotide polymorphisms (SNPs), in four genes
associated with AMD, were selected according to the
literature. They were rs2274700 and rs1061170 in CFH.,%7
rs10490924 and rs1120638 in HTRA1/LOC387715,%89
rs2230199 in C3!%15 and rs9332739 in C2.1415 These
specific SNPs were selected because the most convincing
evidence for a genetic contribution to AMD was the

Eye
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identification of major disease susceptibility alleles on
chromosome 1q32, which includes the gene for CFH and
HTRA1/LOC387715. The literature has also shown
C3 and C2 to be candidate genes.'%1°

All SNPs were genotyped using the SNaPshot method
according to the manufacturer’s recommendations. In
brief, a SNP was amplified by PCR, the PCR product
purified by Exo I and shrimp alkaline phosphatase (SAP)
(New England Biolabs, Ipswich, MA, USA). The purified
PCR product and the SNaPshot primer were then used to
perform a single-base pair extension with the SNaPshot
multiplex mix (Applied Biosystems Inc., Foster City, CA,
USA). After an additional purification step using SAP,
the product was run and analysed on an ABI 3130xI
genetic analyser (Applied Biosystems Inc.) and
genotyping results were obtained directly.

Statistical analysis

In order to compare patients with CNV-GA to both the
control groups—GA only and CNV only patients—we
conducted chi-squared tests. We compared the genotypic
frequencies and the allelic frequencies of the CNV only
group to patients with CNV-GA for each SNP analysed,
focusing on either the at-risk genotype or allele for genes
known to potentially increase the risk of AMD or the
protective genotype or allele known to potentially protect
against AMD. Then, we compared the genotypic
frequencies and allelic frequencies between the GA only
group and the CNV-GA group for each SNP analysed.
For example, if we were comparing two groups for
genotypic frequency at the HTRA1 SNP rs10490924 then
we would be comparing the frequency of the TT
genotype between the two groups. If we were comparing
two groups for allelic frequency at the HTRA1 SNP
rs10490424 then we would be comparing the frequency
of the T allele between the two groups. For the remainder
of the at-risk SNPs analysed, we compared the AA
genotype and A allele frequency for rs11200638,

the CC genotype and C allele for rs2774700, the CC
genotype and C allele for rs1061170, and the GG
genotype and G allele for rs2230199. For rs9332739,

we compared the protective CC genotype and

C allele.

Results

A total of 20 patients met study criteria for diagnosis of
simultaneous CNV-GA. A hundred and fifty-four

CNV only and 154 GA only age-matched patients were
recruited and compared with the patients with combined
CNV-GA. Of the patients with combined CNV-GA,
average age was 75 years with 13 females and 7 males.
All 20 patients identified themselves as Caucasian—

Eye

European. Nine patients were previous smokers for at
least 10 years and one patient is a current smoker
(Tables 1a and b). Of the 154 age-matched GA patients,
the average age was 82, consisting of 60 males and

94 females. There were two patients identified as
Hispanic, the remainder were all Caucasian-European.
Thirteen patients stated they were current smokers
with 43 past smokers. (See Supplementary Table S1 for
details.) Of the 154 age-matched CNV patients,

the average age was 81, with 46 males and 108 females.
There were two Hispanic patients, one Asian

patient and the remainders were Caucasian. Twelve
patients were current smokers and 84 were past
smokers.

Average best-corrected visual acuity (BCVA)
measurements for baseline was 20/185 and for current
visual acuity (VA) was 20/230 for eyes in patients with
CNV-GA (Table 1a). The baseline VA was taken at the
initial ophthalmic visit and the current VA is the most
recent measurement taken for each patient. Of the twenty
patients with CNV-GA, eight patients had at least one
eye maintain the same BCVA overtime and three patients
had at least one eye improve by at least one line. Eight
patients experienced worsening VA in at least one eye.
Four patients did not have a baseline VA due to prior
treatment at another facility.

In patients with CNV-GA, GA progressed slowly
and often preceded CNV. CNV presented as subretinal
haemorrhage (Figure 1a), fluid without haemorrhage, or
drop in VA with questionable presence of fluid. When
CNV developed simultaneously, there was often an
abrupt drop in VA, with average current VA of 20/200.
CNV presented in the centre of the GA, at periphery of
the GA, or at a distance from the GA. Imaging from a

Table 1a Patient demographics and clinical data

Demographics

Total CNV-GA patients 20
Mean age 82.75
% Female 65

% Caucasian 100

% Hypertension 65

% Diabetes 15

% Previous smoker 45

% Current smoker 5

% HTN + DM 15

% HTN + DM + smoking 10

% Family history AMD 35
Mean baseline VA ~20/185
Mean current VA ~20/230

Abbreviations: AMD, age-related macular degeneration; DM, diabetes,
HTN, hypertension, DM, diabetes; VA, visual acuity.
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Figure 1 (a) Colour fundus photograph demonstrating simul-
taneous GA and CNV. A large area of GA with discrete borders
is noted temporal to the fovea with an area of subretinal
haemorrhage on the inferior border of the GA. (b) OCT imaging
of the retina in the same eye reveals areas of subretinal fluid and
intraretinal cysts.

representative patient with CNV-GA is displayed in
Figures 1 and 2.

In comparing GA-CNV group to GA only and CNV
only group, respectively, no significant difference in
either genotypic or allelic frequency of each gene was
found (Table 2). However, the patients with CNV-GA
had a higher frequency of at-risk alleles at both SNPs
within the HTRA1 gene—rs10490924 (52.5%) and
rs11200638 (52.6%) when comparing to GA only patients
(40.2, 46.2%) or CNV only patients (42.9, 41.9%)

(Table 2a). Interestingly, the risk allele frequencies of
SNPs in the other major gene of AMD- CFH- rs2774700
(70%) and rs1061170 (50%) were lower than those in GA
only patients (81, 58.2%) and CNV only patients (78.2,
55.8%) (Table 2a). Although none of the differences
showed statistical significance (Table 2a), there is a
potential trend in this cohort.

In addition, CNV-GA patients was also found to
have no protective alleles at the C2 gene SNP rs9332739,

Eye

compared with 27% in the GA only patients and 10% in
the CNV only patients (Table 2a). However, this
relationship did not show a statistically significant
association between either CNV only and CNV + GA or
GA only and CNV + GA patients with P-values of

0.289 and 0.531, respectively (Table 2a).

Discussion

CNV and GA are most commonly discussed as if they are
separate diseases, resulting from different genetic at-risk
markers and biochemical pathways, and that they are not
one disease on a continuum. If this statement were true,
then it would be reasonable to assume that if a patient is
diagnosed with both GA and CNV simultaneously in one
eye, that they would have a higher proportion of at-risk
alleles. In addition, they would have higher incidence of
those alleles that have been associated with both GA
and CNV.

Just as the presentation of GA and CNV together
would most likely be characterized as a more advanced
stage of disease, the bilaterality of disease corresponds to
a more severe stage of disease or a sign of progression.
Previous studies have found that at-risk alleles for AMD
are more common in bilaterally affected individuals with
AMD, compared with the unilaterally affected group.!®

However, in our analysis of patients with both CNV
and GA simultaneously, we have found no statistical
significance between GA only and CNV only and
patients with concomitant CNV and GA. Therefore, it can
be assumed that, based on these known genes analysed,
that GA and CNV may fit on a continuum, in that
patients with GA will at some point potentially
develop CNV and that they are not separate diseases
after all.

Previous studies have shown certain risk genes with a
higher association with one phenotype compared
with the other. For example, DeWan et al'® reported
HTRA1/LOC387715 as a risk gene for CNV, implicating
certain polymorphisms within this gene to being
responsible for this specific phenotype of AMD. Yet other
groups have found no difference between GA and
CNV,!8 which would further support the notion that they
are not two separate diseases. In addition, another study
found C3 rs2230199 predisposes to GA more than CNV,'8
but further investigation is needed to explain this
phenomenon. Another study found that among patients
with CNV in one eye and GA in the fellow eye, the
cumulative incidence of CNV in the eye with GA is
30-50% at approximately 5-years’ follow up.’
Histopathological studies have also indicated that CNV
is present in approximately one-third of cases with
GA 2921 These studies further confirm the likelihood
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Figure 2 (a) Early-phase flourescein angiogram again in the same eye demonstrating transmission hyperfluorescence in the area of
GA. (b) Late-phase fluorescein angiogram showing some fading of the choroidal fluorescence and with staining hyperfluorescence of
the region of GA. In addition, mild leakage of fluorescein dye is noted in the infero-temporal region of the area of GA. (c) Early-phase
Idocyanine green (ICG) angiogram showing underlying choroidal vasculature. (d) Late-phase ICG angiogram confirming area of

leakage.

that these two phenotypes may be representing a single
disease at individual stages in the progression of the
disease.

This is significant because until CNV develops in
eye with GA, these two forms of advanced AMD have
generally been treated as different diseases and they
have also generally been managed using separate
treatment regimens. Patients with wet AMD are
treated with intravitreal injections of anti-VEGF
medications or laser and patients with dry AMD are
commonly placed on AREDS vitamin formula and
observed for signs of progression. However, if these
diseases do lie on a continuum, then established or
future medications could potentially benefit both
forms of advanced AMD. For example, fenretinide, a
once daily oral medication believed to decrease a toxic
byproduct of retinol in the retina, has been shown to

reduce the incidence of emerging CNV, in patients
with GA and may slow the progression of dry to
wet AMD.??

More information regarding the pathogenesis of AMD
and the biochemical pathways that lead to distinct
phenotypes need to be further characterized. Implicit in
our study and several others is the idea that AMD can be
characterized as a linear progression from one stage of
the disease to the next, supported by the observation that
GA usually develops before CNV. This idea still may be
incorrect, and patients with simultaneous CNV and GA
may have two separate biochemical pathways operating
at the same time, but our study may support the
opposite. Our study has only shown this potential trend
in a small group. With improved characterization of the
disease, we will be better equipped to treat the disease at
its separate stages of progression.

111
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Table 2 Genotyping results

(a) Allele frequency in known SNPs associated with AMD and the relationship between allele frequencies and diagnosis of AMD for each SNP analysed: Comparing GA

vs CNV + GA and CNV vs CNV + GA

SNP name Allele % in % in % in P genotypic P allelic P trend P genotypic P allelic P trend
GA CNV CNV value value value value value value
only only + GA (GA vs (GAvs (GAvs (CNV vs (CNV vs (CNV vs

CNV+GA) CNV+GA) CNV+GA) CNV+GA)  CNV+GA) CNV+GA)

1510490924 T =at risk 0.402 0.429 0.525 0.287 0.140 0.172 0.44 0.248 0.286

(HTRA1)

1511200638 A =at risk 0.462 0.419 0.526 0.066 0.457 0.481 0.092 0.207 0.251

(HTRA1)

rs2774700 (CFH) C=at risk 0.810 0.782 0.700 0.143 0.107 0.113 0.45 0.241 0.218

rs1061170 (CFH) C=at risk 0.582 0.558 0.500 0.464 0.326 0.339 0471 0.484 0.485

12230199 (C3) G =at risk 0.307 0.263 0.300 0.996 0.929 0.931 0.883 0.619 0.631

1rs9332739 (C2) C=protective  0.270 0.010 0.000 0.289 0.531

(b) Genotypes of patients with simultaneous GA and CNV

SNP Alleles Total no.

rs 10490924(T/G)—HTRA1

TT 7

TG 3

GG 6
rs 1120638(A/G)—HTRA1

AA 8

AG 4

GG 8
rs 2274700(C/T)—CFH

TT 1

CT 10

cCc 9
rs 1061170(C/T)—CFH

TT 6

CT 8

cc 6
1s2230199(C/G)—C3

CcC 10

CG 8

GG 2
rs9332739(C/G)—C2

cC 0

CG 0

GG 20

Summary

What was known before

® Advanced AMD is then described as either GA or CNV;

it is rare that they present simultaneously in the same eye.

® The AREDS reported 14 (0.4%) of 3212 eyes, with
pigmentary abnormalities at baseline, developed
advanced CNV and GA by the 5-year follow up.

® The MPS reported 5-year rates of developing CNV in an
eye with GA that has a fellow eye with CNV of 45 and

49%, based on two studies.

What this study adds
® We found that in patients with combined CNV-GA, GA

progressed slowly and often preceded CNV.

® CNV later presented as subretinal haemorrhage or fluid,
with a sudden drop in VA.
o Comparing combined CNV-GA to GA only and CNV

only, patients with both had a trend with a higher
frequency of at-risk alleles at LOC387715/HTRALI.
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