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ceptors as well as an indirect effect via the recruitment of
monocytes.

In conclusion, we demonstrate that TNFa upregulation

after RD plays a critical role in photoreceptor degeneration.
The neurotoxic effects of TNFa on photoreceptors are me-
diated through its chemotactic properties, which lead to
monocyte recruitment and monocyte-generated oxidative
stress and possibly by a direct effect of TNFa on the pho-
toreceptors. Blockade of TNFa and/or its receptors may
provide new therapeutic avenues to treat photoreceptor
degeneration in the setting of RD and of other retinal disor-
ders that share common features.
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Polymorphisms in ARMS2 (LOC387715) and LOXL1
Genes in the Japanese With Age-Related Macular
Degeneration

NOBUO FUSE, MINGGE MENGKEGALE, AKIKO MIYAZAWA, TOSHIAKI ABE, TORU NAKAZAWA,
RYOSUKE WAKUSAWA, AND KOH]JI NISHIDA

® PURPOSE: To determine whether polymorphisms in the
ARMS2 (LOC387715) gene and the lysyl oxidase-like 1
(LOXL1) gene are associated with age-related macular
degeneration (AMD) in Japanese patients.

® DESIGN: Clinically relevant laboratory investigation.
® METHODS: Forty-one unrelated Japanese subjects with
dry AMD, 50 subjects with exudative (wet) AMD, and 60
subjects with polypoidal choroidal vasculopathy (PCV)
were studied. The single nucleotide polymorphisms
(SNPs), p.Ala69Ser of the ARMS2 gene and p.Argl41Leu
of the LOXLI1 gene, were amplified by polymerase chain
reaction, directly sequenced, and genotyped.

® RESULTS: For the ARMS2 gene, the genotype fre-
quency of the p.Ala69Ser single nucleotide polymor-
phism in eyes with dry AMD was not significantly
different from that in the controls (P = .04), but the
frequency was significantly higher in the exudative AMD
group (P = 3.1 X 107®) and PCV group (P = 6.9 X
1072). For the LOXLI gene, the genotype frequency of
the p.Argl4lLeu single nucleotide polymorphism was
not statistically higher in the dry AMD and PCV groups
than in the control group (dry AMD, P = .05; PCV, P =
.16), but was statistically higher in the exudative AMD
group (P = 6.8 X 107>). Regression analyses showed
significant associations between the ARMS2 gene and
LOXL1 gene in patients with exudative AMD.

® CONCLUSIONS: The p.Ala69Ser polymorphism of the
ARMS2 gene is strongly associated with exudative AMD
and PCV and is associated marginally with dry AMD.
The polymorphisms in the LOXL1 gene did not predis-
pose the individual to dry AMD and PCV. These findings
suggest that there is a significant association between the
ARMS2 gene and LOXL1 gene in exudative AMD.
(Am ] Ophthalmol 2011;151:550-556. ©@ 2011 by
Elsevier Inc. All rights reserved.)
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the most frequent cause of irreversible blindness in

the elderly in developed countries. AMD is a
complex disorder that is genetically associated with multiple
susceptibility loci. Both genetic predispositions’ and environ-
mental factors, such as smoking,*~® play important roles in
the pathogenesis of AMD. AMD is broadly classified as either
dry, nonneovascular or wet, or exudative neovascular AMD.
The primary clinical sign of dry AMD is the presence of
drusen with indistinct margins that are located between the
retinal pigment epithelium and Bruch membrane. Drusen are
small yellow or white accumulations of extracellular material.
The proteins in drusen include apolipoproteins and members
of the complement system. The primary clinical sign of
exudative AMD is choroidal neovascularizations (CNVs)
that develop from new blood vessels beneath the retina in the
subretinal space.

Phenotypic and genetic heterogeneity makes the determi-
nation of the cause of AMD difficult. In the United States
and Europe, approximately 85% to 90% of the patients
diagnosed with AMD’ have dry AMD, with a high preva-
lence of eyes with drusen. However, the exudative, or wet
type, of AMD is more common in Japanese persons.® Earlier
studies have shown that there are substantial differences in
the phenotype and frequencies of single-nucleotide polymor-
phisms (SNPs) between the 2 ethnic groups.

Recently, 2 major genes, the complement factor H (CFH)
gene on chromosome 1g31°~! and ARMS2/HTRAI gene on
chromosome 10g26,'*'* were shown to be significantly
associated with a distinct component of the AMD phenotype
in 2 different biological pathways. ARMS?2 is located in the
ellipsoid, a mitochondria-concentrated part of human photo-
receptor cells, and HTRAI is a serine protease gene. Poly-
morphisms in ARMS2 were associated with a decrease in the
stability of the mRNA of the ARMS2 gene."” HTRAI seems
to regulate the degradation of extracellular matrix proteogly-
cans. CFH is a component of an innate system that modulates
inflammation through the C3 component, and it influences
the formation of drusen that characterize dry AMD. How-
ever, ARMS2/HTRAI influences the formation of CNVs, the
hallmark of exudative AMD.

Thorleifsson and associates used a genome-wide scan to
show a strong association between SNPs in the lysyl oxidase—
like I (LOXLI) gene and pseudoexfoliation syndrome (XES;

ﬁ GE-RELATED MACULAR DEGENERATION (AMD) IS
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doi:10.1016/j.ajo.2010.08.048



OMIM:177650).16 XFS is a generalized disorder of the extra-
cellular matrix characterized by the pathologic accumulation
of abnormal fibrillar material in the anterior segment of the
eye.!™° The LOXLI gene is a member of the lysyl oxidase
family of proteins that catalyzes the oxidative deamination of
the lysine residues of tropoelastin,” and the homeostasis of
elastic fibers requires the lysyl oxidase-like 1 protein.?! Thus,
the lysyl oxidase family of proteins plays important roles in
elastogenesis.

In the pathogenesis of AMD, the age-related degradation
of the elastic lamina of the Bruch membrane may permit the
growth of CNVs. It recently was reported that the elastic
lamina of the Bruch membrane in LOXLI-deficient mice was
fragmented and less continuously than in controls, and these
alterations led to more aggressive CNV growth after laser
photocoagulation.?” It was also suggested that the elastin
gene (ELN) was a susceptibility gene for polypoidal choroidal
vasculopathy (PCV) and that a different pathogenic process
may be involved in the phenotypic expression of neovascular
AMD and PCV.?*> However, we are not aware of any study
that has examined the relationship between the common
polymorphisms in the LOXLI gene and the presence of
AMD.

The relative homogeneous and well-characterized Japanese
population provides a unique opportunity to evaluate the
possible association between AMD and the mRNA stability-
related ARMS?2 gene and the elastin-related LOXLI gene. In
addition, the factors that explain why some individuals
develop the more aggressive exudative AMD, whereas others
have the slowly degenerating dry AMD, have not been
determined. Thus, the purpose of this study was to investigate
the association between the SNPs of the ARMS2 and LOXL 1
genes and the phenotypes of Japanese patients with dry
AMD, exudative AMD, and PCV.

METHODS

WE STUDIED 41 UNRELATED JAPANESE PATIENTS WITH DRY
or geographic atrophic AMD (grade 4**; 34 men and 7
women; mean age, 73.3 £ 9.2 years), 50 unrelated Japa-
nese patients with exudative AMD (grade 5°*; 40 men and
10 women; mean age, 71.3 *= 8.2 years), 60 unrelated
Japanese patients with PCV (48 men and 12 women; mean
age, 70.3 = 9.2 years), and 138 Japanese controls who
represent normal individuals of older age (101 men and 37
women; mean age, 68.6 = 7.4 years) with no signs of
macular disease (stage 0). All of the subjects were from the
Ophthalmology Clinic of the Tohoku University Hospital,
Miyagi, Japan, and standard ophthalmic examinations
were performed on all subjects.

Genomic DNA was extracted from the leukocytes of
peripheral blood and was purified with the Qiagen QlAamp
Blood Kit (Qiagen, Valencia, California, USA), and the
SNPs 510490924 or p.Ala69Ser of the ARMS2 gene and
151048661 or p.Argl41Leu of the LOXLI gene were amplified
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by polymerase chain reaction, directly sequenced, and geno-
typed. The 2 primer sets for 1510490924 of ARMS2 were
5'-TTC AAA TCC CTG GGT CTC TG-3' and 5'-CTG
CTG CTG CTC AGT TTC CT-3', and the sequencing
primer was 5'-GAC CTC TGT TGC CTC CTC TG-3'. For
151048661 of exon 10f LOXLI, the 2 primer sets were
5"-CTC AGC GCT CCG AGA GTA G-3' and 5'-ACA
CGA AAC CCT GGT CGT AG-3".

These primers were used under standard polymerase chain
reaction conditions. The amplifications of the 2 SNPs were
performed at 60 C annealing temperature. The polymerase
chain reaction fragments were purified by ExoSAP-IT (USB,
Cleveland, Ohio, USA) and were sequenced with the BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Perkin-
Elmer, Foster City, California, USA) on an automated DNA
sequencer (ABI PRISM 3100 Genetic Analyzer
Perkin-Elmer).

® OPHTHALMIC EXAMINATION, DEFINITIONS, AND SUBTYPE
CLASSIFICATION OF AGE-RELATED MACULAR DEGENERA-
TION: All of the subjects underwent a complete ophthalmic
examination, including visual acuity measurement, slit-lamp
biomicroscopy of the fundi, color fundus photography, optical
coherence tomography, fluorescein angiography, and indo-
cyanine green angiography. The type and status of the AMD
was made by 2 retina specialists (R.W. and T.A.) before the
genetic analyses.

The dry AMD subjects had many large, soft drusen,
geographic atrophy with adjacent soft drusen without neo-
vascularization, or both. The exudate AMD subjects had clear
vascular CNV networks or diffuse staining of CNV mem-
branes in the fluorescein angiography or indocyanine green
angiography images, or both. The PCV patients had charac-
teristic abnormal vascular network of choroidal vessels with
polyp-like dilations at the terminals of the branches in the
fluorescein angiography or indocyanine green angiography
images, or both.?’

The AMD subtypes were diagnosed and classified using the
criteria of the Age-Related Eye Disease Study Research
Group.?* The inclusion criteria were: age 50 years or older,
diagnosis of AMD in one or both eyes, and no other
retinochoroidal diseases, for example, high myopia (> —6
diopters, spherical equivalent), angioid streaks, central serous
chorioretinopathy, and possible ocular histoplasmosis. The
control subjects were confirmed not to have clinical evidence
of AMD by the findings in the same complete ophthalmo-
logic examination that was used to identify the AMD
patients.

® STATISTICAL ANALYSES: The genotypes were in Har-
dy—Weinberg equilibrium. The significance of differences in
the genotype frequencies among the cases and controls was
tested by the Fisher exact test, depending on the cell counts.
P values and odds ratios (approximated to relative risk) were

calculated as a measure of the association between the
ARMS? and LOXLI genotype and the phenotype of AMD,
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TABLE 1. ARMS2 Allele Frequencies in Japanese Patients with Dry AMD, Exudative AMD,
PCV, and in Controls

SNP p.AB9S (rs10490942 G/T) P Value? Odds Ratio (95% ClI)
Allele T G
Dry AMD (n = 41) 0.476 0.524 .01 0.53 (0.32 to 0.88)
Exudative AMD (n = 50) 0.680 0.320 8.1 X 107" 4.39 (2.69 to 7.17)
PCV (n = 60) 0.467 0.533 7.7 x10° 1.80(1.17 to 2.80)
Control (n = 138) 0.326 0.674

AMD = age-related macular degeneration; Cl = confidence interval; PCV = polypoidal choroidal
vasculopathy; SNP = single nucleotide polymorphism.
?The significance of the association was determined by a contingency table analysis using the

chi-square test.

TABLE 2. Frequency of Genotypes p.A69S of ARMS2 Gene in Patients with Dry AMD,
Exudative AMD, PCV, and Control Subjects

ARMS2 p.A69S Variant Dry AMD (n = 41) Exudative AMD (n = 50) PCV (n = 60) Control (n = 138)
T/T 8(19.5%) 24 (48.0%) 18(30.0%)  16(11.6%)
T/G 23 (56.1%) 20 (40.0%) 20 (33.3%) 58 (42.0%)
G/G 10 (24.4%) 6 (12.0%) 22 (36.7%) 64 (46.4%)
P value? .04 3 ¥ 10 6.9 X 1078

AMD = age-related macular degeneration; PCV = polypoidal choroidal vasculopathy.
Data presented are number of patients, unless otherwise indicated.
2The significance of the association was determined by a contingency table analysis using the

chi-square test.

with the effects of the mutant allele assumed to be dominant
(wild/wild vs wild/mutant and mutant/mutant combined).
For each odds ratio, the P values and 95% confidence
intervals were calculated using the SNPAlyze program ver-
sion 4.0 (Dynacom, Yokohama, Japan). The significance of
associations was determined by contingency table analysis
using the chi-square or Fisher exact test. The Hardy—Wein-
berg equilibrium was determined by using gene frequencies
obtained by simple gene counting and the chi-square test
with Yates’ correction for comparing observed and expected
values. Two-locus analyses were performed for the
1510490924 SNP of ARMS2 and the rs1048661SNP of
LOXLI by comparing each genotypic combination with the
baseline of homozygosity for the common allele at both loci
using logistical regression (JMP software version 7.0.2; SAS
Institute Inc., Cary, North Carolina, USA).

RESULTS

® DISTRIBUTION OF P.ALA69SER SINGLE-NUCLEOTIDE POLY-
MORPHISM OF ARMS2 IN DRY AGE-RELATED MACULAR DE-
GENERATION, EXUDATIVE AGE-RELATED MACULAR
DEGENERATION, POLYPOIDAL CHOROIDAL VASCULOPATHY,
AND CONTROL SUBJECTS: The allelic frequencies for the
p-Ala69Ser SNP of the ARMS2 gene for dry AMD,
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TABLE 3. Allele Frequencies and Frequency of Genotypes
p.R141L of the LOXL1 Gene in Patients with Dry AMD,
Exudative AMD, PCV, Exfoliation Syndrome, and Control

Subjects
p.R141L
SNP (rs1048661 G/T) P Value?
Allele T G
Dry AMD (n = 41) 0.585 0.415 .21
Exudative AMD (n = 50) 0.620 0.380 .05
PCV (n = 60) 0.517 0.483 .86
XFSP (n = 54) 0.947 0.053 1.5 % 10712
Control (n 26 138) 0.507 0.493

AMD = age-related macular degeneration; PCV = polypoidal
choroidal vasculopathy; XFS = exfoliation syndrome.

“The significance of the association was determined by a contin-
gency table analysis using the chi-square test.

®Data reported by Fuse and associates.®!

exudative AMD, PCV, and control subjects are presented
in Table 1. For the ARMS?2 gene, the genotype frequency
of the rs10490924 or p.Ala69Ser SNPs was significantly
higher in the dry AMD and PCV groups (minor allele
frequency, T = 0.476 in dry AMD and T = 0.467 in PCV)
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TABLE 4. Frequency of Genotypes p.R141L of the LOXL1 Gene in Patients with Dry AMD, Exudative AMD, PCV, and Control

Subjects
LOXL1 p.R141L Variant Dry AMD (n = 41) Exudative AMD (n = 50) PCV (n = 60) XFS? (n = 54) Control (n = 138)
/T 16 (39.0%) 22 (44.0%) 18 (30.0%) 49 (90.7%) 30 (21.7%)
T/G 16 (39.0%) 18 (36.0%) 26 (43.3%) 4(7.4%) 80 (58.0%)
G/G 9 (22.0%) 10 (20.0%) 16 (26.7%) 1(1.9%) 28 (20.3%)
P value® 0.05 6.8 x 107° 0.16 1.5 X 1072

AMD = age-related macular degeneration; PCV = polypoidal choroidal vasculopathy; XFS = exfoliation syndrome.
Data presented are number of patients, unless otherwise indicated.

2Data reported by Fuse and associates.®’

*The significance of the association was determined by a contingency table analysis using the chi-square test.

than in the controls (T = 0.326). However, the degree of
significance was less in the dry AMD versus the control
group (P = .01) and higher in the PCV versus control
group (P = 7.7 X 1073). The T allele of the rs10490924
SNP was detected at a significantly higher frequency in
patients with exudative AMD than in control subjects
(P = 8.1 x 10719),

The genotype frequencies for the 2 ARMS2 SNPs were
compared among dry AMD, exudative AMD, PCV, and
control groups (Table 2). For the ARMS2 gene, the
genotype frequency of the p.Ala69Ser SNP was signifi-
cantly higher in the dry AMD (P = .04), the exudative
AMD (P = 3.1 x 107%), and PCV (P = 6.9 x 107°)
groups than in the control group (Table 2). The SNP
adhered to the Hardy—Weinberg expectations (P > .05).

® DISTRIBUTION OF P.ARG141LEU SINGLE-NUCLEOTIDE
POLYMORPHISM OF LOXL1 IN DRY AGE-RELATED MACULAR
DEGENERATION, EXUDATIVE AGE-RELATED MACULAR DE-
GENERATION, POLYPOIDAL CHOROIDAL VASCULOPATHY,
AND CONTROL SUBJECTS: The allelic frequencies of the
LOXL1 SNP were compared among the dry AMD,
exudative AMD, PCV, and control subjects (Table 3).
The T allele of rs1048661 and Argl4lleu was not
detected at a statistically higher frequency in patients with
dry AMD (P = .21) and PCV (P = .86) than in control
subjects. In exudative AMD, the frequency of the T
variant was higher than that of controls, but the frequency
was statistically marginal (major allele frequency T =
0.620 in exudative AMD and T = 0.507 in controls).

The genotype frequencies for the 2 LOXL1 SNPs were
compared among dry AMD, exudative AMD, PCV, and
control subjects (Table 4). For the LOXLI gene, the
genotype frequency of the p.Argl41Leu SNP was not
statistically higher in the dry AMD (P = .05) and PCV
(P = .16) groups than in the control group. However,
genotype frequency of this SNP was statistically higher in
the exudative AMD group than in the control group (P =
6.8 X 1072). The SNP adhered to the Hardy—Weinberg
expectations (P > .05).
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TABLE 5. Two-Locus Odds Ratios for ARMS2 p.A69S and
LOXL1 p.R141L in Exudative AMD Cases

LOXL1 p.R141L Variant (rs1048661)

ARMS2 p.A69S G/G + T/G T/T
variant G/G 1 217
(rs10490924) T/G 2.82 6.11

T 135 294

AMD = age-related macular degeneration.

Interaction between ARMS2 and LOXL1 single-nucleotide
polymorphisms is significant by multivariate logistic regression
analysis (P < .0001).

® TWO LOCUS ANALYSES: Two locus analyses were per-
formed for the rs10490924 SNP of ARMS2 and for the
151048661 SNP of LOXLI by comparing each genotypic
combination with the baseline of homozygosity or
heterozygosity for the common allele at both loci using
logistical regression (JMP software version 7.0.2). Possible
interactions between rs10490924 and 1rs1048661 for a
susceptibility of dry AMD, exudative AMD, and PCV were
evaluated. Multivariate logistic regression analyses showed
a significant interaction between the SNPs of ARMS?2 and
LOXLI SNPs in the rs10490924 SNP of ARMS2 plus the
rs1048661 SNP of LOXLI T/T homozygote (P < .0001) in
the exudative AMD group. The odds ratio of the combined
genotypes, ARMS2 1510490924 and LOXLI rs1048661,
was 29.4 (Table 5). In other cases, there was no significant
relationship between ARMS2 and LOXLI polymorphisms.

DISCUSSION

® GENETIC HETEROGENEITY AND OTHER AGE-RE-
LATED MACULAR DEGENERATION LOCI: The 2 major
genetic variants, CFH °~'! and ARMS2/HTRA1,'*™" are
independently associated with the progression of AMD. This
is important because the progression leads to visual impair-
ment and blindness. Their presence does not necessarily lead
to the development of AMD, because some individuals with
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AMD who progress have the nonrisk genotype and others
without AMD progression carry the risk genotype. Thus,
phenotypic and genetic heterogeneities complicate the cause
of AMD, and other modifier loci could exist.

¢ DISTRIBUTION OF ARMS2 SINGLE NUCLEOTIDE POLY-
MORPHISMS IN AGE-RELATED MACULAR DEGENERA-
TION SUBJECTS: Several studies have used refined
linkage disequilibrium mapping and case-control asso-
ciation studies to probe the most susceptible alleles,
1510490924 of ARMS2 and rs11200638 of HTRAI, in
AMD patients."*"'*?® It has been shown that the
HTRAI variant confers similar risks to dry AMD and
exudative AMD. The rs11200638 SNP is located in the
promoter of HTRAI and has been shown to be strongly
associated not only with exudative AMD,"*!? but also
with dry AMD in white persons and Chinese persons.’’
Our findings are in agreement with these findings. One
thing that we need to consider is that the mean age of
the control group was 68.6 + 7.4 years, which is younger
than the ages of the dry AMD, exudative AMD, and
PCV groups. In addition, there is a possibility that in
these control subjects, AMD or PCV would develop as
they age.

The differentiation of PCV from exudative AMD is
very important because of differences not only in the
prognosis of the disease, but also in the response to
treatments, including photodynamic therapy.”® It is
interesting that PCV exists more frequently in Asians,
Hispanics, and African Americans. This suggests that
some genetic factors are involved in PCV.? It has been
reported that a polymorphism of the elastin gene is
associated with PCV and that different pathogenic
processes are involved in the development of exudative

AMD than in PCV.?

® DISTRIBUTION OF LOXL1 SINGLE NUCLEOTIDE POLY-
MORPHISMS IN AGE-RELATED MACULAR DEGENERA-
TION SUBJECTS: XFS is a generalized disorder of the
extracellular matrix and is characterized by the patho-
logic accumulation of abnormal fibrillar material in the
anterior segment of the eye.!”™'” This then predisposes
the eye to glaucomatous optic neuropathy. The preva-
lence of XFS increases with age and is highest in those
70 and 80 years of age.’® Thus, XFS and AMD both are
age-associated diseases. In an earlier study, we confirmed
that 2 coding SNPs in the LOXLI gene were strongly
associated with XFS.’! The T allele of rs1048661 of
the LOXL1 SNP was highly associated with XFS in the
Japanese population. However, the distribution of the
rs1048661 allele was quite different in XFS and AMD in
Japanese subjects. In subjects with exudative AMD, the
T allele of the rs1048661 SNP of LOXLI was slightly
higher than in control subjects, but the increase was not
significant (Table 3). However, the genotype frequency
of the rs1048661 SNP of LOXLI was significantly higher
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in the exudative AMD group than in the controls (P =
6.8 X 1073; Table 4). In the exudative AMD subjects,
only 1 subject had XFS, for a frequency of 2% (1/50). It
is reported that the prevalence of XFS, including glau-
coma resulting from XFS in Japan, is 1.0%.%* Thus, this
difference does not seem to be significant. However,
whether the individuals with exudative AMD have a
higher incidence of XFS needs to be investigated in
more detail.

® BOTH MODIFYING GENES AND ENVIRONMENTAL FAC-
TORS COULD INFLUENCE AGE-RELATED MACULAR DE-
GENERATION: Both modifying genes and environ-
mental factors could influence the pathways that lead to
either dry AMD or exudative AMD. The 2 major
genetic variants CFH’™'! and HTRAI'*!? are indepen-
dently associated with progression to the advanced stage
of AMD. They are not necessary for the development of
the disease, because some individuals with AMD who
progress have the nonrisk genotype and some people
without AMD progression carry the risk genotype.
Nevertheless, we should remember that both genetic
and environmental factors and their associations con-
tribute to the progression of AMD,>® which should
help us to understand these mechanisms.

A systemic defect in elastic fiber deposition affects the
integrity of the Bruch membrane and leads to more
aggressive CNV growth. This may be mediated partially
by abnormal signaling because of the accumulation of
soluble elastin peptides. The elastic lamina of the Bruch
membrane in the LOXLI-deficient mice was reported to
be fragmented and led to more aggressive CNV growth
after laser photocoagulation.?? Thus, elastogenesis in
the Bruch membrane should be related with CNV
growth in eyes with AMD.

XFG is a relatively rare age-related disease characterized
by a generalized fibrillar degeneration of elastin-containing
tissues. So, we chose the LOXLI as a candidate for an
AMD modifier gene. The genotype frequency of the SNPs
of LOXLI was statistically higher in the exudative AMD
group than in the normal people of older age (P = 6.8 X
1073; Table 4). But, the polymorphisms in the LOXLI
gene did not predispose the eye to dry AMD and PCV in
Japanese patients.

Two-locus analyses were performed for the
rs10490924 SNP of ARMS2 and the rs1048661 SNP of
LOXLI. Multivariate logistic regression analyses showed
a significant interaction between the ARMS2 and
LOXLI SNPs in the case exudative AMD with T/T
homozygote (Table 5).

The primary clinical sign of exudative AMD is new
blood vessel formation and breaks beneath the retina to
make the CNV. The LOXLI gene catalyzes oxidative
deamination of lysine residues of tropoelastin and plays
an important role in the elastogenesis of the elastic
lamina in the Bruch membrane. This indicates the
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existence of a synergic and permissive effect of the
ARMS?2 and LOXLI polymorphisms on the growth of
CNV and exudative AMD susceptibility.

In conclusion, the p.Ala69Ser polymorphism of the
ARMS?2 gene is a common variant in Japanese popula-
tions and is strongly associated not only with exudative
AMD, but also with PCV. The polymorphisms in the

LOXLI gene did not predispose the subject to dry AMD
or PCV in Japanese patients, but there is a possibility
that there is a significant association between the
prevalence of exudative AMD and the ARMS2 and
LOXLI genes. The ARMSZ and LOXLI genes seem to
be involved in a statistically significant fraction of
exudative AMD cases in the Japanese population.
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