FIGURE 3. Images demonstrating progression of the vascular lesion in larger polypoidal choroidal vasculopathy (PCV). (Top left)
Fundus photograph at the initial visit showing a reddish orange nodule with a minute pigment epithelial detachment (PED). (Top
right) Sectional image obtained with optical coherence tomography (OCT) along with an arrow seen in the fundus photograph
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FIGURE 4. Images showing no progression of the vascular lesion in smaller polypoidal choroidal vasculopathy (PCV). (Top left)
Fundus photograph at the initial visit showing a small reddish orange nodule (arrow); vision was 20/16. (Top middle) Fluorescein
angiogram (FA) obtained at the initial visit showing only a hyperfluorescent spot corresponding to the polypoidal lesion. (Top right)
Indocyanine green angiogram showing the vascular. components of PCV, which consist of a typical polypoidal lesion (arrow) and
a branching vascular network (long arrow). The baseline area of the PCV lesion was 1.77 mm?. (Second row) Sectional image
obtained with optical coherence tomography (OCT) along with the arrow seen in the FA showing a steep protrusion of the retinal
pigment epithelium. (Third row left) No treatment was performed. Fundus photograph obtained at 39 months after the initial visit
showing a reddish orange nodule with a newly developed serous pigment epithelial detachment; vision was still 20/13. (Third row
middle) FA showing a hyperfluorescent spot corresponding to the polypoidal lesion, along with fluorescein pooling in the pigment
epithelial detachment. (Third row right) Indocyanine green angiogram revealing no progression of the vascular lesion of PCV.
(Bottom) Sectional image obtained with OCT (with the arrow seen on FA) showing protrusion of the retinal pigment epithelium

corresponding to the branching network (arrowheads) and steep elevation of the retinal pigment epithelium with moderate inner
reflectivity (arrow) corresponding to the polypoidal lesion.

was defined as the distance between the vitreoretinal | from leukocytes of peripheral blood using a deoxyribonucleic
interface and the tip the outer segment of the inner and acid extraction kit (QuickGene-610L; Fujifilm, Minato, To-
outer segments of the photoreceptors. kyo, Japan). The SNPs were genotyped using Tagman SNP

We genotyped the major AMD- and PCV-associated | assays with the ABI PRISM 7700 system (Applied Biosys-
single nucleotide polymorphism (SNP), 1510490924 (A69S), | tems, Foster City, California, USA) according to the manu-
of ARMS2. Genomic deoxyribonucleic acid was prepared | facturer’s instructions.
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TABLE 2. Ocular Manifestations and Complications Seen in Eyes with Polypoidal Choroida! Vasculopathy during Follow-up

Smaller Polypoidal
Choroidal

Larger Palypoidal
Choroidal

Total (n = 88) Vasculopathy (n = 22) Vasculopathy (n = 66) P Value
Suprachoroidal hemorrhage 7 0 7 1113
Vitreous hemorrhage 8 0 8 .0868
Recurrence ' 56 11 44 1620
Type 2 choroidal neovascularization 26 1 25 .0030
Fibrosis 31 4 27 .0533
Serous retinal detachment 81 20 65 .0899
Subretinal hemorrhage (> 1 DA) 55 9 46 .0157
Cystoid macula edema 42 6 36 .0266
Pigment epithelial detachment (> 1 DA) 41 5 36 .0096
Tear of retinal pigment epithelium 8 0 8 .0868

DA = disc area.

One disc area is estimated as 2.54 mm? on the basis of 1 optic disc diameter being 1.8 mm. Based on the area of the lesion at the initial
visit, polypoidal choroidal vasculopathy (PCV) eyes were divided into smaller PCV (area of lesion, < 1 DA) and larger PCV (area of lesion, =

1 DA).

Statistical analysis was performed using software de-
signed for this purpose (StatView version 5.0; SAS Insti-
tute, Cary, North Carolina, USA). A P value of less than
.05 was considered to be statistically significant.

RESULTS

IN THE CURRENT STUDY, 88 EYES OF 88 PATIENTS (60 MEN
and 28 women) with PCV, ranging in age from 50 to 86
years {mean * standard deviation, 70.4 % 7.5 years), were
examined. The follow-up period ranged from 29 to 61
months (mean = standard deviation, 46.4 * 8.6 months),
and duration from the initial angiogram to the last ranged
from 24 to 60 months (mean =+ standard deviation, 39.3 =
9.4 months). All patients were examined with fluorescein
and indocyanine green angiography repeatedly during
follow-up, ranging from 2 to 11 times (mean * standard
deviation, 4.9 = 2.0 times). Table 1 shows the character-
istics of patients eligible for inclusion ‘in this study. The
mean * standard deviation baseline VA (logarithm of
the minimal angle of resolution) was 0.37 * 0.34. The
mean * standard deviation initial area of the lesion and
greatest linear dimension was 7.75 = 9.78 mm’ and
3412 *= 1647 wm, respectively. Figure 1 shows the
relationship between area of the lesion, greatest linear
dimension, foveal thickness, and VA at initial visit and
final examination. Initial area of the lesion (R = 0.801;
P < .0001) and initial greatest linear dimension (R =
0.805; P < .0001) showed a close correlation with final
measurements.

PCV vascular lesion at the initial visit varied in size,
ranging from 0.64 to 63.82 mm?*. Depending on the initial
area of the lesion, we divided the eyes with PCV into 2
groups—the smaller PCV group (baseline area of lesion, <
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1 DA; n = 22) and the larger PCV group (baseline area of
lesion, = 1 DA; n = 66; Figure 2). The mean area *
standard deviation of the lesion initially was 1.68 = 0.53
mm? in the smaller PCV group and 9.79 *+ 10.55 mm? in
the larger PCV group. There were no significant differ-
ences in gender, age, or duration of symptoms between
groups (P = 5971, P = 3257, and P = .6484, respec-
tively). In addition, there were no differences in the foveal
thickness (P = .4628) or thickness of the neurosensory
retina in the fovea (P = .4204) at the initial visit.
However, the mean initial VA = standard deviation was
significantly better in eyes with smaller PCV (0.24 = 0.39)
than in eyes with larger PCV (0.42. = 0.35, P = .0383).

During the follow-up period, 64 eyes were treated
initially with PDT, and 9 were treated initially with
anti-VEGF therapy. Despite these treatments, some eyes
with larger PCV showed extension of the vascular compo-
nent with an exudative change. The mean area of the -
lesion * standard deviation in larger PCV progressed
significantly from 9.79 * 10.55 mm?* to 16.27 + 14.19
mm? at the final examination (P < .0001; Figure 3).
Furthermore, mean * standard deviation VA in these eyes
deteriorated significantly 0.42 = 0.35 t0 0.76 % 0.49 at the
final examination (P < .0001). In contrast, eyes with
smaller PCV lesions often showed minimal progression of
the lesion and limited exudative change, and smaller PCV
lesions rarely progressed to extensive PCV lesions (Figure
4). However, even in eyes with smaller PCV, the mean
lesion size increased during the follow-up period (P =
.0037). In smaller PCV, mean = standard deviation change
in the area of the lesion and final area of the lesion were 2.45
+ 3.53 mm? and 4.13 * 3.59 mm?, respectively, which were
significantly less than those of the larger PCV (P = .0429
and P = .0002, respectively). In addition, eyes with the
smaller PCV showed no decrease in VA (—0.05 = 0.36;
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FIGURE 5. Images showing suprachoroidal hemorrhage and vitreous hemorrhage in an eye with larger polypoidal choroidal
vasculopathy (PCV). (Top left) Fundus photograph obtained at the initial visit showing multiple large reddish orange nodules;
vision was 20/22. (Top right) Indocyanine green angiogram showing a large branching vascular network that terminates with
multiple polypoidal lesions. The baseline drea of the PCV lesion was 15.80 mm®. No treatment was performed because this eye had
good visual acuity. (Middle left) Fundus photograph obtained at 29 months after the initial visit showing some extension of the
vascular components; vision was 20/16. (Middle right) Indocyanine green angiogram showing some extension of the vascular lesion
of PCV. (Bottom) Five months after the last angiogram, a sudden suprachoroidal hemorrhage with subsequent vitreous hemorrhage
developed in the eye. After vitreous surgery, visual acuity in this eye was only 20/200.

P = .5492) and maintained initial VA to the final visit;
mean changes in VA were significantly better in smaller
PCV than were those in larger PCV (P = .0015).

Table 2 shows the ocular manifestations and complica-
tions seen during follow-up in eyes with smaller or larger

PCV. Of the 88 eyes included, 7 (7.6%) showed supracho-

roidal hemorrhage and 8 (8.7%) showed vitreous hemor-
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rhage (Figure 5), all of which were seen in eyes with larger
PCV; no eyes with smaller PCV showed severe complica-
tions (P = .1111 and P = .0868). Indeed, in eyes with
smaller PCV, even the relatively small amount of subreti-
nal hemorrhage noted (> 1 DA) was seen less frequently
than in eyes with larger PCV (P = .0157). In addition,
other ocular manifestations associated with severe visual
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TABLE 3. ARMS2 Genotypeé and Alleles in Patients with Polypoidal Choroidal

Vasculopathy

Smaller Polypoidal
Choroidal

Larger Polypoidal
Choroidal

Vasculopathy (n = 21)  Vasculopathy (n = 55) P Value? Odds Ratio (35% Cl)
Genotype .0397
1T 3(10.7%) 25 (89.3%) 5.0 vs GG (3.93 to 6.44)
GT 11 (39.3%) 17 (60.7%) 1.5vs GG (1.19t0 1.82)
GG 7 (35.0%) 13 (65.0%)
Allele .0235
T 17 (20.2%) 67 (79.8%) 2.4vs G(2.09t0 2.67)
G 25 (36.8%) 43 (63.2%)

Cl = confidence interval; G = guanine; T = thymine.

One disc area (DA) is estimated as being 2.54 mm? this is based on 1 optic disc
diameter being 1.8 mm. Based on the area of the lesion at the initial visit, polypoidal
choroidal vasculopathy (PCV) eyes were divided into smaller PCV (area of lesion, < 1 DA)

and larger PCV (area of lesion = 1 DA).
2Chi-square test.

~disturbance were seen more often in eyes with larger PCV.
Type 2 CNV, subretinal fibrosis, and cystoid macular
edema were seen more frequently in eyes with larger PCV
(P = .0030, P = .0533, and P = .0266). Of the 88 eyes
included in this study, 41 (46.6%) showed a serosanguin-
eous pigment epithelial detachment (area, > 1 DA).
Again, a pigment epithelial detachment was seen more
frequently in eyes with larger PCV than in those with
smaller PCV (P = .0096). Of the 88 eyes of our patients,
8 (8.7%) showed a tear of the retinal pigment epithelium.
All of these occurred in eyes with larger PCV; no eyes with
smaller PCV showed a tear (P = .0868).

We were able to examine the deoxyribonucleic acid of
76 of the 88 patients. Table 3 shows the distributions of
ARMSZ (A69S) genotypes in patients with smaller PCV
and in those with larger PCV. There was a significant
difference in T allele frequency between patients with
smaller PCV and those with larger PCV (20.2% vs 79.8%;
P = .0235). In comparison with wild-type homozygosity
(GG), homozygosity for the at-risk genotype (TT) in-
creased the likelihood for the larger PCV group by 5.0-fold,
and heterozygosity for the at-risk genotype (GT) increased
the likelihood for this same group by 1.5-fold.

- DISCUSSION

BASED ON THE INITIAL AREA OF THE VASCULAR LESION, WE
defined smaller PCV as those with a baseline area of <
1 DA. The remaining PCV, in which the baseline area
was = 1 DA, were defined as larger PCV. There were no
significant differences in age or duration of symptoms
between these 2 groups. The larger PCV, however, did
often show progression of the vascular lesions, which in
many instances showed an exudative change. In larger
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PCV, poor initial VA was even further lessened despite the
treatment. In contrast, most eyes diagnosed as having
smaller PCV showed only minimal progression of the
lesion and limited exudative change. Furthermore, smaller
PCV lesions rarely progressed to extensive PCV lesions.
Most eyes with smaller PCV had good initial VA and
maintained their good VA throughout the follow-up
period.

In addition, severe complications such as suprachoroidal
hemorrhage, vitreous hemorrhage, and a tear of the retinal
pigment epithelium were seen only in eyes with larger
PCV; no eyes with smaller PCV showed these severe
complications. Furthermore, type 2 CNV and subfoveal
fibrosis was seen more frequently in larger PCV. From
these findings, we believe that the ocular manifestations,
complications, and visual prognosis of smaller PCV are
distinct from those of larger PCV. QOkubo and associates
reported similar findings. Of 13 eyes with PCV that were
followed-up for 5 years or longer with no treatment, they
reported that eyes with reddish-orange nodules alone or
those with nodules plus a small subretinal hemorrhage had
a benign clinical course with stable vision.'®

PCV is thought to have a better visual prognosis than
does exudative AMD,”?° although the visual prognosis in
PCV is not as promising as was thought initially.?! Previ-
ously, direct laser photocoagulation was applied to eyes
with PCV."?? Unless the entire vascular lesions could be
coagulated, however, the polypoidal lesion often recurred,
resulting in decreased VA,” although another study
showed encouraging short-term results of PDT for PCV.**
However, 1 year or more after initially successful treatment
with PDT, some eyes had a recurrence of PCV and a
decrease in VA.2! Still more recently, although anti-VEGF
therapy can reduce the exudative change in PCV shortly
after treatment, its effects on the vascular lesions and its
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effect on VA seem to be limited.?>*° In addition, some
eyes with large vascular lesions show massive hemorrhagic
complications, with sudden visual loss.’® As shown in
Table 2, other vision-threatening complications, such as
disciform scar, a tear of the retinal pigment epithelium, or
cystoid macular edema, are not as uncommon as reported
initially.'®*1>? Smaller PCV, which often shows a favor-
able response to treatments and with minimal vision-
threatening complications, turn out to have a better visual
prognosis than do larger PCV.!718

So far, several classifications of PCV have been re-
ported.'>1? Based on the location of the lesion, PCV can
be categorized as peripapillary, macular, or peripheral.'?
When the vascular lesion is located far from the fovea,
visual prognosis tends to be good.” Uyama and associates
reported 2 patterns of fundus manifestation of PCV,
exudative and hemorrhagic.!! However, they also reported
that 36% of the cases had altered their pattern of mani-
festation during follow-up.'! Judging from these patterns, it
may be difficult to predict visual prognosis.

The polypoidal lesions are thought to be the main
source of the exudative change and hemorrhagic compli-
cations in PCV.*!'* Uyama and associates reported 2
patterns of polypoidal lesions: solitary round aneurysmal
dilations and a collection of small aneurysmal dilations
that resemble a cluster of grapes, the latter of which is
associated with a poor prognosis.!! Clinically, some polyp-
oidal lesions do regress spontaneously, and regress even
more after PDT, but these polypoidal lesions recur at the
same location or at other terminals of the branching
vascular network.”'?33 Recently, Cackett and associates
reported a classification system of PCV based on polypoidal
lesion seen by indocyanine green angiography.>* In their
report,>* PCV was classified according to size, location,
formation, and number of polypoidal lesions. Although
objective evaluations are essential for any multicenter
study, the branching vascular network, which is one origin
of the polypoidal lesions, is essential also to understand
status of the disease in each patient.*®

Based on the results of indocyanine green angiography,
Yuzawa and associates reported that there may be 2 types
of branching vascular network, one representing an intra-
choroidal vascular abnormality, and the other representing
neovascularization that grows rapidly in the subretinal
pigment epithelial space.>® Unfortunately, histologic re-
ports of PCV are limited,>”*® although recent OCT
findings support the theory that the vascular components
of PCV are located within or above the Bruch membrane.
In Figure 4, both the polypoidal lesion and the branching
vascular network are seen between the retinal pigment
epithelium and Bruch membrane,” suggesting that the
vascular lesions in PCV are a form of CNV.!*

The branching vascular network, which only rarely
disappeared with treatment, tended to extend over time.*®
It is thought that progression of PCV is slower than that of
exudative AMD. Yannuzzi and associates reported that
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the branching vascular network enlarges by simple prolif-
eration and hypertrophy of the vascular components, by
conversion of the polypoidal lesion into the advancing
edge of a vascular channel, or by the unfolding of a cluster
of polypoidal lesions and subsequent transformation into
enlarging vascular tubular components.” In the current
study, based on the initial size of the vascular components,
we divided PCV into smaller and larger types, a classifica-
tion that provides useful information to both physicians
and patients regarding the risk of severe complications and
visual prognosis. Smaller PCV rarely progress to become
extensive lesions and often have a more favorable clinical
course that is quite different from that of larger PCV.1"18
In the current study, all 15 eyes in which extensive
vascular lesions (more than 8 DA) finally developed had a
lesion of more than 3 DA at the initial examination. It
follows that all eyes with extensive PCV already had shown
relatively large vascular lesion when they had initial visual
symptoms. From the current study, we could not provide any
information on the beginning of the extensive PCV.

In the current study, we examined the genotypes of
1510490924 (A69S) of ARMSZ in patients with smaller
PCV (21 patients) and those with larger PCV (55 pa-
tients). An increasing number of reports showed that
ARMS2Z A69S is associated strongly with AMD, as well as
with typical AMD and with PCV.*"* In the current
study, there was a significant difference in T allele fre-
quency between the smaller PCV and the larger PCV
(20.2% vs 79.8%). Our findings suggest that smaller PCV
is different from larger PCV, not only from the clinical
point of view but also from the genetic point of view.

In PCV patients, Sakurada and associates reported a
difference in the genotypic frequency at this site between
eyes with and without vitreous hemorrhage, with the
frequency of the T allele being significantly greater in the
vitreous hemorrhage group than that in the nonvitreous
hemorrhage group.* In another report, Sakurada and
associates reported that this genotype is not associated
with lesion composition or size as seen by indocyanine
green angiography.*® However, they did indicate that the
T allele at this SNP is associated with the exudative
activity of polypoidal lesions.*® Although further studies
are necessary to elucidate the contribution of this SNP to
the progression of the vascular lesion, this SNP seems to be
associated with the occurrence of PCV itself and with the
activity of the vascular lesions.

Limitations of the current study are its retrospective
nature and the various treatment regimens used. Our
patents received primarily PDT or anti-VEGF thera-
py.2™® Because recent studies have suggested that PDT in
combination with anti-VEGF therapy may be the most
promising treatment of PCV, it is possible that our patients
did not receive the most effective treatment.*”*® In the
current study, 8 eyes showed a relatively large subretinal
hemorrhage at the initial visit. It may be possible that the
lesion size was somewhat underestimated in a few eyes.
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However, because all of these 8 eyes were classified as
having larger PCV, there is no possibility that any eye with
a relatively large subretinal hemorrhage was classified
incorrectly as having a smaller PCV. In addition, 11 of 22
eyes with smaller PCV still had small lesions (< 1 DA) at
the final examination. In remaining 11 eyes, however, the
final area of the lesion was more than 1 DA, although the
lesion remained relatively small and visual prognosis often

was good. If these eyes had been examined later, they
might have been classified as having larger PCV. However,
despite these shortcomings, our findings suggest that most
smaller PCV show limited progression and that good visual
function is maintained—with no serious complications.
Furthermore, it may be of use to differentiate this type of
PCV from larger PCV to prognosticate visual prognosis in
affected individuals.
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Genetic Variants in Pigment
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Purpose: To investigate whether photodynamic therapy (PDT) outcomes of polypoidal choroidal vasculopa-
thy (PCV) are related to baseline clinical characteristics, smoking history, or genetic factors by analyzing the
retreatment-free period after the first PDT.

Design: Retrospective cohort study.

Participants: The study consisted of 167 patients with PCV who underwent PDT as their first treatment.

Methods: We targeted 638 single nucleotide polymorphisms (SNPs) in 42 possible susceptible genes for
age-related macular degeneration to evaluate their relation to the effectiveness of PDT for PCV. For this
evaluation, we used 2 methods: (1) survival analysis, with the retreatment-free period as the target; and (2) logistic
regression test between the need for additional therapy within 3 months after the first PDT and the genotypes,
with age, gender, smoking status, and greatest linear dimension {GLD) at baseline as covariates. The contribu-
tions of smoking status and GLD at baseline for the retreatment-free period also were evaluated. Contributions
of these factors to visual prognosis were evaluated for 1 year after PDT.

Main Outcome Measures: Retreatment-free period after the first PDT for PCV. Secondary outcome
measures included correlation of the susceptible factor to the retreatment requirement within the 3-month
follow-up and the mean visual acuity change.

Resufts: In survival analyses, SERPINF1 rs12603825 showed a significant association with the retreatment-free
period after the first PDT; those patients homozygous for the minor allele A of rs12603825 received additional
treatment after PDT within significantly shorter times than those with other genotypes (P = 0.0038). There was no
significant difference in the retreatment-free period between baseline GLD and smoking status. Retreatrment within 3
months was required significantly more in patients with the AA genotype even after taking into consideration the
effect of clinical characteristics (age, gender), baseline PCV lesion size, and smoking status (P = 0.0027). Furthermore,
patients with the AA genotype showed significantly worse visual prognosis after PDT (P = 0.013).

Conclusions: Pigment epithelium-derived factor (SERPINF1 or PEDF) polymorphisms may influence the
initial response to and visual prognosis after PDT for PCV. Our fmdmgs may lead to understanding the
pathogenesis of PCV and modification of the effects of PDT.

Financial Disclosure(s): The author(s) have no proprietary or commerClal interest in any materials discussed
in this article. Ophthalmology 2011;118:1408-1415 © 2011 by the American Academy of Ophthalmology.

Polypoidal choroidal vasculopathy (PCV) is observed fre- Photodynamic therapy (PDT) with verteporfin was pre-
“quently in Asian patients diagnosed with exudative age-  viously one of the main therapeutic options for neovascular
related macular degeneration (AMD), 12 4nd PCV recently AMD, and several studies have shown that the treatment
has been considered to be a separate clinical entity differing  effects of PDT for AMD vary according to the baseline
from neovascular AMD and other diseases associated with ~ composition, including lesion size of choroidal neovascu-
subretinal neovascularization.> Recent studies on the genet-  larization, visual acuity, and genotype.’~!? Many studies
ics of AMD and PCV have recognized them as complex  have reported that PDT is more effective in treating PCV
diseases caused by the actions and interactions of numerous  than neovascular AMD,!*~!> although PDT for PCV often
genes and environmental factors.*~% has to be repeated, either because of persistent disease or

1408 © 2011 by the American Academy of Ophthalmology ISSN 0161-6420/11/$-see front matter
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recurrence. %17 There are limited reports of the association
between clinical or pathologic features and the response of
PCV to PDT. When evaluating the effect of PDT for PCV,
it is essential to consider both genetic and environmental
factors, which has been done in the evaluation of AMD. As
shown in the AMD study, studies have shown that smoking
is associated with the development of PCV 18-20

The objectives of the current study were to discern
whether the response of PCV to PDT was related to baseline
clinical characteristics, smoking history, and genetic back-
ground by analyzing multiple single nucleotide polymor-
phisms (SNPs) and focusing primarily on the clinical
retreatment-free period. :

Materials and Methods

All procedures in this study adhered to the tenets of the Declara-
tion of Helsinki. The institutional review board and ethics com-
mittee of each institute involved approved the protocols of this
study. All patients were fully informed of the purpose and proce-
dures of this study, and written consent was obtained from each
patient.

Patients and Methods

The study consisted of 167 Japanese patients with PCV who
underwent PDT at Kyoto University Hospital, Fukushima Medical
University Hospital, or Kobe City Medical Center General Hos-
pital between August 2004 and February 2009. All patients en-
rolled in the study met the criteria of PCV as proposed by the
Japanese Study Group of Polypoidal Choroidal Vasculopathy !
Each subject underwent a complete ophthalmic examination, in-
cluding measurement of best-corrected visual acuity, indirect oph-
thalmoscopy and slit-lamp biomicroscopy with a contact lens by a
retina specialist, fluorescein angiography and indocyanine green
angiography (ICGA), and optical coherence tomography. Best-
corrected visual acuity was measured with a Landolt chart and
converted to a logarithm of the minimal angle of resolution for
statistical analysis. The inclusion criteria for this study were (1)
diagnosis of PCV, (2) treatment with PDT as the first therapy, (3)
age = 50 years, (4) presence of a subfoveal lesion, and (5)
best-corrected Snellen visual acuity equivalent of 20/200 to 20/40
at baseline. Exclusion criteria were (1) choroidal neovasculariza-
tion caused by other diseases (e.g., pathologic myopia, uveitis) and
(2) combined treatment (e.g., PDT in combination with antivascu-
lar endothelial growth factor drugs). If a patient had bilateral PCV
treated with PDT, the eye treated earlier that fulfilled the criteria of
this study was selected as the study eye for analysis. The greatest
linear dimension (GLD) used for PDT was based on the ICGA
findings and covered the entire PCV vascular lesion, including
polypoidal lesions and branching vascular network vessels.?? All
patients received PDT with verteporfin following the standard
protocol of treatment®? except for determination of the GLD. At 3
months after the first PDT for PCV, all patients underwent a repeat
ophthalmologic examination, including optical coherence tomog-
raphy or fluorescein angiography and ICGA, on which the need for
additional treatment was based. This sequence was followed dur-
ing the follow-up time at intervals of patient visits to the outpatient
clinic for up to 3 months. The retreatment-free period was calcu-
lated as the date of the first PDT to the date that the treating
physician opted for additional treatment for a persistent or new
lesion.

To evaluate the effect of GLD size, patients were divided into
3 groups according to the guidelines for PDT in Japan.2¢ The GLD
was =1800 um in the first group, 1800 to 5400 um in the second
group, and =5400 wm in the third group. Information on smoking
status (never smoked, ex-smoker, or current smoker) was obtained
by self-reported questionnaire.

Two methods were used for the current PDT study: (1)
survival analysis, with the retreatment-free period after the first
PDT being the target; and (2) logistic regression test between 2
subgroups to evaluate the initial response to PDT. Because
additional treatment with PDT is usually considered at 3 months
after the first PDT,!#25 the patients were classified into 1 of 2
groups by whether additional treatment was required within the
first 3-month follow-up. Those patients who required additional
therapy within 3 months after the first PDT (i.e., they continued
to show an exudative lesion or had a worsened exudative lesion)
were regarded as having a retreatment-free period of less than
3 months (Fig 1).

Multiplexing Single Nucleotide Polymorphism
Analysis

To identify susceptible SNPs for the retreatment-free period after
the first PDT, we used 31 of 160 PCV samples that were genotyped
with the Illumina GoldenGate assay across 638 SNPs of 42 genes
on a BeadStation 500G Genotyping System (Illumina, Inc., San
Diego, CA); this was customized to evaluate possible AMD/PCV
susceptible genes (listed in Table 1, available at http://aaojournal.
org.). Haploview?® software was used to infer the linkage disequi-
librium (LD) in the targeted regions; among the candidate SNPs,
LD indices (D’ and r°) were calculated with Haploview. To detect
an association between the gene and the response to PDT, 1
representative SNP was chosen from each region. To confirm the
positive association seen in the screening samples, 136 additional
patients were genotyped for the SNPs with the Tagman SNP assay,
which used the ABI PRISM 7700 system (Applied Biosystems,
Foster City, CA). The 31 PCV samples used in the initial screening
were also genotyped to validate concordance between the Gold-
enGate assay and the Tagman assay. Samples with a low success-
ful call rate (<95%) were excluded from the study.

Statistical Analyses

Survival analysis was conducted using Kaplan-Meier methods
to estimate differences among genotypes in the retreatment-free
period after the first PDT. The retreatment-free period of the
patients with no additional treatment was censored at the time
of last contact. To detect differences in survival, Breslow—
Gehan-Wilcoxon tests were -used. When a significant associa-
tion was found, the best fitting model (additive, dominant, or
recessive) was then investigated. The Hardy—Weinberg equilib-
rium for genotypic distribution was evaluated using the Hardy-
Weinberg equilibrium exact test. Descriptive statistics for all
demographic and clinical variables were calculated and com-
parisons were made using the unpaired ¢ test for means with
continuous data (e.g., age) and the chi-square test for categoric
data (e.g., gender). Logistic regression analysis was used to
evaluate the association for adjusting age, gender, smoking
status, GLD, and genotype considering the best fitting model.
Visual prognosis after treatment was compared by a repeated-
measures analysis of variance. P value correction was per-
formed with the Bonferroni method using the ratio of the
number of all genotyped SNPs in the screening procedure. For
overall survival analysis, P value correction was performed
with the Bonferroni method using the ratio of the number of
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Figure 1. Fundus photographs (A, E), fluorescein angiographs (B, F), indocyanine green angiographs (C, G), and optical coherence tomographs (D, H)
of a patient who received additional treatment within 3 months after the first PDT. This 72-year-old man with PCV in his right eye underwent PDT as
his first therapy. Before the treatment (A~D), his best-corrected visual acuity was 20/200 and ICGA revealed an active polyp (C, white arrow). Seventy-six
days after PDT (E-H), the treating physician opted to perform additional treatment because his best-corrected visual acuity decreased to 20/400, a new
macular hemorrhage appeared, and the polyp (G, white arrow) and exudative lesion (F, H) remained active.

selected SNPs from the screening. Significance was defined at
the 5% level.

Results

A total of 167 patients with PCV who underwent PDT as their first
therapy at | of 3 institutes were enrolled in the current study.
Demographic and clinical characteristics of each patient by insti-
tute involved are shown in Table 2.

Survival Analysis for the Retreatment-free Period

Of the 160 patients with PCV who were genotyped by the Illumina
GoldenGate assay, which launches 638 SNPs across 42 genes in
our previous study, 31 met the inclusion criteria of the current PDT
study and were used for the screening of genotype data. Because
57 SNPs with no call or scattered or overlapping clusters were
excluded from the analysis, 581 SNPs were evaluated by survival
analysis with the retreatment-free period. We identified 6 SNPs in
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4 genes (FBLNS, CX3CR1, SERPINF1, and TLR4), with the P
value adjusted for multiple testing <<0.05 (Table 3). At SERPINF1
gene, rs12103559 and rs1894286 were in strong LD (pair-wise D’
= 10 and /> = 1.0). By considering the LD and minor allele
frequency of 3 SNPs of this region, we selected rs12603825 as the
representative SNP of the SERPINF1 gene and tested a total of
4 SNPs in other patients. A total of 136 additional patients from
the 3 institutes were genotyped by the Tagman method. Geno-
typing success rates of the 4 SNP markers in the additional 136
samples were greater than 98.8%. In overall survival analyses,
SERPINF1 rs12603825 showed a significant association with
the retreatment-free period (P = 0.0117). Patients homozygous
for the minor allele of rs12603825 (i.e., a recessive model) were
given an additional treatment after the first PDT in significantly
shorter time periods than were the other genotypes (P =
0.0038), and this association remained significant after a permuta-
tion procedure for multiple test correction (corrected P = 0.015)
(Table 3, Fig 2).

There was no significant difference in the retreatment-free
period among the 3 GLD groups and the smoking status groups
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Table 2. Baseline Characteristics of the Study Population

Kyoto  Kobe City Fukushima Total
No. of patients 79 51 37 167
Mean age (yrs) 73.01 70.92 70.64 71.86
Gender \
Women 21(26.6) 18(35.3) 8(21.6) 47 (28.1)
Men 58(73.4) 33(64.7) 29(784) 120(71.9)
Mean visual acuity 0.552 0.605 0.573 0.573
(logMAR)
Smoking history
Never 26 (36.1) 22 (44.9) 15 (40.5) 63 (39.9)
Previous 27(3715)  21(42.9) 12 (32.5) 60 (38.0)
Current 19 (26.4) 6(12.2) 10 (27.0) 35(22.1)
Mean follow-up  1156.4 1084.6 1198.8 1143.8
(days) '
GLD
<1800 pm 13 (16.9) 3(6.3) 7(18.9) 23(14.2)
1800-5400 wm  60(77.9) 41(854)  28(75.7) 129 (79.6)
>5400 pm 4(5.2) 4(8.3) 2(6.4) 10(6.2)
Mean (um) 28175 3476.7 3150.5 3209.0

GLD = greatest linear dimension; logMAR = logarithm of the minimal
angle of resolution.

based on overall survival analysis (P = 0.214 and 0.166, respec-
tively). although borderline evidence of an association was ob-
served between never smoked and ex-smokers plus current smok-
ers (P = 0.060) (Fig 3).

Effect of Photodynamic Therapy

We investigated the association between the susceptible SNP
for the retreatment-free period and initial clinical response to
PDT. Of the 167 eyes eligible for this analysis, 13 required
additional treatment within 3 months after their first PDT, and
150 did not (Table 4); 4 patients with a follow-up of less than
3 months were excluded. Logistic regression analysis revealed
an independent association between SERPINF1 rs12603825
and these subgroups for age, gender, smoking status, and GLD
(P = 0.0027). We next conducted a survival analysis of the
retreatment-free period in 150 PCV eyes that had been inacti-
vated with a single PDT to evaluate whether this SNP was
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Figure 2. Overall survival analysis curve for the retreatment-free period
among patients with the genotype of rs12603825. Patients with AA
genotype were administered additional treatment afrer the first PDT
within a significantly shorter period of time than those with cother geno-
types (P = 0.0038).

associated with recurrence of PCV, but there was no significant
difference in the retreatment-free period among genotypes of
rs12603825 (P = 0.36), even after adjusting the recessive
model (P = 0.16) (Fig 4, available at http://aaojournal.org.).

Visual Outcomes

The visual outcomes after PDT were examined. Seventy-five pa-
tients from Kyoto University Hospital were followed up for more
than 1 year after their first treatment. Although no significant
difference in visual outcomes was observed in lesion size or
smoking status (P = 0.523 and 0.468, respectively) (Fig 5, avail-
able at http://aaojournal.org.), visual outcomes of patients with the
AA genotype of SERPINF1 rs12603825 were significantly worse
than those with other genotypes (P = 0.013) (Fig 6).

Table 3. Association Results of Survival Analysis from Screening and Overall Genotyping

Screening Sample

(n5 31) All Sample (n 5 167)

SNP Chr* Position™ Ref. Var." Gene* Corrected P¥ MAF HWE P* Nominal P
1517732513 14 91456132 C T FBLNS5 0.000129 0.33 0.39 0.834
1517793056 3 39284219 C T CX3CR1 0.00482 0.31 0.54 0.198
rs12603825 17 1620155 G A SERPINF1 0.000195 0.28 0.65 0.0117
1512103559 17 1622128 G A SERPINF1 0.000107 - - -
151894286 17 1623659 C T SERPINF1 0.000162 - - -
511536889 9 119517952 G C TLR4 0.00021 0.23 0.24 0.733
Best-fitting model for significant results
rs12603825 Recessive model 0.0038

HWE = Hardy-Weinberg equilibrium; MAF = minor allele frequency; SNP = single nucleotide polymorphism.

*Chromosome and position of markers refer to NCBI Build 36.1.

"Ref. and Var. are the reference and variant nucleotides, respectively, that are defined on the reference sequence of NCBI Build 36.1.
*Hardy-Weinberg equilibrium for genotypic distribution was examined by the Hardy-Weinberg equilibrium exact test.

P value corrected for multiple testing using the Bonferroni method.
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Discussion

The present study found a significant association between
the SERPINFI gene variants and the clinical response of
PCV to PDT; those patients who were homozygous for the
minor allele A of SERPINFI rs12603825 were administered
an additional treatment within a significantly shorter period
of time after the first PDT, were significantly less apt to be
inactivated by a single treatment (independently of baseline
clinical characteristics and smoking status), and had signif-
icantly worse visual acuity after PDT than those with no
more than 1 copy of the minor allele.

SERPINF! gene encodes serpin peptidase inhibitor,
clade F, member 1, which is also referred to as pigment
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Figure 3. Overall survival analysis curve for the retreatment-free period
by the 3 groups of GLD (A) and smoking status (B). There was no
significant difference among these groups (P = 0.214 and 0.166, respec-
tively), although borderline evidence of an association was observed
between those who never smoked and ex-smokers plus current smokers

(P = 0.060).
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Table 4. Clinical Characteristics and Genotype Distribution of
the Study Population by Response to Single Photodynamic

Therapy
Photodynamic ~ Photodynamic
Therapy Therapy Adjusted P
Less Effective® Effective* Value®

No. of patients 13 150
Mean age (yrs) 69.92 72.19 0.222
Gender 0.283

Women 4(30.8) 42 (28.0)

Men 9 (69.2) 108 (72.0)
Smoking history 0.489

Never 4(36.4) 59 (41.3)

Previous 4(36.4) 55 (38.5)

Current 3(27.2) 29 (20.3)
GLD 0.677

<1800 pm 2(15.4) 18 (12.4)

1800-5400 pm 10 (76.9) 118 (81.4)

>5400 pm 1 (7.7 9(6.2)
SERPINFI_rs12603825 (GA+GG) vs. AA 0.0027

AA 4 (30.7) 10 (6.8)

GA 2(154) 60 (40.5)

GG 7(53.8) 78 (52.7)

GLD = greatest linear dimension. )

*Patients were divided into 2 subgroups by whether additional treatment
was required within the first 3-month follow-up after a single PDT. Less
effective = required; effective = not required.

*Adjusted for age, gender, smoking status, greatest linear dimension, and
genotype.

epithelium-derived factor (PEDF), and was purified first
from conditioned medium of human retinal pigment ep-
ithelial cells as a factor with potent neural differentiating
activity.?” Subsequent studies have revealed significantly
reduced expression of PEDF in retinal pigment epithelial
cells, Bruch’s membrane,?8?° and the vitreous®® of eyes
with AMD, whereas other studies have demonstrated the.
impact of PDT on the expression of PEDF.3!=33 By taking
into consideration that PEDF inhibits the migration of
endothelial cells in vitro and the in vivo development of
experimental retinal neovascularization and choroidal
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Figure 6. Visual prognosis by SERPINF1 rs12603825 after PDT. Visual
outcomes of patients with the AA genotype were significantly worse than
those with other genotypes (P = 0.013). Error bars represent * 1 standard
error of the mean. logMAR = logarithm of the minimum angle of
resolution.



Nakata et al -+ PEDF and Response to Photodynamic Therapy in PCV

neovascularization,>*~3¢ the findings are consistent with

those of the present study showing an association be-
tween the PEDF gene variants and the response to PDT.

The present study also shows the possibility that PEDF
polymorphisms affect PEDF expression in eyes with PCV.
We then evaluated whether rs12603825 affects PEDF gene
expression in vivo using the raw data deposited in the Gene
Expression Omnibus®’ as GSE 6536 (available at: http:/
www .ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE6536,
accessed July 1, 2010). However, there proved to be no
association between SERPINF1 rs12603825 and PEDF
gene expression (P = 0.689, analysis of variance test), and
no significant differences in the baseline clinical character-
istics among various genotypes of this SNP (Table 5, avail-
able at http://aacjournal.org.). Thus, the PEDF polymor-
phism may not result in the phenotypic difference via a
change in PEDF gene expression. PEDF polymorphisms
may influence the binding affinity to the receptor or indi-
rectly affect PEDF expression after PDT by affecting the
pathway between PDT and the PDT-induced change of
PEDF expression.

As shown by the patients with rs12603825 AA genotype
(Fig 1), another possibility regards PEDF polymorphisims as
determinants of the probability of hemorrhage after PDT in
eyes with PCV, which influences visual prognosis in the
long term. All 3 patients with a macular hemorrhage among
those who required additional treatment within 3 months
after PDT had an rs12603825 AA genotype. Recurrent
hemorrhage is one of the most symbolic signs of PCV,!92!
and visual outcome is poor in eyes that have a massive
subretinal hemorrhage involving the macula.'**® Further-
more, subretinal hemorrhage after PDT is a common finding
in patients with PCV .>*#0 Yokoi et al*! reported that PEDF
levels in vitreous fluid were associated with vitreous hem-
orrhage in proliferative diabetic retinopathy, but the rela-
tionship between hemorrhage and PEDF is not fully under-
stood. With this hypothesis in mind, our study may enhance
our understanding of the mechanisms of hemorrhage in
PCV.

Previous studies have shown the possibility that small
lesions in patients with AMD respond better to PDT than
larger lesions,!?#2 but the current study found no significant
association between baseline lesion size and response to
PDT. Conversely, we found that individuals who never
smoked were less prone to recurrence than ex-smokers or
current smokers. This result seems to be in agreement with
the numerous studies that have shown smoking to be a risk
factor for the development of AMD**~46 and that smoking
strongly influences the development of PCV.!8-20

Study Limitations

One limitation of the present study is the number of partic-
ipants. We found no significant association between
rs12603825 and the retreatment-free period in eyes with
PCV that responded to a single administration of PDT,
although patients homozygous for the minor allele did tend
to be administered additional treatment within a shorter
period of time than those with other genotypes in the long
term (Fig 4, available at http://aaojournal.org.). This ten-

dency might reach statistical significance if the number of
patients were increased. Other reports have demonstrated an
association between the initial response and the risk of
recurrence in other diseases.*’#® Another limitation is the
subgroup that initially responded to PDT may not represent
a true difference in histologic response to PDT, because this
relied on clinical information. Further basic research is
needed to better characterize the relationship between the
PEDF gene and the response to PDT. Another limitation is
the absence of evaluation for the response to repeated treat-
ments of PDT. Approximately half of the patients who
noted less-effective responses to the first PDT received
other treatments (e.g., anti-VEGF therapy or combined
treatment) as their additional therapy. Further validation
studies (e.g., prospective study) are obviously needed to
clarify the detailed clinical response to PDT.

In conclusion, this study provides the first evidence that

~ clinical, environmental, and genetic factors influence the

response of PCV to PDT: PEDF gene variants associate
independently with their response to PDT. Although it re-
mains controversial as to whether PCV represents a subtype
of neovascular AMD, the response to PDT is completely
different for PCV and for neovascular AMD. Intravitreal
injection of adenoviral vectors containing PEDF comple-
mentary DNA has been suggested to be a viable approach to
therapy for neovascular AMD;**-5? thus, our findings may
lead to ways to modify the effects of PDT, to new methods
of treatment using these materials, and to an understanding -
of the pathogenesis of PCV.
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Association of 15q14 and 15q25 with High Myopia

in Japanese

Hisako Hayashi,'* Kenji Yamashiro," Hideo Nakanishi,"? Isao Nakata,**
Yumiko Kurashige,"* Akitaka Tsujikawa," Muka Moriyama,”> Kyoko Obno-Matsui,
Manabu Mochizuki,> Mineo Ozaki,* Ryo Yamada,*> Fumibiko Matsuda,”

and Nagabisa Yoshimura'

Purpose. To investigate whether there are associations of
genetic variations in chromosome 15q14 and 15q25, recently
shown to confer risk of refractive error and myopia in Cauca-
stans, with high myopia in Japanese.

MeTHODS. A total of 1125 unrelated Japanese patients with
high myopia and two independent control groups were eval-
uated (366 cataract patients without high myopia and 929
healthy Japanese patients). The four single nucleotide polymor-
phisms (SNPs) rs634990 and 15524952 at 15q14 and rs8027411
and 117175798 at 1525 were genotyped.

“ResuLts. A significant association with high myopia was ob-
served in 15q14 (P = 0.0035 for 15634990 and P = 0.0017 for
r$524952 when evaluated with cataract controls and P =
1.91 X 10° for rs634990 and P = 8.78 X 107 for rs524952
with healthy Japanese controls). When evaluated with cataract
controls, the odds ratios (95% confidence intervals) were 1.30
(1.10-1.53) for rs634990 C allele and 1.32 (1.11-1.56) for
r$524952 A allele. The population attributable risks were 0.29
and 0.30, respectively. The SNPs in 15¢25 did not show a
significant association with high myopia when evaluated with
cataract control (P > 0.42), while it showed a weak association
when evaluated with healthy Japanese controls (P = 0.031 for
r$8027411 and P = 0.047 for rs17175798) with odds ratios of
1.17 (1.03-1.33) for rs8027411 T allele and 1.15 (1.02-1.31)
for rs17175798 C allele.

Concrusions. These findings suggest that a region in 15q14 is
susceptibility loci for high myopia. This locus harbor suscep-
tibility genes for not only common myopia but also for high
myopia. The 15q25 locus might also have association to
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myopia. (Invest Opbtbalmol Vis Sci. 2011;52:4853-4858)
DOL:10.1167/iovs.11-7311

yopia is the most common visual disorder in the world,

with the prevalence estimated to be 25% in the United
States and Western Europe and to be much higher (40%-70%)
in Asians, including Chinese and Japanese.'~> Myopic eyes with
very long axial lengths (=26 mm) or a high degree of myopic
refractive error (= —6 D) are classified as high myopia.® Re-
cently, the prevalence of high myopia has been increasing
worldwide, especially in the younger East Asian population.”®
It is well known that high myopia is associated with various
ocular complications,” and it is one of the leading causes of
legal blindness in developed countries.''? Therefore, it is
important to develop methods for preventing or delaying the
onset of high myopia or for limiting its progression.

The cause of myopia is not fully understood, and, in fact, it
is not yet clear that common myopia and high myopia share
the same background; high myopia may have a unique back-
ground that distinguishes it from common myopia. It has been
shown that environmental factors (in particular near work, a
higher level of education, and less time spent in outdoor
activities) and genetic factors contribute to the development of
myopia.'® Twin studies provide compelling evidence that my-
opia is inherited,*** and multiple family-based whole genome
linkage analysis indicate several heritable myopia susceptibility
loci, such as the MYP1-18 loci.'®~*! Some of these loci are
reported to be associated with common myopia, high myopia,
or both. However, several studies could not replicate these
associations.>?~>* In addition, many candidate genes associated
with high myopia have been reported.?>** However, most of
these associated candidate genes have been negated by subse-
quent studies, and no genes have yet been identified that are
consistently responsible for either common or high myopia.

Genome-wide association studies (GWAS) are expected to
reveal the susceptibility genes of many complex diseases, as
shown in agerelated macular degeneration (AMD). We per-
formed the first genome-wide association study for high myo-
pia and showed that several single nucleotide polymorphisms
(SNPs) at 11q24.1 are associated significantly with high myopia
in Japanese.‘” However, a study in Han Chinese did not show
the association of rs577948, one of the SNPs, with high myo-
pia.#

Recently, two other groups have performed GWAS for re-
fractive error and showed that SNPs in 15q14 and 15q25 are
associated with refractive error and myopia,***” but the co-
horts used in these two studies were population-based, and
only a limited number (1.7%-4.0%) of patients with high my-
opia were included. Although it is not clear if common and
high myopia share the same genetic background, some MYP
loci are reported to be associated with both common myopia
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and high myopia. In this study, we evaluated the associations of
reported SNPs with high myopia in Japanese.

Moreover, we investigated their associations with the oc-
currence of choroidal neovascularization (CNV) in high myo-
pia. Some highly myopic eyes develop CNV, while other highly
myopic eyes do not, and because CNV is one of the most
vision-threatening complications in highly myopic eyes, the
investigation of the mechanisms of how it occurs is important.
‘We evaluated the influence of susceptibility genes for neovas-
cular AMD on the occurrence of CNV in myopic eyes and
found that these genes do not affect the development of my-
opic CNV.*® Axial elongation of highly myopic eyes results in
thinning of the retina and choroid, patchy chorioretinal atro-
phy, and lacquer cracks, all of which are important predispos-
ing conditions for the development of CNV.*>3 It could be
hypothesized that CNV occurs when the eye is strongly af
fected by susceptibility genes for myopia, or it may be that
specific susceptibility genes exist for myopic CNV— genes that
are in addition to the susceptibility genes for myopia.

MATERIALS AND METHODS

All procedures in this study adhered to the tenets of the Declaration of
Helsinki. The institutional review boards and the ethics committees of
each institution involved approved the protocols of this study. All
patients were fully informed of the purpose and procedures of this
study, and written consent was obtained from each patients.

Patients

One thousand one hundred twenty-five unrelated highly myopic Japa-
nese patients were recruited from Kyoto University Hospital, Tokyo
Medical and Dental University Hospital, Ozaki Eye Hospital, and Otsu
Red-cross Hospital (mean age = SD, 57.6 = 14.8 years; male/female
ratio, 33.5%/66.5%). All patients had a comprehensive ophthalmic
examination, including dilated indirect and contact lens slit lamp
biomicroscopy, automatic objective refraction, and measurements of
the axial length by applanation A-scan ultrasonography or partial co-
herence interferometry (IOLMaster; Carl Zeiss Meditec, Dublin, CA).
The difference between these two devices would be around 0.1 mm.??
When a patient who visited the aforementioned hospitals had an axial
length of >26.1 mm in both eyes, peripheral blood was obtained after
informed consent and used as high-myopia patients group. To evaluate
the contribution of the SNPs between high myopic patients with CNV
and high myopic patients without CNV, the high myopic patients
group was separated into a CNV group (600 patients) and a no CNV

TasiE 1. Characteristics of the Study Population
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group (450 patients). Inclusion criteria of the CNV group were clinical
presentation and angiographic manifestations of macular CNV or
Fuchs’ spot in at least one eye.

As the control subjects, we used 366 cataract patients with axial
lengths <25.0 mm in both eyes (control 1), These patients were
recruited from the Department of Ophthalmology at Kyoto University
Hospital, the Ozaki Eye Hospital, the Japanese Red Cross Otsu Hospital,
and Nagahama City Hospital; their mean age (£ SD) was 74.4 = 8.4
years, and there were 39.9% men and 60.1% women. The axial length
was measured with applanation A-scan ultrasonography or partial co-
herence interferometry before cataract surgery and dilated fundus
examination was performed after surgery. If the fundus examination
revealed myopic change such as lacquer cracks/peripapillary atrophy,
staphyloma or CNV, the subject was eliminated from the control 1
group.

We also used DNA samples from 929 subjects who were randomly
selected from the Pharma SNP Consortium (PSC); this constituted
control group 2. This group has been used for previous genomic
studies and is regarded as being representative of the general Japanese
population (mean age * SD, 38.8 * 11.8 years; male/female ratio,
61.7%/38.3%).%" All were Japanese and none had any history of ocular
disease.

Genotyping and Statistical Analyses

Genomic DNAs were prepared from peripheral blood using a DNA
extraction kit (QuickGene-610L; Fujifilm, Minato, Tokyo, Japan). Four
SNPs (rs634990, 15524952, rs8027411, and rs17175798) were selected
based on their specific presence in two previous GWAS; they were
genotyped using a commercially available assay (TagMan SNP assay
with the ABI PRISM 7700 system; Applied Biosystems, Foster City, CA).
Deviations in genotype distributions from the Hardy-Weinberg equi-
librium (HWE) were assessed for each group with the HWE exact test.
The x? test for trend or its exact counterpart was used to compare the
genotype distributions of two groups. To adjust age and sex, we
performed multiple regression and logistic regression analysis. These
statistical analyses were performed with R software R (R Foundation
for Statistical Computing, Vienna, Austria, available at http://www.
rproject.org/). P < 0.05 was considered statistically significant.

Resurts
The demographics of the study population are shown in Table 1.

The axial length of the 2258 eyes of the 1129 high myopia
cases ranged from 26.11 to 39.73 mm, with a mean * SD of

Patients Controls
High Myopia* Cataractf PSCt
Patients, n 1125 366 929
Age in years, Mean = SD 57.57 = 14.75 74.40 * 8.37 38.81 = 11.83

Sex, 11 (%)

Male 377 (33.5%) 146 (39.9%) 573 (61.7%)

Female 748 (66.5%) 220 (60.1%) 356 (38.3%)
Axial length, mm * SD

Right eyes 29.18 £ 1.95 23.05 = 1.00 NA

Left eyes 29.01 = 2.16 23.01 £ 1.66 NA
Refraction of the phakic eyes, D§

Right eves —10.79 = 6.96 —0.23 £ 2,56 NA

Left eyes -10.36 = 5.82 —-0.11 = 2.52 NA

* Axial length of >26.1 mm in both eyes.

1 Individuals who underwent cataract surgery and who had an axial length <25.00 mm in both eyes.
+ DNA samples randomly selected from the Pharma SNP Consortium (PSC).
§ For calculations of refraction, eyes that had undergone cataract surgery or corneal refractive surgery

were excluded.
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TABLE 2. Genotype Counts, Associations, and Odds Ratios in the High Myopia Patients and Cataract Controls
Genotype
Locus SNP ID High Myopia Controls p* Adjusted P+ OR (95% CI) PAR
15q14 5634990 (C/T) CcC 304 84 0.0026 0.0035 1.65 (1.19-2.29) 0.29
CcTr 571 165 1.58 (1.19-2.09)
TT 246 112 1.00 (ref)
1s524952 (A/T) AA 303 81 0.0015 0.0017 1.70 (1.22-2.37) 0.30
AT 572 164 1.59 (1.19-2.11)
TT 244 111 1.00 (ref)
15925 rs8027411 (G/T) T 428 116 0.17 0.42 0.87 (0.60-1.26) 0.03
GT 525 193 1.17 (0.82-1.67)
GG 166 52 1.00 (ref)
1517175798 (C/T) CC 422 117 0.25 0.60 1.12 (0.77-1.62) 0.04
CTr 528 193 0.85 (0.60-1.20)
T 171 53 1.00 (ref)

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; PAR, population attributable risk.
* Differences in the observed genotypic distribution were examined by x? test for trend.
1 Age and sex adjustment was performed based on a logistic regression model.

29.09 * 2.04 mm. Among the 2250 eyes enrolled, 1753
(77.9%) were phakic, 427 (19.0%) were pseudophakic, and 70
(3.1%) were aphakic. The mean refraction of the 1753 phakic
eyes was —10.52 = 6.71 D. The axial length of the 732 eves of
the cataract patients ranged from 18.67 to 24.89 mm, with a
mean * SD of 23.02 * 1.28 mm. Mean refraction of the phakic
eyes in control group 1 was —0.14 * 2.2 D.

Genotype counts, associations examined with x? test for
trend, and odds ratios for the four SNPs between the high
myopia patients and the controls are shown in Tables 2 and 3.
The distributions of the genotypes for the four SNPs were all in
HWE (P > 0.1), as assessed with the exact test. Rs634990 and
r$524952 were in almost complete linkage disequilibrium, as
were r$8027411 and rs17175798 (D' > 0.95).

When evaluated with control group 1 (cataract patient
controls, 7 = 366), the SNPs r$634990 and rs524952 in 15q14
showed a significant association with high myopia (P = 0.0035
and 0.0017, respectively). The odds ratios (95% confidence
intervals [CIs]) were 1.30 (1.10-1.53) for r$634990 C allele and
1.32 (1.11-1.56) for 1s524952 A allele. When evaluated with
control group 2 (healthy Japanese controls, »n 929), these
two SNPs showed strong association with high myopia (P =
2.21 X 107% and 1.62 X 107¢, respectively). The odds ratios
were 1.36 (1.20-1.54) for 15634990 C allele and 1.37 (1.21-

1.55) for rs524952 A allele. The population attributable risk
(PAR) was 0.29 for rs634990 and 0.30 for rs524952 when
evaluated with both controls, and the risk alleles were the
same as those reported previously.

The variants in 1525 (rs8027411 and rs17175798) showed
no association to high myopia when evaluated with control
group 1 (n = 366), while these two SNPs showed marginal
associations (P = 0.031 and 0.047, respectively) when evalu-
ated with control group 2 (2 = 929). The minor allele frequen-
cies in these two controls were very similar; 0.41 for both SNPs
in control group 1 and 0.42 for both SNPs in control group 2,
and the risk alleles seemed to be the same as those reported
previously. The odds ratios were 1.13 (0.95-1.34) for rs8027411
T allele and 1.10 (0.93-1.31) for 1517175798 C allele when eval-
uated with control group 1 and 1.17 (1.03-1.33) and 1.15 (1.02~
1.31), respectively, when evaluated with control group 2. The
PARs were 0.03 for rs8027411 and 0.04 for rs17175798 when

- evaluated with control group 1 and 0.17 and 0.14, respectively,

when evaluated with control group 2.

Associations for the four SNPs with CNV in highly myopic
eyes of the Japanese population in this study are shown in
Table 4. We analyzed the genotype distributions for r5634990,
15524952, rs8027411, and rs17175798 in high myopia patients
with CNV and compared them with high myopia patients

TaBLE 3. Genotype Counts, Associations, and Odds Ratios in the High Myopia Patients and Pharma SNP Consortium Controls

Genotype
Locus SNP ID High Myopia Controls p= Adjusted Pt OR (95% CD) PAR
15q14 r$634990 (C/T) CC 304 191 1.1 X 107¢ 1.91 X 107° 1.84 (1.44-2.36) 0.29
CT 571 442 1.50 (1.21-1.85)
T 246 285 1.00 (red)
18324952 (A/T) AA 303 191 7.60 X 1077 878 X 1077 1.86 (1.45-2.39) 0.30
: AT 572 444 1.51 (1.22-1.86)
TT 244 286 1.00 (ref)
15q25 rs8027411 (G/T) T 428 310 0.013 0.031 1.37 (1.06-1.78) 0.17
GT 525 445 1.17 (0.91-1.51)
GG 166 165 1.00 (xebd)
1517175798 (C/D CC 422 309 0.026 0.047 1.32(1.02-1.71D) 0.14
CT 528 453 1.12 (0.88-1.44)
T 171 165 1.00 (ref)

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence mterval PAR, population attnbutable risk.
* Differences in the observed genotypic distribution were examined by x* test for trend.
t Age and sex adjustment was performed based on a logistic regression model.



