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Abstract
Purpose: To investigate the effects of polymorphisms of the
age-related maculopathy susceptibility 2 (ARMS2) gene on
the central visual field defects in retinitis pigmentosa (RP).
Subjects and Methods: The visual field was evaluated using
the 10-2 Swedish Interactive Threshold Algorithm Fast Pro-
gram and mean deviation (MD) slope, and regression coef-
ficients of average sensitivity of the central 4 points (Cent4)
were compared between each genetic subgroup. Results:
The MD slope (right/left) was as follows: GG, -1.37 + 2.18/
-0.89 + 1.15; GT, -0.56 + 1.40/-0.77 + 1.04; TT, —-0.75 £ 0.64/
-0.38 £ 0.92 dB/year. The Cent4 was as follows: GG, -1.34
+2.37/-1.60 = 3.21; GT, -1.15 £ 2.08/1.07 + 1.80; TT, -1.20
+ 0.91/-0.65 + 1.37 dB/year. No significant differences in
the degree of progression were observed when comparing
groups. Conclusions: These data suggest that polymor-
phisms of the ARMS2 do not modify the progression of the
central field of vision in RP patients.

© 2013 S. Karger AG, Basel

Introduction

Retinitis pigmentosa (RP) is an inherited and progres-
sive retinal disease that initially begins with night blind-
ness and causes visual field constriction, eventually re-
sulting in blindness. In typical cases, mottled retinal ap-
pearance associated with bone spicule-like pigmentary
deposits, attenuation of retinal arterioles and pallor of the
optic disk are observed in the ocular fundus.

Recent advances in molecular genetics have revealed
the causal genes for RP. A point mutation in the rhodop-
sin (RHO) gene was first identified as a gene responsible
for one form of autosomal dominant RP in 1990 [1], and
since that time, more than 70 causal genes have been im-
plicated for all inherent types of RP, including syndromic
RP (RetNet: Cloned and/or mapped genes causing retinal
diseases,  http://www.sph.uth.tmc.edu/retnet/disease.
htm).

Analysis of the relationship between genetic abnor-
malities in RP and their clinical manifestations is also
progressing. Previously, it was suggested that the assorted
clinical presentations of RP were due to diversity in the
aforementioned genes. However, detailed observations of
clinical features of the patient’s genealogy indicate that
individual variation is exhibited in disease progression
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caspases

and severity even among patients in the same families
that presumably carry the same mutations in the same
causal genes. Therefore, to explain this diversity in clini-
cal features or genetic heterogeneity, investigators have
hypothesized that there are other putative modifying
factors that promote photoreceptor cell degeneration as-
sociated with the primary causal gene mutation. If this
modifying factor could be identified, it might facilitate
determination of prognosis at a relatively early stage of
the disease, and treatment could potentially be promptly
administered to prevent any increase in disease severity.
Recently, Venturini et al. [2] reported that the CNOT3
gene is a modifier gene for phenotypic variability in RP
associated with a mutation in the PRPF31 gene, and their
findings may facilitate identification of other modifier
factors.

Genome-wide association studies for multifactorial
diseases conducted in recent years have gradually identi-
fied susceptibility genes for eye diseases, such as age-re-
lated macular degeneration (AMD) and glaucoma. For
example, AMD strongly correlates with the complement
factor H (CFH) [3] and age-related maculopathy suscep-
tibility 2 (ARMS2) [4-8] genes. Recently, CFH polymor-
phisms have been known to be associated with glomeru-
lonephritis [9], atypical hemolytic uremic syndrome [10],
Alzheimer disease [11], atherosclerosis [12], systemic lu-
pus erythematosus [13], multifocal choroiditis [14] and
posterior involvement of sarcoidosis [15] as well as AMD.
These reports indicate that the CFH polymorphisms may
also act as a disease-modifying factor. Although the pre-
cise localization of the protein product of the ARMS2
gene is still controversial, one possibility is that the
ARMS?2 protein may be present in the mitochondria of
the inner segment of the photoreceptor [16]. Reports
have previously implicated pathological changes in reti-
nal pigment epithelium (RPE) and lamina choroidocapil-
laris as the cause of AMD; however, this finding indicated
that the influence of photoreceptor mitochondria should
also be considered for AMD. This is because mitochon-
dria, in addition to producing glutathione and nicotin-
amide adenine dinucleotide phosphate that deoxidize
free radicals generated by exposure to light, are organ-
elles containing proapoptotic molecules such as caspases
calpains, calcium ions, and apoptosis-inducing factor.
Therefore, the putative vulnerability of mitochondria
produced by the ARMS2 polymorphisms may directly or
indirectly affect the survival of surrounding cells and tis-
sues [17]. Fritsche et al. [16] reported that the AMD odds
ratio for the ARMS2 A69S single-nucleotide polymor-
phism (SNP; rs10490924) was 2.9 in heterozygotes and
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8.1in homozygotes, with minor allele frequency observed
in 19.3% of healthy volunteers. A report examining Japa-
nese subjects [18] found that the AMD odds ratio for the
A69S was 1.54 in heterozygotes and 5.16 in homozygotes,
with minor allele frequency observed in 38.5% of healthy
volunteers. Another report [19] found that the minor al-
lele frequency in the general Japanese population was
32.6%. This suggests that approximately 35% of the gen-
eral Japanese population has latent vulnerability in the
structure and/or function of photoreceptor mitochondria.
Based on the hypothesis that the ARMS2 protein is lo-
calized in the photoreceptor mitochondria, the ARMS2
A69S variant, which may be present in 35% of RP pa-
tients, is also a candidate for a modifying factor that pro-
motes photoreceptor degeneration in RP. It is clinically
and genetically important to identify disease modifier
factors as well as disease-causing genes. Therefore, this
study investigated whether polymorphisms of ARMS2, a
susceptibility gene for AMD, are indeed responsible for
the diverse clinical features of RP, such as variations in the
progression of the central visual field defects.

Subjects and Methods

Research Design

This study was carried out in the Department of Ophthalmol-
ogy, Hirosaki University Hospital and Hirosaki University Gradu-
ate School of Medicine. A total of 86 RP patients with a follow-up
time of more than 12 months in the Retina Clinic of the Depart-
ment of Ophthalmology at the Hirosaki University Hospital were
invited to undergo genotyping of ARMS2 A69S variants.

A clinical diagnosis of RP was determined based on the follow-
ing criteria: (1) fundus examination showing typical arteriolar at-
tenuation and bilateral mottled appearance of fundus color in at
least midperipheral areas; (2) rod-predominant degeneration
shown on electroretinography (ERG) and/or initial symptoms
with disturbance of dark adaptation, and (3) constriction of visual
field defects evaluated by either a Goldmann perimeter or Hum-
phrey visual field analyzer (HVFA, Humphrey Instruments, San
Leandro, Calif., USA).

Inclusion criteria were: residual central visual field better than
-35.0 dB as evaluated by the 10-2 program of the Swedish Interac-
tive Threshold Algorithm (SITA) Fast Program for the HVFA; the
visual field was periodically examined by the 10-2 SITA Fast Pro-
gram for the HVFA every 6 months for at least 1 year; reliable re-
sults of the visual field examination, i.e. visual field data with fixa-
tion loss scores of <20% and false-negative error <33%. Exclusion
criteria were: intraocular surgery during the observation period of
each patient; presence of cataracts or other media opacities that
would disturb visual field examination; retinal degenerations sec-
ondary to inflammation, or the presence of ocular diseases other
than RP.

The study protocol was approved by the Committee on Ethics
of the Hirosaki University Graduate School of Medicine and was
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performed according to the Declaration of Helsinki. Written in-
formed consent was obtained from all subjects before participation
in the study.

Genomic DNA Genotyping

For the molecular genetic study, genomic DNA was extracted
from peripheral blood leukocytes and purified with the QIAamp®
DNA Mini kit (QIAGEN Sciences, Germantown, Md., USA), and
the SNP rs10490924 or p.Ala69Ser of the ARMS2 gene was ampli-
fied by polymerase chain reaction (PCR), directly sequenced and
genotyped. The two primer sets for rs10490924 of ARMS2 were
5"-TAC CAG GAC GAT GGT AAC-3" and 5"-GAG GAA GGC
TGA ATT GCC TA-3", and the sequencing primer was 5"'-TAC
CAG GAC GAT GGT AAC-3".The amplifications of the SNPs
were performed at 60°C annealing temperature for 40 cycles. The
PCR fragments were purified by a QIAquick® PCR Purification kit
(QIAGEN Sciences) and were sequenced with the Big Dye® Ter-
minator v1.1 Cycle Sequencing kit on an automated DNA se-
quencer (ABI PRISM™ 310, Applied Biosystems, Santa Clara, Ca-
lif., USA).

Relationship between Genotype and Phenotype

Subjects were divided into 3 groups on the basis of the ARMS2
genotype (GG, GT and TT); we initially examined whether there
was any difference between genotype frequency in patients in this
study and the Japanese patients in previous reports [18, 19] (anal-
ysis 1). Then, the basic clinical background of the participants in-
cluding patient ages at the enrollment and initial symptoms or di-
agnosis, mean total observation periods, mean deviation (MD) val-
ues, and the visual sensitivity of the 4 central test points (Cent4) in
both eyes at the time of enrollment were compared between the
groups (analysis 2). Next, two different methods were used to ana-
lyze the influences of the ARMS2 genotypes on the progression of
the central visual field defect in RP. First, regression coefficient
distributions were retrospectively calculated from time courses of
the MD values of the 10-2 program (decibels per year, MD slope)
during the total observation period for each group, with the groups
then compared (analysis 3). Second, regression coefficient distri-
butions were retrospectively calculated from the time courses of
the average sensitivity of the central 2° of the visual field that were
determined by the (Cent4) of the 10-2 program (decibels per year,
ACent4), with the values then compared between the groups (anal-
ysis 4).

Statistical Analysis

The x* test was used to determine whether there was any differ-
ence between the ARMS2 genotype frequency in our study and
previous reports (analysis 1). The Kruskal-Wallis test was used to
investigate the degree of progression of visual field impairment
because the data for the patients’ background data, the MD slope
and the ACent4 did not show normality in distribution throughout
the three GG, GT and TT groups (3-group analysis, analyses 2, 3
and 4). Similarly, we specifically compared the data obtained from
GG and TT groups by the Mann-Whitney U test (2-group analysis,
analyses 2, 3 and 4). Because GG is a nonrisk homozygote whereas
TT is a risk homozygote for AMD, we speculated that a compari-
son between these two wings could provide a difference more eas-
ily than the 3-group analysis. All statistical analyses were conduct-
ed using Statcel 2 (OMS, Saitama, Japan). p < 0.05 was considered
statistically significant.
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Visual Field of Retinitis Pigmentosa

OPH355093.indd 3

Table 1. Frequency of genotypes of the ARMS2 A69S variant (anal-
ysis 1)

Study Genotypes of the ARMS2 A69S variant
GG GT TT

Present study (n = 60) 20(33.3) 35(58.3) 5(8.3)

Fuse et al. [18] (n = 138) 64 (46.4) 58(42.0) 16(11.6)

Hayashi et al. [19] (n = 1,336) 502 (37.6) 638 (47.8) 196 (14.6)

Numbers of subjects are shown, with frequency percentages in
parentheses.

Results

Genotype Frequency (Analysis 1)

A total of 60 unrelated patients with RP were enrolled
in this study, and genotypes in the ARMS2 variants were
obtained from blood specimens. The ARMS2 genotype
frequency in the subjects in the present study was as fol-
lows: GG, 20 cases (33.3%); GT, 35 cases (58.3%), and T'T,
5 cases (8.3%). The allele frequency of the minor allele (T)
was 37.5% in the present study group. No significant dif-
ference (p = 0.10) was observed between the genotype
frequency in our study and those reported in previous
studies involving healthy Japanese subjects, as summa-
rized in table 1.

Patient Background (Analysis 2)

Of the 86 RP patients recruited, 60 (34 males and 26
females) were eligible and completed a sufficient follow-
up and examinations for the study. Patient background
information regarding phenotypes in terms of ages, ob-
servation periods, gender and the progression of visual
field defects in the central 10° and 2° of the visual fields
was obtained from medical records. Patient background
characteristics and clinical courses are summarized in ta-
ble 2. No significant differences in ages at enrollment,
ages at initial symptoms or diagnosis, observation peri-
ods, initial MD values and initial Cent4 values were ob-
served comparing the groups (table 2). Patient family his-
tories revealed that 10 cases were autosomal dominant, 4
were autosomal recessive, 1 was X-linked recessive, and
45 were simplex cases.

Calculation of Degree of Progression of Visual Field

Constriction Using MD Slope (Analysis 3)

As shown in table 3, the MD slope (mean + standard
deviation, median value, right eye/left eye) calculated with
the HVFA SITA Fast 10-2 Program was as follows: GG,
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Table 2. Patient data (analysis 2)

Genotypes of the ARMS2 A69S variant p value

GG (n =20) GT (n =35) TT (n=5) GG:GT:TT GGTT
Age 1, years 55.35+13.22 (52) 52.06+13.91 (50) 46.29+15.18 (43) 0.350 0.174
Age 2, years 33.75+19.19 (38) 36.69+18.24 (36) 31.43+16.60 (38) 0.753 0.825
Observation, months 58.59+30.63 (60) 55.82+30.13 (48) 39.60+30.77 (18) 0.578 0.306
Gender (M:F) 11:9 20:15 3:2
Initial MD R, dB —-17.15+7.49 (-17.76) -17.69+9.39 (-17.29)  —20.68+8.90 (—16.81) 0.912 0.761
Initial MD L, dB -17.52+7.50 (—16.80) -17.62£9.94 (-15.90) —-14.41+17.22 (-14.18) 0.796 0.561
Initial Cent4 R, dB 25.53+6.24 (24.25) 24.58+8.01 (26.50) 22.80+12.45 (28.25) 0.902 0.729
Initial Cent4 L, dB 24.07+6.86 (25.00) 23.72+8.53 (25.25) 23.00+10.66 (25.75) 0.963 0.862

Results are means + standard deviation, with median values in parentheses. Age 1 = Age at enrollment; age 2 = age at initial symptom
or diagnosis; R = right eye; L = left eye; GG:GT:TT = 3-group comparison by Kruskal-Wallis test; GG:TT = 2-group comparison (GG

and TT) by Mann-Whitney test.

Table 3. Degree of progression of visual field using MD slope (analysis 3)

Genotypes of the ARMS2 A69S variant

GG (n =20) GT (n = 35)

Right eye, dB/year
Left eye, dB/year

~1.37+2.18 (~0.80)
~0.89+1.15 (-0.51)

~0.56+1.40 (~0.42)
—0.77+1.04 (-0.49)

p value
TT (n=5) GG:GT:TT GGIT
—0.75+0.64 (-0.75) 0.22 0.63
-0.38+0.92 (-0.02) 0.69 0.34

Results are means + standard deviation, with median values in parentheses. GG:GT:TT = 3-group comparison by Kruskal-Wallis
test; GG:TT = 2-group comparison (GG and TT) by Mann-Whitney test.

~1.37 +2.18 (median -0.80)/-0.89 + 1.15 (-0.51) dB/year;
GT,-0.56 + 1.40 (-0.42)/-0.77 + 1.04 (-0.49) dB/year, and
TT, -0.75 + 0.64 (-0.75)/-0.38 £ 0.92 (-0.02) dB/year. No
significant differences in degree of progression were ob-
served when comparing the groups (3-group comparisons
by Kruskal-Wallis test: right eye, p = 0.22, and left eye,
p = 0.69; 2-group comparisons by Mann-Whitney U test:
right eye, p = 0.63, and left eye, p = 0.34, respectively).

Calculation of Degree of Progression of the Mean

Threshold Decrease in the Cent4 (Analysis 4)

As shown in table 4, the degree of progression of the
mean threshold decrease in the Cent4 (ACent4, mean +
standard deviation, right eye/left eye) with HVFA 10-2
was as follows: GG, -1.34 + 2.37 (median -1.11)/-1.60 *
3.21 (-1.00) dB/year; GT, -1.15 + 2.08 (-0.79)/-1.07 +
1.80 (-0.50) dB/year, and TT, -1.20 % 0.91 (~1.20)/-0.65
+ 1.37 (-0.95) dB/year. No significant differences in de-
gree of progression were observed when comparing the
groups (3-group comparisons by Kruskal-Wallis test:
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right eye, p = 0.89, and left eye, p = 0.53; 2-group com-
parisons by Mann-Whitney U test: right eye, p = 0.68, and
left eye, p = 1.00, respectively).

Discussion

This is the first study to investigate the influences of the
ARMS2 polymorphisms on the visual function in RP. Pa-
tients were classified into one of three genotypes (GG, GT
and TT) for the ARMS2 gene; this study showed that the
ARMS?2 polymorphisms did not correlate with the pro-
gression of the central visual field defect in RP. Although
the distribution of the genetic background of the patients
in each group was also largely heterogeneous, we thought
that it was presumably evenly randomized by the ARMS2
polymorphisms, because the ARMS2 gene has not been
known to be genetically and directly related to RP.

RP causes a progressive decrease in visual function,
usually evaluated by visual acuity tests, ERG, or static and
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Table 4. Degree of progression of the mean threshold decrease in the Cent4 (ACent4)

Genotypes of the ARMS2 A69S variant

GG (n=20) GT (n =35)

~1.34+2.37 (-1.11)
~1.60+3.21 (~1.00)

Right eye, dB/year
Left eye, dB/year

~1.15+2.08 (-0.79)
~1.07+1.80 (~0.50)

p value
TT (n=5) GG:GTITT GGTIT
-1.20£0.91 (-1.20) 0.89 0.68
—-0.65+1.37 (-0.95) 0.53 1.00

Results are means * standard deviation, with median values in parentheses. GG:GT:TT = 3-group comparison by Kruskal-Wallis test;

GG:TT = 2-group comparison (GG and TT) by Mann-Whitney test.

kinetic visual field testing. ERG, which can detect a de-
crease or loss in signal amplitude in the early disease stag-
es, is useful for diagnosis but is not suitable for follow-up
observations, because most patients with RP demonstrate
extinguished amplitudes with clinically available equip-
ment. Although many researchers have used isopters in
kinetic perimetry to monitor the progression of RP [20],
the results are not quantitative. There are other useful
techniques for monitoring phenotypic features of RP,
such as macular focal ERG [21], microperimetry [22] and
optical coherent tomography [23]; however, automated
perimetry using an HVFA is the simplest and least inva-
sive technique. Because the vision of many RP patients is
restricted to within 10° by the time they present to an
ophthalmologist, the HVFA 10-2 is better than the HVFA
30-2 for monitoring visual function [24]. Hirakawa et al.
[25] conducted perimetry for more than 5 years using an
HVFA 10-2 in patients with RP who had shown progres-
sion for 3.5 years or longer. They found that for approx-
imately 50% of patients, MD values can undergo linear
regression and can be used to measure the rate of visual
progression [25]. In addition, Iijima [24] found that be-
cause the surrounding visual field sensitivity was approx-
imately 0 dB in RP progression, the mean sensitivity of
the Cent4 was a more suitable measure than MD values
for observing disease progression. Thus, the present study
adopted MD slopes according to perimetry (measured
using the HVFA 10-2 SITA Fast Program), and degree of
progression of the Cent4 (measured using HVFA 10-2
SITA), for monitoring progression in the visual function
of patients with RP. Because the Cent4 reflects the visual
sensitivity in the central 2° of the visual field that consists
of only cone photoreceptors, the Cent4 can be considered
as isolated cone function.

The genetic background for RP is largely heteroge-
neous. Genes involved in RP can be broadly classified into
two types: (1) genes expressed specifically in photorecep-
tor cells or RPE, which when mutated primarily lead to
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cell death in the photoreceptor cells and/or RPE, and (2)
ubiquitously expressed genes, which when mutated cause
degeneration specifically in photoreceptor cells due to
lack of the protein. The former type includes the RHO [1],
peripherin/RDS (PRPH2) [26, 27] genes and the genes
encoding a- and B-subunits of cGMP-phosphodiesterase
(PDE6A, PDE6B) [28, 29], whereas the latter includes the
RPGR [30], PRPF31 [31], PRPF3 [32], PRPF8 [33],
IMPDH]1 [34] and Mertk [35, 36] genes. These findings
indicate that photoreceptors and RPE are much more ac-
tive in protein synthesis than other tissues and that pho-
toreceptors and RPE show high levels of gene expression
and protein metabolism. Because mitochondria play a
key role in protein synthesis by virtue of their role in en-
ergy production, mitochondrial dysfunction may influ-
ence photoreceptor survival and modify disease severity.

In recent years, genome-wide association studies for
multifactorial diseases have been conducted and have
identified susceptibility genes for AMD. For example, the
CFH gene [3] in 2005 and, later, the ARMS2 gene were
indicated as being involved in AMD onset [7]. Subse-
quently, several other reports [4, 5, 8, 16] have supported
these results, and the ARMS2 is now widely recognized as
another AMD susceptibility gene. The high-temperature
requirement factor A1 (HTRA1) gene exists downstream
of the ARMS2, and an SNP is present in the promoter re-
gion of the HTRA1, rs11200638 (G625A), known to cor-
relate with AMD onset [37, 38]. However, because this
polymorphism and the A69S polymorphism in the
ARMS?2 often exist simultaneously, there is debate as to
whether the ARMS2 gene or the HTRAI gene is signifi-
cantly related to AMD onset. It has also been reported
that decreased ARMS2 protein expression is involved in
AMD onset [16]. This decreased protein expression is
considered to be due to unstable mRNA caused by a de-
letion-insertion polymorphism in the 3'-untranslated re-
gion between the stop codon that exists simultaneously
with the A69S polymorphism and polyadenylic acid [16].
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Meanwhile, the localization and actions of the ARMS2
gene product remain unclear. Kanda et al. [8] reported
that the ARMS2 mRNA was detected in the human retina
and various cell lines. These transcripts encode a 12-kDa
protein that localizes to the mitochondrial outer mem-
brane when expressed in mammalian cells [8]. Fritsche et
al. [16] showed that the ARMS2 protein in the human
retina localized to the photoreceptor layer and that it
demonstrates a minor dot-like staining in the ellipsoid
region of the rod and cone inner segments, which colocal-
izes with a mitochondrial marker.

The minor allele frequency of the ARMS2 polymor-
phisms has been reported to be 35% in the Japanese pop-
ulation [18, 19], and the present study indicated a similar
minor allele frequency in patients with RP. This signifies
that a certain type of vulnerability exists in the mitochon-
dria of approximately 35% of Japanese patients with RP.
RP is a disease characterized by structural or functional
stress in the photoreceptor cells due to specifically ex-
pressed genetic abnormalities occurring in photoreceptor
cells or RPE cells. Apoptosis, the process of programmed
cell death, occurs when this stress exceeds a certain
threshold [39]. In RP, irrespective of the causal gene, it
appears that degeneration is eventually caused by apo-
ptosis [40]. Mitochondria play a key part in the regula-
tion of apoptosis [40]. In general, when the process of
apoptosis begins, mitochondria cease energy production
and begin to release cytochrome c. This activates caspas-
es through apoptotic protease-activating factor 1, ulti-
mately leading to cell death. Apoptosis-inducing factor,
also present in mitochondria, is involved in apoptosis sig-
naling through its release into the cytoplasm, where it is
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transported into the nucleus, causing DNA fragmenta-
tion [40]. Thus, mitochondria appear to be directly or in-
directly involved in RP pathology, and the ARMS2 poly-
morphisms may act as a modifying factor of RP severity.
However, many questions regarding the localization and
functions of the ARMS2 protein remain unanswered.
Wang et al. [41] indicated that the ARMS2 protein was
mainly distributed in the cytosol, rather than in the mito-
chondrial outer membrane, and that ARMS2 may not
confer risk to onset of AMD through the mitochondrial
pathway. Further, Xu et al. [42] reported that there was
endogenous expression of the ARMS2 in a human RPE
cell line and that the ARMS?2 played a role in the phago-
cytic function of RPE cells. Further research is necessary
to reconcile these discrepancies.

In conclusion, this was the first study to investigate the
influences of the ARMS2 polymorphisms on visual func-
tion in RP. Because we did not perform mutation screen-
ing for our RP patients, we cannot discuss the relationship
between causative genes for RP and the ARMS2 gene.
Al-though it appears that polymorphisms of the ARMS2=
(an AMD risk factor) do not impair the central field of
vision in RP patients, further study with RP patients
associated with the same causative gene mutation is
necessary to minimize the confounding factor of
genetic diversity.
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