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salted prior to the IEF separation by Ready Prep 2D
cleanup kit using TCA (trichloroacetic acid) acetone pre-
cipitation which resulted in successful separations. To
obtain a further separation, the pH range of the 2D gel
electrophoresis was narrowed to three ranges; 47, 5-8,
and 7-10 (Fig. 1B-D). Among gel images for both the
macula and peripheral retina, fluorescence from spots of
abundant proteins were saturated and showed indistinct
spot boundaries. Excess proteins contained in the samples
were not concentrated at one spot by 2D gel electropho-
resis and showed streaking and outliers. To exclude these
proteins which were identified from seemingly macular
specific spots, abundant proteins were identified. To
clarify the outline of saturated spots, gels of peripheral
retina were stained with Bio-safe Coomassie. Forty-nine
proteins were identified from forty-six spots in the Coo-
massie stained gel image of the pH 3-10 range (Fig. 1A,
Peripheral Coomassie). The proteins are listed in Table
1. Forty-eight known proteins from earlier proteomic
studies of the retina were identified [1, 5, 15, 49, 50].
The neurofilament triplet L protein identified in our study
has not been previously identified by the proteomic ap-
proach but it has been reported in a SAGE analysis [35].
The 49 proteins were expressed in both the macula and
peripheral retina, while 26 proteins were identified from
40 spots in macula gel images (Table 2). Twenty-three
of these were also reported in previous proteomic studies
of the retina [1, 5, 10, 15,22, 50]. The other three proteins
are known to be ubiquitously expressed in cells [8, 11].
"Therefore, these proteins were not macula specific but
widely expressed in the retina.

Validation of macula enriched proteins

To obtain the relative expression levels of the identi-
fied proteins, western blot analysis was performed on
the following five proteins identified by mass spectrom-
etry: tropomyosin 1 a chain (Fig. 2A and 2E), y-synu-
clein (Fig. 2B), E-FABP (Fig. 2C), arrestin-C (Fig. 2D),
and hnRNPs A2/B1 (Fig. 2F). Arrestin-C has been iden-
tified as a cone photoreceptor-specific protein [33], and
thus served as a positive control for this study. y-Synu-
clein is a protein known to be up-regulated in cancer
cells [20]. hnRNPs A2/B1 is also known to be up-reg-
ulated in carcinoma cells [42]. E-FABP is a reactive
lipid scavenger [2]. Four proteins, including arrestin-C,

were confirmed to have higher expression in the macula
by western blotting. Tropomyosin 1 o chain has been
reported to have many isoforms by alternative splicing
[34]. MS/MS data from spot M2 (Fig.1A, Macula SY-
PRO Ruby) identified the peptide sequence CAEL-
EEELK, which corresponded to isoform 1 (skeletal
muscle type) or isoform 5 (brain type, TMBr-3) of tro-
pomyosin 1 o chain in the UniProtKB/Swiss-Prot data-
base. Based on these data, western blotting was per-
formed using two antibodies for tropomyosin 1 o chain.
The anti-tropomyosin antibody TM311 detects 19 amino
acids in exon 1a of the tropomyosin gene family in mam-
malian tissues, viz., alpha-, beta-, gamma-, delta- tropo-
myosin, including the skeletal muscle type but it does
not detect the brain type (TMB1-3), because TMBr-3
doesn’t contain exon la in transcription sequence. The
other antibodies used were specific to the brain isoforms
TMBr-1 and TMBr-3 [34]. Signals of TMBr-1 were not
detected in samples from the two retinal regions by west-
ern blotting (data not shown). The signals of TMBr-3
were not significantly different, and the signals to TM311
were found to be different between the two regions.

Tissue localization of macula enriched proteins

To determine the location of the 5 proteins in the
macula, immunohistochemistry was performed using
antibodies against each protein (Fig. 3). Arrestin-C was
detected in photoreceptor outer segments and the outer
plexiform layer (Fig. 3B) as previously reported [33].
y-Synuclein was detected in RGCs in the nerve fiber
layer (Fig. 3D), which confirms the result of a previous
study [43]. E-FABP was predominantly detected in the
outer plexiform layer and external limiting membrane,
which exists between the outer nuclear layer and the
photoreceptor layer (Fig. 3G). Our observation is con-
sistent with that of an earlier study by Kingma et al. re-
porting the localization of E-FABP to Miiller cells [21],
which are dense in the parafovea [7]. hnRNPs A2/B1
was located in the nucleus of cells in the retinal ganglion
cell layer, the inner nuclear layer, the outer nuclear layer,
and the RPE with different intensities (Fig. 3E). TM311
was detected in the choroidal layer (Fig. 3F), while tro-
pomyosin Br-3 was located in photoreceptor inner seg-
ments and the outer plexiform layer (Fig. 3C). To deter-
mine the localization of tropomyosin detected by TM311



PROTEOMIC ANALYSES OF MACULA AND PERIPHERAL RETINA 177
Table 1. Proteins identified in 46 spots of Coomassie-stained gel
‘Database Sequence
Spot accession MW coverage No.
No.® Protein name No.» (kDa)” pl? (%) of peptide

1 Heat shock protein HSP 90-alpha P07900 845 494 10.53 7

1 Heat shock protein HSP 90-beta P08238 83.1 497 6.09 4

2 Heat shock cognate 71 kDa protein Pli142 709 5.37 2941 17

2 Vacuolar ATP synthase catalytic subunit A, ubiquitous isoform P38606 68.3 5.35 20.75 10

2 Lamin B2 Q03252 67.7 5.29 - 17.67 9

2 Heat shock 70 kDa protein | P08107 70.1 548 16.54 9

2 Stress-70 protein, mitochondrial P38646 737 5.87 957 5

3 Stress-70 protein, mitochondrial P38646 737 5.87 825 4

3 Serum albumin P0O2768 69.4 592 69 4

4 Serum albumin PO2768 694 592 69 3

5  Serum albumin P02768 694 592 739 4

6  Serum albumin P02768 69.4 592 394 2

7  Serotransferrin P02787 71.1 6.81 372 2

8  Neurofilament triplet L protein PQ7196 614 4.64 2399 13

9  Calreticulin pP27797 48.1 429 15.59 6
10  Protein disulfide-isomerase P07237 57.1 476 512 2
11 60 kDa heat shock protein, mitochondrial P10809 61.1 57 1536 8
11  Pyruvate kinase, isozymes M1/M2 P14618 57.8 795 358 2
12 Vimentin P08670 535 5.06 39.57 15
13 Vacuolar ATP synthase subunit B, brain isoform pP21281 56.5 5.57 5.09 2
14 Vacuolar ATP synthase subunit B, brain isoform P21281 56.5 5.57 724 3
15  Tubulin alpha-3 chain Q71U36 50.1 4.94 17.29 7
15  Tubulin alpha-1 chain P68366 499 495 1496 6
16  S-arrestin P10523 45.1 6.14 3.7 I
17 S-arrestin P10523 45.1 6.14 19.01 7
18  S-arrestin P10523 45.1 6.14 2296 8
19  Tubulin beta-2C chain P68371 498 479 19.55 8
19 Tubulin beta-2 chain P07437 49.7 4.78 18.92 8
19 Tubulin beta-3 chain Q13509 504 483 16.89 7
19 Tubulin beta-6 chain QIBUF5S 499 477 11.88 s
20  ATP synthase beta chain, mitochondrial P06576 56.6 5.26 259 8
21  Gamma-enolase P09104 47.1 491 12.47 5
22 Eukaryotic initiation factor 4A-II Q14240 464 533 16.22 5
22 Eukaryotic initiation factor 4A-1 P60842 46.2 532 12.56 4
23 Alpha-enolase P06733 47 6.99 3141 9
24  Alpha-enolase P06733 47 6.99 2471 9
25  Alpha-enolase P06733 47 6.99 14.32 6
26  Alpha-enolase P06733 47 6.99 22.86 8
27  Actin, cytoplasmic 1 P60709 417 5.29 16.53 5
27  Actin, cytoplasmic 2 P63261 418 5.31 16.53 5
27  Actin, gamma-enteric smooth muscle P63267 419 531 11.7 4
27  Actin, aortic smooth muscle P62736 42 -5.24 11.67 4
28  Creatine kinase B-type P12277 426 534 14.17 4
29  Glutamine synthetase P15104 419 642 6.45 3
30  Glutamine synthetase P15104 419 6.42 24.73 8
31  Glutamine synthetase P15104 419 642. 645 2
32 L-lactate dehydrogenase B chain P07195 36.5 5.72 7.51 2
33  L-lactate dehydrogenase B chain P07195 36.5 5.72 27.03 7
34  L-lactate dehydrogenase B chain P07195 36.5 572 39.04 11
35  Cellular retinaldehyde-binding protein P12271 363 498 22.15 6
36 Inorganic pyrophosphatase Q15181 327 5.54 11.76 3
36  Guanine nucleotide-binding protein G(I)/G(S)/G(T) beta subunit I P62873 372 5.6 6.49 2
37 Inorganic pyrophosphatase Q15181 3217 5.54 14.88 4
37  Guanine nucleotide-binding protein G(I}/G(S)/G(T) beta subunit 1 P62873 372 56 - 11.5 4
38  Malate dehydrogenase, mitochondrial P40926 355 3.92 19.82 6
38  Glyceraldehyde-3-phosphate dehydrogenase P04406 359 8.58 10.78 3
39  14-3-3 protein epsilon P62258 29.2 4.63 14.51 3
40  14-3-3 protein zeta/delta P63104 277 4.73 14.69 3
40 14-3-3 protein theta P27348 278 4.68 14.69 3
40  14-3-3 protein gamma P61981 282 48 13.82 3
41  Recoverin P35243 23 5.06 10.05 2
42 ATP synthase delta chain, mitochondrial P30049 17.5 538 5.36 1
43 Alpha crystallin A chain P02489 19.9 5.77 16.76 3
44  Hemoglobin beta subunit P68871 159 6.81 22.6 3
45  Hemoglobin beta subunit P68871 15.9 6.81 22,6 3
46  Hemoglobin alpha subunit P69905 15.1 8.73 23.4 3

*$pot numbers correspond to the numbers on gel images in Fig. 1 (Peripheral-Coomassie). ™Accession No. corresponds to UniProtKB/
Swiss-prot database. "MW and pl are theoretical scores.
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Table 2. Proteins identified in 40 spots detected only in macular gels

Spot
No.  Protein name

M1 Pyruvate kinase, isozymes M1/M2

M2 Tropomyosin 1 alpha chain

M2 Heterogeneous nuclear ribonucleoproteins C1/C2
M3 Transaldolase

M3 3°(2"),5’-bisphosphate nucleotidase 1

M4 Poly(1C)-binding protein 1

M35 Crk-like protein

M6 Heterogeneous nuclear ribonucleoproteins A2/B1
M7 Heterogeneous nuclear ribonucleoproteins A2/B1
M8 Voltage-dependent anion-selective channel protein 2
M9 Voltage-dependent anjon-selective channel protein 1
M10  Voltage-dependent anion-selective channel protein 1
M1l  Endoplasmic reticulum protein ERp29

M12  Guanylate kinase

M13  Guanylate kinase

M14  Gamma-synuclein

M15 Fatty acid-binding protein, epidermal

M16  Arrestin-C

M17  Arrestin-C

M18 Isocitrate dehydrogenase [NAD] subunit alpha

Mi8  Transaldolase

M19  Tropomyosin 1 alpha chain

M19  Heterogeneous nuclear ribonucleoproteins C1/C2
M20  Pyruvate dehydrogenase E1 component beta subunit
M21  Glucose-6-phosphate 1-dehydrogenase

M22  Glucose-6-phosphate 1-dehydrogenase

M23  Glucose-6-phosphate 1-dehydrogenase

M24 268 proteasome non-ATPase regulatory subunit 11
M25  Elongation factor Tu

M26  Elongation factor Tu

M27  Alpha-centractin

M28  Heterogeneous nuclear ribonucleoproteins C1/C2
M29  Heterogeneous nuclear ribonucleoproteins C1/C2
M30  Heterogeneous nuclear ribonucleoprotein H3

M31  Voltage-dependent anioni-selective channel protein 1
M31  Esterase D

M32  Pyruvate kinase, isozymes M1/M2

M33  Pyruvate kinase, isozymes M1/M2

M34  Aspartate aminotransferase

M35  Heterogeneous nuclear ribonucleoproteins A2/B1
M36  Heterogeneous nuclear ribonucleoproteins A2/B1
M37  Heterogeneous nuclear ribonucleoproteins A2/B1
M38  Heterogeneous nuclear ribonucleoproteins A2/B1
M39  Phosphoglycerate mutase 1

M40  Superoxide dismutase [Mn]

Database Sequence
accession MW coverage No.
No (kDa)® pI? (%) of peptide
P14618 327 4.69 18.11 8
P09493 327 469 13.73 5
P07910 337 4.95 16.67 4
P37837 375 6.36 16.62 5
095861 334 546 10.06 3
Q15365 375 6.66 16.85 5
P46109 33.8 6.26 7.59 2
P22626 374 8.97 453 1
P22626 374 897 11.9 3
P45880 38.1 6.32 98 3
P21796 30.6 8.63 78 2
P21796 30.6 8.63 156 3
P30040 29 6.77 27.59 6
Q16774 21.6 6.11 13.27 2
Q16774 216 6.11 19.39 3
076070 133 4917 126 1
Q01469 15 6.8 21.64 3
P36575 42.8 5353 1495 4
P36575 428 5.53 464 1
P50213 39.6 6.46 224 7
P37837 37.5 636 15.73 5
P09493 327 4.69 14.79 3
P0O7910 3379 495 12.75 3
P11177 392 6.2 31.75 8
P11413 59.1 6.44 5.84 3
P11413 59.1 6.44 9.73 5
P11413 59.1 6.44 12.65 6
000231 473 6.09 23.04 8
P49411 49.5 7.26 10.62 4
P49411 495 7.26 4.87 2
P61163 42.6 6.19 8.78 2
P07910 337 4.95 1601 4
P07910 337 495 22.55 6
P31942 36.9 6.37 11.27 3
P21796 30.6 8.63 19.5 4
P10768 315 6.54 461 1
P14618 57.8 795 33.21 14
P14618 57.8 795 2943 13
P17174 46.1 6.57 8.74 3
P22626 374 8.97 992 3
P22626 374 897 992 3
P22626 374 8.97 7.37 2
P22626 374 897 737 2
P18669 28.7 6.75 8.3 2
P04179 247 835 10.36 2

aSpot ID corresponds to the numbers on gel images in Fig. 1 (Macula-
database. MW and pl are theoretical scores.

in the choroidal layer more specifically, sections were
labeled with anti-PECAM1 antibody (Fig. 3H). PECAM1
s an adhesion molecule expressed at intercellular junc-
tions between vascular endothelial cells [24] (Fig.3J and
3K, green). Tropomyosin detected by TM311 (red) was
expressed adjacent to PECAMI (Fig. 31 and 3K).

SYPRO Ruby). PAccession No. corresponds to UniProtKB/Swiss-prot

Discussion

In this study, we identified and validated of proteins
expressed in the macula and peripheral retina. The
method, 2D gel electrophoresis, limits detection to pro-
teins in aqueous soluble form. Nevertheless, a number
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P M P M of proteins highly expressed in the macula were found.

One of the identified proteins was arrestin-C, which
tropomyosin Br-1,Br-3 is known to be highly expressed in cone photoreceptors,
which are densely located in the primate macula [6].
Previous SAGE analyses of the retina by Bowes Rick-
man ez al. [3] have shown 1.4-fold higher transcription

y-synuclein

of arrestin-C in the macula compared to the peripheral
E-FABP

Fig. 2. Western blot of 5 proteins. Five micrograms of each

arrestin-C sample from the peripheral retina and macula were loaded

onto SDS-page gel (for y-synuclein, 15 yg loading). After

transferring to a PVDF membrane, the proteins were de-

TM311 to tropomyosin tected with ant‘ibodies specific to tropomyosin Br-1, Br-3

(A), y-synuclein (B), E-FABP (C), arrestin-C (D), TM311

to tropomyosin (E), hnRNPs A2/B1 (F). Pieces of gel

images (a—f, a’~f") correspond with the boxed areas. in

Fig. 1 (Peripheral-SYPRO Ruby and Macula-SYPRO
Ruby). Lane P, peripheral retina; Lane M, macula.

hnRNPs A2/B1

Fig. 3. Tissue localization of macula enriched proteins. Four-micrometer paraffin sections of monkey retina were stained with
hematoxylin and eosin (A), other sections were labeled with antibodies specific to arrestin-C (B), tropomyosin Br-1, Br-3
(C), y-synuclein (D), hnRNPs A2/B1 (E), TM311 to tropomyosin (F), and E-FABP (G). Tropomyosin was detected by
TM311 in the choroidal layer (H). Boxed area in (H) is enlarged; labeled with antibodies specific to TM311 (red) (I),
PECAMI (green) (J), and merged (K). GCL, ganglion cell layer; INL, inner nuclear layer; OPL, outer plexiform layer;
ONL, outer nuclear layer; PIS, photoreceptor inner segment; POS, photoreceptor outer segment; RPE, retinal pigment
epithelial; Ch, choroid. (Bar; 50 ym)
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retina in humans. Another protein that was identified in
macular unique spots was 3’(2°),5’-bisphosphate nucle-
otidase 1 (Table 2, M3), which has also been identified
by SAGE as being highly expressed in cone photorecep-
tors [3]. Identification of these cone photoreceptor rich
proteins indicates that the present proteomic analysis
was methodologically effective for identifying proteins
richly expressed in the macula. It also suggests the
higher protein level in the macula may be due to a high-
er density of specific cell types expressing specific pro-
teins. Previous studies have shown arrestin-C expression
in cones [33], y-synuclein expression in RGCs [43], and
E-FABP expression in Miiller cells [21]. Although these
proteins have been identified in not only specific cell
types or compartments in the retina [1, 10, 15, 22, 50],
the majority were localized in particular cell layers in
the retina (Fig. 3B, 3D, and 3G). In a comparative tran-
scription study of macular and peripheral RPE, expres-
sion of E-FABP was 6.3-fold higher in the peripheral

RPE compared to macular RPE in middle-aged humans -
[48]. Our immunostaining showed predominant local-

ization of E-FABP in the neural retina, except the pho-
toreceptors (Fig. 3G), which is consistent with the results

of Kingma et al. [21]. Our observation of higher E—FABP -

expression in the macula is due to higher expression by
the neural retina, not the RPE.

Immunostaining revealed hnRNPs A2/B1 was present
in every retinal nucleus layer (Fig. 3E): However, west- - by binding to tropomyosin. Thus, tropomyosin may play

ern blots showed higher expressioh of hnRNPs A2/B1

in the macula than in the peripheral retina (Fig; 2F). This

may be explained by a higher concentration of RGC .

layers, where hnRNPs A2/B1 is preferentially expressed,

in the macular region (Fig. 3E). hnRNPs A2/B1 was .
by western blot as being richly expressed in the macula.

identified in several horizontal 2D gel spots (Fig. 1D,
box. f*) indicating the possibility of multiple phosphory-

lation sites for this protein. Phosphorylation of hnRNPs

A2/B1 has been shown to be essential for the myelination
of the axon-glia connection [51]. A similar myelination
role is expected for hnRNPs A2/B1 in the RGCs.

In this study, two types of antibodies for tropomyosin
isoforms were used. The brain-type isoform of tropo-
myosin detected by TMBr-3 antibody was not differen-
tially expressed between the macula and peripheral
retina (Fig. 2A), however tropomyosin detected by
TM311 antibody showed remarkably higher expression

H.OKAMOTO, ET AL.

in the macula (Fig. 2E). The difference in the expression
level of the TM311-detected isoforms of tropomyosin
resulted in an additional spot in the macula 2D gel which
did not react with the TMBr-3 antibody. The TMBr-3-
detected isoform is expressed in all regions of the brain
[12,41] and also in the outer plexiform layer and pho-
toreceptor inner segments of the retina (Fig. 3C). This
is in contrast to arrestin-C expression, which is limited
to the photoreceptor outer segment (Fig. 3B). This is
the first report to localize the brain-type isoform of tro-
pomyosin in photoreceptors.

TM311 detected isoforms were localized to vascular
endothelial cells compared to the localization of PE-
CAMLI in choroid layer (Fig. 3H). Abundant expression
of tropomyosin 1 o chain in the macula may arise from
the higher capillary density in the choroidal layer of the
fovea [30]. An earlier study, using human umbilical vein
endothelial cells exposed to hydrogen peroxide, showed
an increase in phosphorylation of tropomyosin through
the activation of the extracellular signal-regulated kinase
(ERK) pathway. Inhibition of the ERK pathway results

+in disruption of the endothelial layer and a two-fold in-

“crease in transendothelial permeability [17]. Tropomyo-
sin has been previously described to interact with two
aﬁii-ang‘iogenic factors, endostatin, a cleaved fragment
of collagen XVIII [23], and high molecular weight kini-
nogen [52]. Both proteins exhibit anti-angiogenic effect

_-an inhibitory role in increasing permeability or angiogen-
_ esis in the macula. Angiogenesis is a pathological finding

“often observed in the advanced stage of AMD [13].
In summary, 26 gel spots were identified as unique to
the macula and 5 of these proteins were also confirmed

Differential expression is likely due to morphological
differences between the macula and the peripheral retina.
The retina of macaque monkeys is almost identical to .
that of humans. Further understanding of these proteins
should provide valuable information about the onset and

&

progression of macular diseases in humans.
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E NIEBO BRI EMBMICKET AL EAONTHY, RIEBLEBRETHS. ROGBT LI C@EO S
B L RSBV BE THET A RMERN L aE AT I EEANU THS. BRI HEDERIC TS
BRMBECEMOES 2 <, MEMES &> TRERIEIERBICE S S L0 E Y, BEFLUS L oTu
5. CORBEIETTY, BICBBNLRBMELL, S OBREBOREE > TNE,
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ARE, K&, £ LUTHFARZEE L obd g
T B, TR 2 HMIEREEA Y —ICHEE
TADLITTIEZR L, HEICEPLTS (B1A). #
BEDH MR IR WA E % T B84 (cone)
HERL, 20T CHADITEEIZ L VATREDE
BAEME (rod) 2EUDH L. BIEBICIIEE, #
B, ENE, EME EULL03F ST LEEQOREN
by, BHROBEHRIIL o TRIET S, ZO8H»TH
HRICEFRROB VGRS (BEAYEERE)
ELTnEsEBA Y (age-related macular degenera-
tion) A& 5. KETHHBKHEOREL LTHE 1M
THY, HEATHREL BRI & o THEF HAHEN
LTwa, IEEBEENIEET, ks, B8, AL,
HEE2 EEBOERIC X > TRIET D & L 2%
Lo THLRIZENTEY, ZD10EMICRER
WA ICHLNII 2o TE:. 512, EHOLM
SEE LTIV ERICEE ST WA N S & E %

FRICORE D ERURMEE AN, # L GREW
RADAHATRIET HEH A b O 74— (ERUEHB
W) b ARMTIIINS OEREMIED 21T
bEZETFREOMBMEMEN L, HHBOHEREED
HUPELLETT 22 FUVBEEROER YA bu
7 4 — (macular dystrophy) ®O—fTH 24+ H I k
WPV A b0 7 4 — (occult macular dystrophy : =
EH) OREBETHEHIZOWTIENTS.

.................................................................

EEDF 401 ~03 mm OB EE AL O & L 48
Bt BRI S HERL S, RSB IS
ORHRE, BEMR, AT, 7o) oMk, A
REMIRCIA T, 7 7 REIH & s AR
T5. MRS CEHEIRAELHEOR LS
4 mmEMICAIEL, HELS~20 mmOEBLET
HHB%ZEL., Zod00ERH0.35 mm (FLE)
ARE TR <P BERL R A BRI ) L iR < RRM L

Visual function of the macula and molecular mechanism of the macular diseases
Takeshi Iwata : Division of Molecular & Cellular Biology, National Institute of Sensory Organs, National Hospital
Organization Tokyo Medical Center (BI/GREMRRERL Y & —BRMEL > & — (BERL Y 5 —) STFHIEDZRF
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fapatL
YFTR —————\: . ‘- .
1 EREROEE &Rk

A) BEOKRBZBAUCKIIENTERZFS. B) £ MORER. C) Rl (RS #tmin) s, MR
DT+ A0 LISREMRTIBORTY Y, #EMRTIER & BOWTNHODA TV UHEETD. DOETIREICKRER
DA T ERAT DHAEMROERUTHFEL, 2 UAND SIFMEMIBMHERE(CIBINT 2

MR ILIE

EMELZBERTH D, FEAEMILOAIHEIED R
By AH&EIIZ-oTwa (1B, C). HEIXARIC
L FEY, e, BEALZIH#INY, HHLE
DEZEFICITV o ZAHKL, ERETHBELLZL
MBHLNTWwa, BREOEDMEE T miEE e -
Mgl - B> F 7 AR % %4 L
Lo TWAHDIH L, i/ (FOFOFRES) T
21 :1:12%-TEY, TZTRREDRDIHE
Ranzd, LLTLHLMEPOTIS ERBBUCHE
NHET 5. SEAHAIIR AR LTS 72
DOZFNF-KEMPHBERLY, I bavyFY 7
D LMIBL =) TIX20HEIELLZ LML TW
AU TRbLEROPLIRENECTHY RAOER
AR - R HERR L RN o 2 WEBEIC o T
B, REPERIOMEITRET 2 LESHIHENEK
T aEEEzD S,

.................................................................

R TIZ, FOAHEBELHFT IO MED
BELREE S DM CEBE SBE ZREWOKHEH
BAITbN TV, MBEEFE ERMIIREE L IR
MO ZET2 LI BL. FTWR%LHRMaD
ARIEH, 2L CREEERTOSUEELZLICE

THEOEEEZMHFLCwa, BEAE LMD
L X o TG DORREAET 3 % L Mgl
HBUHDOHDLYVRTIAF VREEREMIERBD F v —
L FIPERT S CNOLOEMIIR I THRERE L
Bl (EREMEBHBEEN) CHBHICBY
HMEHE (BHEMBEREYE) L2oT, MR
PEESN, POREDIFELETT 5.

B4, BIEFEE (SNP) v 72 HVAZHETE
Bogsr 7 AHB#ENT (genome wide association
study : GWAS) PEEAIATONT VB, I EFEZE
HIZZORNOBEIIFITHS. TAIVHIANBEEZ WS
CL7exA4 204754 by—h—2kb25/ 1AM
BEAT 2BV TR VB D& o 22 FIBICOWTiE, SNP
Fy Lo TREE LI FLHFETIHEHIETFORE
BFERPRB LB BT S L sh23),
ZDLPTHRICHET O Y402H (rs1061170) DsE{z
FEERAAN, -0y 5RAI VY FALBWTEL DB
BIZOWCTHELZDIIH LT, BARARLHEATIE
Y402H DB B St 162V (rs800292) 25—EBD
BETHBTAIRETH-1295. SBOMBOTITA

1 RIL—EY

by I8 *2 S RER LRMRORICERT 2Re5 I I3E
EOWH. ZOWMMSZIEE, #t6, 70K JUZSU
VBESRITDD
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ol 61210
TYWOR 26 (18~38)

2 BARABHENMBEREEOLS / LIERER

A) 27/ LEREICK o TREH 1 0B ISRUVEBEDIRES N/ (—3»). B) OO SNP rs10490924
OMEBERERS LORY —TRIRBEOEEICS T2 p &S v Xt (OR). C) rs 10490924 & EHRFE
(linkage disequilibrium) Z#ET 28I ARMS2H'5 HrA1 D 2BEFICEHD, LWFNOEEFHESICESS

FDONHARESNTNSD (AIFTHO K DIxiE)

%2 FEEIERER

BB RRGRE CEE C3DIENMTOND T ETEKT D
BEBEERBO 1D, FRTO<SNECIRMmAPTC3as
C3bICHMEEND. CIbIIRREDEEEICHESL, TNICB
FHHEETD. TOILTDEERKIEDAFICK>THEEN. Ba
PBLUCIEGRERBbELED. C3bBhERGKECIEESIC
C3a& C3bICHRL. RRARED C3bBbLIZEMNTS. C3b
£#5&(E C3bBbC3b &b, TNZC5%#C5as CSbICHRR
L. CBb, CB6. C7. C8. CON LI EAKITMIaEEEMtE
Atk (membrane attack complex : MAC) #ER U, REED
HREBICTNERIT, BEEORLICL >THEERRTS. HA
FIZC3bICHEAT D& TRRRBITIIRIBICH < .

%3 JIby TR
PREREE TS THRMABEOBES. SRER FyE REE
METD. B - REEREOYESROERS T TS,

CICB 2 HRFOREFEMERATER ShTwa,
Y402HIZHHE ¥+ DR E EE 5] (short consensus
repeats : SCRs) D 7#HFHIZH Y, C3b, CRIGHESY ~
237 B (C-reactive protein), 7)) a¥3I ) r/ysrok
DREEEALICHE L, #WHARREE 2 ORI RET
LEZONS HERFD/ 97T 9 b=y R (cfh) &
HHlaOEE, #ECBITAC30ER, 7y 7E*
DFEFFBEENTVEY . 510 $Ek10ET
13 LOC387715/ARMS?2 (age-related maculopathy
susceptibility 2) & HtrAl (HtrA serine peptidase 1)
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MIREFE LEMIE 701 26

HREMEE

A) EERBTICSVTORERY EXERARFBEEEENSHREYY—). B) EBEEORES. BRBICERD K
W—EUDEPUTHFETD. C) KEVILORESMBEER MR E DER (------ ) ZREUCBTREMESHE. #Ee
FRLEMRBORBREADBEERTICK > TRELORFER (=) ABDBEESNE. D) EBEGERBEEORBER
LEARRDMMIARTEREEDERE. Z0-1 28 () (L& > TRBYILOMIE TSN L T3 - EHEEa N B

(FHfarz (DAPIZE)

BEFRIBICBT 2 REFSEIECHBELED. b
NONBZEARNIE AN BHEEREROA S
£, MBIZLY ) AEMBN 2177825, Rt
1 HFOCFHERIZHEB LT, ReaFE10ED
LOC387715/ARMS2 DANHE T A & #HL 2T L
72 (BA2)89, ZO\EBIHET 2 2 00BIEFOH
T/ TR IMBERERED) R 7 2 B0 5 DA, Bk
BETHEHBELPIZENTW v, LOC387715/ARMS2 &
BFE~ 7 AEHFEES, © b LOC387715/ARMS2
ERATDHINI VAT 29 /9 AR LI LS
HIMEHEIET 2N RIBEENTVE, T2
HtrAl®D/ v 779 b7 ATRERT L @EOTE
HZREIBRESh T2, BREREHRZET
RETH2Z L0, 20HRICEIALDTY A1
REMLA P LARMZBLEND Y, BAEEHRIIT
b Twa,

.................................................................

FV—E Y OERPERZ P OICEHEICRRE, &
W T 5 BEER R R IS L, S
DHME S EE SN TEMBMBERER 22, =
IS IRHE B > O BRI A1 > o C B BELR C I 5 37 4 2
B HBHAMGEREN LR Sh?, EHEIY
ATOBEEDFEL, BHEZARAZZ W L2345
NTV5E. FV—EBVDEBA S = AT E+4000
RSN TORVA, BETFEE, Bl RE+ 2
AEEANEE (DHA) OXBALA Fio it 3 2 BEHE O,
TIOAF B OFERIC X BHEKIEEALY, H4 bAA
U VABRRIZE ZRIEL D, rEh4{ rORHESR
WAEDTEIEIL ~19 2 VEBOREE X2 5h TV,
COLENTHHFIL, FLv—¥rL@EaE bEs
FEDBEHLVFRE SN TEY, BEOBEYR R
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A) ZAERIZBOT 4 —DRK. COBEBGEORAERNT SNP HITLINKEHEIRITERITL), SELRAEHIC
EEREEN Yy EYIENE. B) BECERESNCAPIL 1 R45W & WOBORBEEFER. 2DNZERF I ,O—/L
876 ATRREE NN ofz. C) RPIL1 ORFERE (). RP1L1 ONKHICH U TR g EBL T DN,
HEROAMEFEO SABICHI TREBINL. KBIORTYVORERE. BEMROATHREINTNS

BRI & o THIMHBE S T OB S EE s hT
W3, ERBOBEO—HIZBHEABTTE I LS
MONTWEY, TOFMEA D= LEIFAHOE
Thad. HBRDLH I, MSHHEHELEED) 27 BT L
LT, BEF, Wi <, BRE R ekl
ERHIOENTWS,

ST, DLEOBEEX SHEKDFEELZIHT 2 2 &
IZ&oT, MGHEMERXEBRT LI ENEL N,
% { DRRIIHIEE IO THR AR T 2 O RAhHsaF
ENTW5. AHE—HOEEREBHICLIGEEL
WD, BN EREY (v R, Ty
b, ENMEY M) CERHERICEETIERITE R,
ZZ CThb U TEEAEEERT AR EREA

R Y 5 — L ORFEFEIZ L o C, BETH
HEFBGD FIV—¥ v 2 ERT 8500 & LN
NEZTAFNVEBIT LTS (H3) 7. ZoERY
WIZBWT, & ERBEIC NV —¥ v 2
MBI B THEDOHRLIBE SR TNE 919, b
NONBHAEZIGET AL ICL > TR V—E D4
B % B B VIZTHR T A 52, C3bIHIZE (Comp-
statin, John Lambris {2 & - THI%E) 3B & U°C5b g
¥ (AcPepA, MHFHHICL > THTR) OBE2HFd
Tdb. %47 LT\ 5 Compstatin (2 DWW T I3 EER 2
W24 BHAFHIZOWT, —E#D FIb—¥ L 12onTiH
RLTWLBETIBEBEIND,
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185 - BEEEIEHOEIRBIES BHEEDHF XA

F3 Z 7L hNERYZ hOT 4 —D
FEBBIET oo

AN MEEVA D74 -RBRAC L THER
ENTHS B VIREBRDLDOTHY, B ER O S
E@.@Jm‘[‘ﬁ%énbﬁ’i’c‘?)ém”’. bbbk
TRESNAHNVIERIA PO T 4 -ORFRE
@AaEL (@4 A), SNPF v 7&BAGIH LVESHRAT
¥ (SNP HiTLink, fHEF & BRIZE - TH
2) D FAVCRI%To7%. ZOKE, ek F
5Gil2 LOD Score 3.7 EDB W EGAER S .
SEEE AT O rs265309 20 B rs263841 £ TO#) 10M b
DEBIIEIV L LD 128 REFAHEEL, ZORD
POBETORFEIHR SN2 22 ORETF B SN
7o X512, LBREFOXBICE2E#RLH 400K
#. MSRA (methionine sulfoxide reductase A),
GATA4 (GATA binding 4), PCM]I (pericentriolar
material 1), # L TRPILI (RP1-like 1) RIS N,
CRLDFA VY VY= IV AR EOMR,
RPIL1ZRASW DBIEFEENER SN, B2O0F
IV IPEHIA PO T A4 — KRBV THRELERD
EENE E5IC1RRICBVTWIORZEREHIFHER
xhi: (M4B) ».

RPILI i@ LM ORREET RPI NI S
BEFELTZU—ZVTEN, SLLDBEVFAT ) —
=y SN REFERIRBRR SN0 /2™ 2,
RPIL1 @ N Ko L TIER S nichifk % B v TRz
Yot 2T o AR, RMROBMNE ICRRM L RED
FEsn: (B4C). ZORBREITTZATITbILFE
B L BT ARETHL Y. RMROBINER
EEICAELTEY, Mk SO M OESEREE
85 L M % iR o THIRROIE & 2B 1E
F LR HH D, RIBW B L *WI960R DEI=FEE
ko T OBENEESNS L, PLEOHARR
ks R L TR AR R, BObHERE L CET
FOMEENAH S, T, HAMRIET RV F—HR
BRI R TAEWI E2D, BERICLST
BUNEDBEENRE S h, MR b EA RO
BBV, S HRETE ZVWREBIIZoTY
AR D H 5. SHOERHEORRYMTF INL.

.................................................................

EREMD P06 EATFREDMEEHEE L X
VFVBEOA ANV I EBEIA O T4 el
256 TS U7s. AHBIRATIC & o TR b N Bl
EFERBERTFPEREF LR EOBBEZT LD,
BIETFOADOHIETIIE A% bW MY D 2.
bivbiudeE, i, FeXREDA VAL
EEBEINODNFI VAT 2T )Y ITIRT
TAEFEOTHRIEL TS, A ANVMEARI A
074 —2815RPILIZR L O¥EHIIOVWT, HF
NS & R O SRR OREFE R el T A E O
WIEIZ2oWT, EHICTRANLVF—EHEREOREIIOW
THRETLTWA. IMGHBEEL A7)V PEEVA b
074 — R RERFORLZERTHLY, HE
ERODREHE 7 MBS IC ISR T A T LI owTiddtkAE L
Twa, #lckoT, XSk LBREFEDLN
PoEER, MICA M LR LTHEEEICRY, F{OH
BESREZMES L) hobELLND. BHIIHE
ORDPTHRDEERRUTH Y, SHOTEOER
PHFENTWVS.
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