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amination, fluorescein angiography. and electroretinography
(ERG) [17]. The color vision was tested with the panel D-13
and the Ishihara pseudoisochromatic plates.

Standardized (ull-field. photopic, tlicker. and scotopic
ERGs were recorded as recommended by the Standardization
Committees of the International Society for Clinical Electro-
physiology of Vision (ISCEV ). After pupillary dilatation was
achieved with 0.5% tropicamide and 0.5% phenylephrine hy-
drochloride and 30 min of dark adaptation, the scotopic ERGs
were elicited by a white stimulus at a luminance of 80 x 0.12
cdfsec um?. The rod-cone single-flash ERGs were elicited by
a white stimulus at an intensity of 20 ¢d/sec pm?. The photo-
pic single fash ERG and the 30-Hz flicker ERG were elicited
by a white stimulus at a luminance of 1.2 and 0.6 cd/sec um-.
respectively, on a white background of 25 cd/m?,

DNA sequence analysis: DNA was extracted from the
blood of the patient and his parents with the QlAamp DNA
Blood Mini Kit (QIAGEN. Hilden. Germany), and the DNA
was used to screen for sceneuu mutations tollowing protocols
described in references [18-21]. The genomic DNAs of exon

1 of the SAG gene were amplified using appropriate forward
primer (SAGIIF, 3'-GGT CCATGG CAG CTT TGA TG-3Y
and reverse primer (SAGUIR, 3-CTT ATT CCC TGA GCC
TCG AG-3"). The conditions for polymerase chain reaction
(PCR) were as follows: 10 min at 94 °C. followed by 35 cycles
of 30 sat 72 °C, 94 °C for 30 s. and 60 °C for 30 s with a tinal
extension step at 72 °C for 3 min. The PCR products were
puritied and sequenced using the Big Dye Terminator sequenc-
ing kit (Perkin Eliner Applied Biosystems. Foster City, CA).
The products were resolved on an ABI Prism 3100 sequencer
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(Perkin Elmer Applied Biosystems). The mutated nucleotides
and substituted amino acids were numbered according to the
Genbank accession number NM_000541.

LightCycler polymerase chain reaction: PCR and melt-
ing curve analyses were performed on the LightCycler detec-
tion system (Roche Diagnostics) using protocols in references
[16,22-25]. Schematic diagrams of the LightCycler hybrid-
ization analyses used in our assay are shown in Figure 1. The
hybridization probes for the SAG gene were designed with the
LightCycler Probe Design Software (Roche Diagnostics). The
probe sequences were as follows: the anchor probe SAG11Flu
AGG CATTGC CCT GGATGG GAAAAT CAA G-I luoxcs-
cein. and the sensor probe SAGHLCRed. LC Red 640-ACG
AGGACACAAACCTTG.

When the probes hybridized to the same DNA strand in-
ternal to the PCR primers, the probes came in close proximity
and produced a fluorescence resonance energy transfer
(FRET). During the FRET. a donor fluorophore, which is ex-
cited by the LLED light source. transfers its energy to an accep-
tor ﬂuorophmc onl} when it is positioned in close vicinity of
the former. Afler a complete PCR run. it is possible to per-
form a melting point analysis, during which the temperature
is lowered below the annealing temperature of the probes and
then slowly increased. The tluorescence signal decreases when
the detection probe melts oft its target.

The reaction mixtures were prepared in glass capillaries
containing 0.5 ul of purified genomic DNA, 0.2 uM of each
primer, 0.2 uM of each probe. 10 u LightCycler Fast Start
DNA Master Hybridization Probes mix, and processed accord-
ing to the manufacturer’s instructions (Roche Diagnostics).
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Figure 1. Schematic iilustration of polymerase chain reaction primers, anchors, and detection probes for the SAG gene. The probe for SAG//Tlu

is labeled with fluorescein at the

3" end and serves as an anchor probe for S4G{JLCRed. The sensor probes. SAG//LCRed, is labeled with

LCRed640 at the 5' end and spans the DNA region having the mutations. The region of the mutations of the S4G gene is shown below the
illustration. and the mutation sites corresponding to 926delA. are shown in bold letters and are indicated by arrows. Circle represents fluores-

cein; double circle represents LC-Red 640.
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Real-time PCR was performed by an initial denaturation at 95
°C for 10 s. followed by 40 cycles of 95 °C for 105, 55 °C for
15 s, and 72 °C for 9 s. Following the amplification phase. a
melting curve analysis was performed at 40 °C for 20 s fol-
lowed by a slow heating at 0.2 °C/s to 85 °C to determine the
melting points by monitoring the reporter dye tluorescence
emission in channel F2/F1 (640 nm).

Melting curves were converted into melting peaks by plot-
ting the negative derivative of the fluorescence signal against
the temperature. The sudden drop in the fluorescence signal is

then transformed to a peak. allowing the eagy identification of

the melting temperature (Tm) mismatches between the hy-
bridization probe and the target.

RESULTS
Cuse report: Our case was a 14-year-old man who first vis-
ited us three years ago for evaluation of night blindness. He
had a slight myopia with a correction of -2.5 diopters in both
eyes, and his best-corrected visual acuity was 1.5 in each eve.
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There was no consanguinity in his family, but his paternal
grandmother had a history of night blindness. He had normal
color vision according to the results of the Farnsworth Panel
D-15. The Goldmann kinetic visual fields showed no abnor-
malities. Fundus examination revealed a golden-vellow glis-
tening color throughout the retinas of both eyes, but after 4 h
of dark adaptation. this fundus appearance became normal,
confirming the presence of a Mizuo-Nakamura phenomenon
(Figure 2).

The tull-field rod ERGs after 30 min of dark adaptation
could not be recorded in both eyes. The photopic ERGs and
the 30-Hz flicker ERGs were normal. The bright-flash, mixed
cone-rod ERGs demonstrated a negative-type ERG with the
amplitude of the b-wave smaller than that of the a-wave. In
addition. the amplitude of the a-wave was reduced (Figure 3).

LightCycler analyses: Direct sequencing of all coding
regions of the SAG gene in the patient revealed a homozy gous
926delA (Asn309 (1-bp del)) of the SAG gene (Figure 4), which
meant there would be a shift in the reading frame and a pre-

Figure 2. Fundus photographs
of a 14 vear-old patient with
muations of the SAG gene. A:
Left eye. without dark adapta-
tion. Golden-yellow retinal
discoloration can be seen. B:
Left eve, after 4 h of dark ad-
aptation. Fundus color appears
normal.
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Figure 3. Comparison electroretinographic recordings from the affected individual and a normal subject. The full-field rod electroretinogram
(ERG) after 30 min of dark adaptation was undetectable. The photopic ERG response and the 30-Hz flicker ERGs were normal. The bright-
flash, mixed cone-rod ERG was a negative-type ERG with the amplitude of the b-wave smaller than that of the a-wave. The control (normal)
subject was a 28-year-old Japanese woman recruited for the study. With appropriate correction she had full visual acuity, with no history of eye

diseases and no serious general diseases.
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mature termination of translation. Both parents were heterozy-
gous for the same deletion mutation.

To develop a reliable and rapid method of genotyping
based on the hybridization probe assays, we designed two se-
quence-specific primers and fluorophore-labeled probes for
exons 11 of the SAG gene were (Figure 1). The LightCycler
detection system was standardized by analyzing the sequence-
verified DNA from the patient, his parents, and normal con-
trols. (For normal controls. three normal volunteers were re-
cruited. With appropriate correction they had a full visual acu-
ity. and there was no history ot eye diseases and no serious
general diseases. Their ages were 25, 28, and 29 years.) With
this technique, we were able to distinguish the disease geno-
types by the distinct melting peaks (Figure 3). Homozygous
wild-type (926 AA) showed a single peak at 62.0 °C. Heterozy-
eous 926delA decreased the Tm with a heterozygous pattern
of two peaks at 62.0 °C and 54.0 °C. The single peak at 54.0
°C indicated a homozygous 926del A mutation (Figure 5).

It required approximately 34 min for one thermal cycle
to complete. DNA samples were examined under the same
PCR conditions in triplicate, and all results were 100% in con-
cordance with the genotypes determined by DNA sequenc-
ing. We observed scant intraassay variation, and neither shifts
of the hybridization probe melting temperatures nor inaccu-
rate melting curves of individual samples were observed (data
not shown).

DISCUSSION

We have developed a rapid PCR-based fluorescein assay for
the detection of the 926delA mutation, a hotspot in patients
with Oguchi disease, in the SAG gene. Because the 926delA
mutation accounts for most Japanese patients with Oguchi
disease, this probe set can detect the most common mutation
in the SAG gene, and is thus particularly useful for a rapid
initial screening in the clinic. The precision of the assays was
100% demonstrating a complete reliability of our new high-
speed genotyping assay [16].

One conventional method used to detect mutations in pa-
tients with Oguchi disease is direct genomic sequencing. Even
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Figure 4. Electropherogram of the sense strand of genomic DNA. A:
In this electropherogram from the affected individual. the arrow marks
a homozygous 926delA mutation. B: Electropherogram done on the
affected individual’s parents showed a heterozygous 926delA muta-
tion. C: Electrophcrogram from a normal conrrol.
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Figure 5. Real-time genotyping of
the SAG gene around the nucleotide
by hybridization probe melting
curve analysis. Analysis was done
by plotting the first negative deriva-
tive of the fluorescence with respect
to temperature [-(dF/dT) versus T].
The melting peak temperatures ob-
tained from the derivative melting
curves are as follows: 62.0 °C for
homozygous wild-type, 62.0 °C and
54.0 °C for the heterozygous
926delA, and 54.0 °C for homozy-

gous mutated type. Genotypes are
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though the method provides more data. it is more labor-inten-
sive and expensive. Another method. the PCR- restriction frag-
ment length polymorphism (RFLP) assay for detecting the
926delA genotypes, requires a PCR amplification followed
by digestion with a mutation-specific restriction enzyme of
the amplicons and then gel electrophoresis. Both methods re-
quire several hours and more manual interventions, such as
gel electrophoresis, resulting in a higher risk of contamina-
tion by displaced amplicons and exposure of the investigators
1o potentially toxic reagents such as the ethidium bromide stain.
In contrast, our rapid PCR-based fluorescein assay is a closed-
tube system that does not require any post-PCR sample ma-
nipulation. which enables reliable genotyping in less than one
hour and is suitable for routine clinical use. In addition, our
new assay can also be used for screening autosomal recessive
retinitis pigmentosa caused by the 926delA mutation of the
SAG gene.

It was suggested that mutation 926delA of the S4G gene
is the mutational hot spot in Oguchi disease, however there
have been reports of increasing numbers of rare gene muta-
tions. such as & homozygous 577C >T (Argl93stop) [26], a
compound heterozygous 523C>T (Argl75stop) and 926delA
[271, a homozygous 874C>T (Arg292stop) of SAG gene. [27)
and compound heterozygous 1139T>A (Val 380 Asp) and
1607deldbp [3]. and a homozygous deletion of Exon S0f GRK /
gene [5] have been recently reported. More recently, a variant
form of Oguchi disease was reported with a ¢.827-+623 _883del
mutation of the GRA'! gene [28]. These findings indicate that
there is likely to be a broader spectrum of genetic heterogene-
ity associated with Oguchi disease than previously believed.
Our method should help identify the gene defects associated
with SAG or GRK/ mutations in Oguchi disease with a rapid
and reliable identification and the exclusion of the frequent
mutations in the SAG gene. This should accelerate our ability
10 gain insight into Oguchi disease enable us to and under-
stand more precisely the mechanisms underlying night blind-
ness associated with clinically diagnosed Oguchi disease or
SAG-associated retinitis pigmentosa.
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Macular thickness

regression  spG  PCC P value

coefficient
crude
gender -564 -017 -0.17 <.0001
age—adjusted model
gender -6.27 -019 -0.20 <.0001
age -0.35 -023 -0.24 <.0001
multi-adjusted model 1
gender -552 -017 -0.17 <.0001
age -030 -020 -0.20 <.0001
axial length(mm) 1.53 0.12 0.12 <.0001
multi-adjusted model 2
gender -429 -013 -009 0.0002
age -027 -0.18 -0.16 <.0001
axial length{mm) 1.45 0.1 0.11 <.0001
height(cm) -4.33 0.05 0.04 01468
Macular dimple depth
regression  sRCc  PCC P value
coefficient
crude
gender 5.18 0.14 0.14 <.0001
age-adjusted model
gender 4.31 o1 0.12 <.0001
age -048 -028 -028 <.0001
multi-adjusted model 1
gender 2.79 0.07 0.08 0.0016
age -0.58 -033 -0.32 <.0001
axial length(mm) -307 -020 -0.20 <.0001
multi-adjusted model 2
gender 2.63 0.07 0.05 0.0451
age -0.58 -034 -0.29 <.0001
axial length(mm) -306 -020 -020 00016
height(cm) -0.01 __ -001 -0.004 0.3664

SRC : standardized regression coefficient
PCC : partial correlation coefficient
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BEER/ST 2 —& — E Fi, Rk, RO
FICEEE L2 mAH 0. BEORENDL
b BLZECTHEIBEROEE OEITEETIE
otz BB OB I UMERIHR
BEIT ) BRICIE B LOAHB DET VTR %
1Tolc, HHEITRBEHMEBENE N LV D
Feipolon, TR RREM
IRZNT & EEERHDINE LIV,
REIEMEN R, ZEREN-TZ, T
NIEBEOT VT ART T VRRIEOHE
E—E LTz 84,
HHHMEEE - BRI OMRNICEET S
K+ & U TR O i & IRELE 2

Macular thickness

Age Group regres§ion SRC PGC P value
(n) coefficient

40-49 gender ~-11.01 ~0.36 -0.36 <.0001
(222) age 0.21 004 004 0.5180
axial length 0.13 0.01 0.01 0.8558

50-59 gender -8.02 -0.26 -0.26 <.0001
(440) age ~-0.76 ~0.14 -0.14 0.0031
axial length 0.86 007 008 0.1102

60-69 gender -1.44 ~0.05 -0.05 0.2901
(555) age -0.23 -0.04 -0.04 0.3330
axial length 2.63 020 0.19 <.0001

70-92 gender -5.35 -0.16 -0.16 0.0007
(479) age -0.39 -0.10 -0.11 0.0196
axial length 2.17 013 013 0.0042

Macular dimple depth
Age Group regresgon SRC  PCC P value
(n) coefficient

40~49 gender 2.70 008 008 0.2119
(222) age 0.13 002 003 0.7097
axial length -2.70 -0.23 -0.23 0.0005

50-59 gender 4.55 013 014 0.0035
(440) age -0.77 -0.13 -0.13 0.0057
axial length -3.54 -0.28 -0.28 <.0001

60-69 gender 0.94 002 002 0.5779
(555) age -0.63 -0.09 -0.09 0.0334
axial length ~3.65 -0.22 -0.22 <.0001

70-92 gender 3.28 009 0.09 0.0587
(479) age -0.77 -0,18 -0.19 <.0001

axial length -1.72 -0.09 -0.09 0.0401

SRC : standardized regression coefficient
PCC : partial correlation coefficient

®2 SHESNOTHEHBERE.
FHREREORMNE

Thotz, EEP LN D & MEFEITE Y,
BRMONAEL /NS 2ol REIRIZ
F< s L EEILEL 20, HEHONS
ZII/hE g oTe, FEEBEEMAERE OMH
M/ NEOBEORE 2 L RAOFERD -
7eds, MEREOWNAZIZ OV TIERFEERTSH
o7z, REIE & EHMEE O EOERE I 60
BRARTE CIEFE < . 50 ki CIIFFICT o
oo ZOBMRITEREICFICROONDHE
BRTHIFAEERS D, FRITHEERICEZ
EEMT CRAREREBIIR LN o7,
FOMOEEBIBEOEEIZ b 620
N, SHROHFEIZE > THLMZ L TWIT



HBH0DEEZ B,
E. &#%

ANUBT —fERICB W T Bz L
TR ABEHEEE N E <, B ORS
EMRENRoTe, MIZITERR L REIESE

2B,

F. BEERER 2L
G. MEHE=R

1. FRSCHRFE 2L
2. FEREK L
H. MNEEEORE - 8851R
1. s L
2. ERFREERG L
3. 20 L
1. SEXH

1. Lim MC, Hoh ST, Foster PJ et al.

Use of optical coherence tomography
to assess variations in macular
retinal thickness in myopia. Invest
Ophthalmol Vis Sci. 46: 974-978,
2005.

Luo HD, Gazzard G, Fong A et al.
Myopia, axial length, and OCT
characteristics of the macula in
Singaporean children. Invest
Ophthalmol Vis Sci. 47: 2773-2781 ,
2006.

Xul, Lid, CuiT et al. Refractive
error in urban and rural adult
Chinese in Beijing. Ophthalmology.
112: 1676-1683, 2005.

Shufelt C, Fraser-Bell S, Ying-Lai M
et al. Los Angeles Latino Eye Study
Group. Refractive error, ocular
biometry, and lens opalescence in an
adult population: the Los Angeles
Latino Eye Study. Invest Ophthalmol
Vis Sci. 46: 4450-4460, 2005.



10. BRAVEEESTOHEFEERIZETS

YA bAAY - TENA VEEDSERER

BREE, & B, EEHETE. EAFRH. [THHEE,
REWE, EEBES, B A, AEH
(FLR)

MAEE BERFEBEEOHEERICBN T, AERENNTIEELZZILNATVDS, T
FEWFEBEFIA PIAROTEDA VRECEL TEAx OBEITRR I D, FEF
WCEBOBHERFZRAE L cBEITRV, 56, BREEBERE OMFERETOY A+
A I A CIRER QIENIZRIE - BT LI O THRET D, MRITERFANTE
(DME) B 52 f5l, HAFEFEPRIWHEESE (PDR) #f 89 i, BEBEMFL - BB LIR/2 & 49 4 (kf
BBE) Th B, PRI TEREETER L, Bt~ 78— X7 LA VAT A(Luminex®)
ZRNWTHEA OYA b IA 2 ThA VREZRFRE L7z, BIEE R i3 GM-CSF, IL-1b,
IL-6, IL-8, IL-17, TNF-a, IFN-y, IL-2, IL-4, IL-5, IL-10, IL-13, IL-15, EGF, VEGF, basic
FGF, G-CSF, GM-CSF, eotaxin, IP-10, MCP-1, MIP-1a, MIP-1B8, RANTES T %5, DME
FEK N PDR B O T, sHBE#E & el U T IL-6, IL-8, MCP-1, VEGF OBEENFE

WWEETH o7z, EiZ PDR BT DME B& B LT VEGF AFEEICEETH T,

Luminex® % i\ T FARIRIERF 2 G FEMICARIT C© & o, FERFMEEEDORIEL,

IL-6,

IL-8, MCP-1, VEGF 23B8E54 2 Z L 3R S 7z,

A. BIRBEMN

FERP, miLE. SAEMAE, BRIE(LE D
REMER B I I EAR D RIEIZ & 250
MEEENEE L TWVHEINTEBY D,
B PRI M IEE BB O TSR P ORIEHE Y
A B A DRI DV TILE 2 DO H
R ND, #l 2L Elner? 513 IL-S8,
MCP-1, M-CSF iz 2T, Demircand &%
IL-1, TNF-a® B 5>V THE L T\ 3,
Lol BaBFANBY, 2ok He4
A N HA ATV TEIERNIRT LG
i, £, HRICOWTERFEHEBE
DRI L - T Lis @ EF T2y, £2

T4 IHERIRMEBE B O Ao
T, Luminex 100® (Luminex #) % 8
W~ A /B E—XT LA VAT AT
L0, REIEICEE T 5 MR F % 54589
W BIEB % [RIRFARAT L 7=,

B. BIRAE

*TE I 2005 4£ 9 A —2006 4E 8 A DRI
JUN K CTHYFEFMT &2 5EfT L7 190 #I T,
FHBH MR IR LR T2 H
VW2, PNERIE, control B (BRBEMTL - 3BT
R 51 #l, FERBEBEEDOME)E 51
., HEFEYE R R HEIEE (PDRBE 88 il Th >



72 FEER O 1T control B 66+8 5. DME
Bt 35—86 7% - ¥ 63+10 . PDR B 29
—80 % + F¥) 5514 mk. MHERHIL control
B 13 Bl 38 51, DME #3544 21 il
% 30 5, PDR #5165 filZctk 23 5l TH
ST, WFEY 7% PBSIZT 10 {54
IR L. Biosource £ Antibody beads kit
ZEEAERE Y A, Luminex 0 Luminex
100® & AV C@IEMICY A bl A > 7
A BREEE LU, BELEB L
TOBBYVTHD A MoA2 12 BHE
I1-18, IFN-y, IL-2, I1-4, 1L-5, IL-6, 11.-10,
1L-12, IL-13, IL-15, IL-17, TNF-a, 7 &7
A2 TIEH ; IL-8, eotaxin, IP-10, MCP-1,
MIP-10,, MIP-1B, RANTES, #EFE[RE T ;
EGF, VEGF, bFGF, G-CSF, GM-CSF,
(R THE ~DELE)

Y o T DERBUZ DWW TIIUIN R E
MEBEEZEEEORRBEHBL L, BEIITA
TH—ALRarkEr N ETo,

C. BIREE

HE L7z 24 B+ 5 5, IL-6, IL-8, MCP-1,
VEGF I$MHBRELL ECRITRIREE Th o 7z,
Z @ 4 A3 control B & Ltk L, DME -
PDR W THEBEICEWER & 72272, IL-6,
IL-8, MCP-1 TiZ. DME # & PDR Ofiz
HEBEEEZRORNHo 7B . VEGF X DME
Bl PDR BHMCTHEILEETH-
(2 1, 2),

Z D 4 R+ DOHEEREMMKIZ OV T Spearman
FEAT 21TV, B & DEEFI L~V THE & % b
B L7=& Z A VEGF LSO 3AFIERE
WIZIRVFERE S R 572 (p<0.01), DME ##
& thEg L PDR 8 TLEA LTV /= VEGF 12
DWW, FHERERE A 25, HE—IL-

S DA 0.01 RO\ FEEI A2 285 7- (4
3

D. B8

SEVE Lo BERT 24 BFD 5 5 BER
7 M8 IR GE B T id IL-6, IL-8, MCP-1,
VEGF "EETH -7z, ZOZ & XD THI
Ba% Tid7z < BARGER ORMER-F 255 R
JRREIEAE DIRBICR 55 2 L 2SR
S,

IL-8 I3EE N L TMEFELERT S &
Whn Tk Y, IL-8 ITMECKERIRE T
glial cell <° endothelial cell 7» 5 EA X4
% 9, VEGF & OMBEIC>WTRET LI &
A, ME—IL-8 IZHRWHEEA A bz, &
DT LI, FERPIREEE OF BRI I HT 4
ERIEDOT T OERDN B D &3 DIRGEE
FyomReiaol,

A EO#FFEIE Luminex 100® ZH W TiT-
72o Luminex I[IRXE - &ML ELISA &
FERBETCHLH DI, YEOY TV
(QopD o 2HOEE @4 FH)E{E= A |
TR CTEDL WO FERN DT, Fi,
Ta—HA FA M —OEFEFALTE
b, EEBENFETH o, TR
HIZED~w I/ E—XEnbELEND
RIS RS o7205, FHIRTH & THRIET
Efo, WEMBOBERMEICOWTIE, %K
BT LIRET T D LER H D,

E. #&

Luminex® # AW T, DEOHETEY 7
N £ ZHER - ZRTFEZRFICHES D Z
EMRTET,

PEIRIRMEREIE I 08 O RIEBFIZIE, BARR
(2 IL-6, IL-8, MCP-1 REETH D, — 5.
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Z OIS IL-8 4 L7z VEGF @ L5
MG 5 I EAURE E N,

F. 2iEkiss L
G. MERRE

1. MXRER L
2. FRRER L
H. FIERIEMED HEE - EHIRM
1. HRFEUS L
2. ERHEES L
3. Zofh L
| . SEVR

1. Nguyen TT et al: Retinal vascular
manifestations of metabolic disorders.
Trends Endocrinol Metab. 17:
262-268, 2006.

2. Elner SG., et al: Cytokines in
proliferative diabetic retinopathy and
proliferative vitreoretinopathy. Curr
Eye Res. 14: 1045-1053, 1995.

3. Demircan N et al: Determination of
vitreous interleukin-1 (IL-1) and
tumour necrosis factor (TNF) levels in
proliferative diabetic retinopathy. Eve.
20: 1366-1369, 2006.

4. Yoshida S et al: Induction of I1.-8,
MCP-1, and bFGF by TNF-alpha in
retinal glial cells: implications for
retinal neovascularization during
post-ischemic inflammation. Graefes
Arch Clin Exp Ophthalmol. 242:
409-413, 2004.
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1. REFIRASESZHFEHO SDF-1, VEGF,

REEY A FHA VIREDFEE

A RV, BESRRR Y. BEER Y. LRV, LEHTY
BORAY SULERR Y, SFHEE Y, HARTY
VERBXR, YIUNK, YEREK - MERIREMITE, UNIT BILHE)

MEEE stromal cell-derived factor 1(SDF-1) 3B FHAEICEHbLAFr T LT
ERENTWD, HEIEFIREAZEE (RV0) BFM TR D SDF-1, VEGF, REEMEY A b1
VIREZBEL, RVO ~OB5E2RE Uiz, T EFNEHEIT L7 RV0 B3 20 #1 20 R,
FETENENE I (ERM) B3 9 11 9 IR & %F8R1C L, IR A IS iR 2 5 B L, SDF-1,
VEGF ¥ 1L ELISA &, REMEY A M+ > (IL-8,18,6,10, 12p70 « INF- o ) X
Cytometric Bread Array Z W TCHIZE L7z, RVO BFE % Active RVO Bf (A B4 B) &
Quiescent RVO F¥ (Q#¥:;16 fR) Tioi}. MEHERIBIT 21T o7, SDF-1 JREEIT A BEL Q B
(278.95vs61. 18pg/ml), A £ L ERM B¥ (37. 32pg/ml) THEZ (£ < 0.01, Mann Whitney-U
BE) BRBOOLNTN, QEEL ERM B THRRD bienyo7-, VEGF, IL-8, IL-6 TH AR
DHEEVPFHO b, VEGF, IL-8 TiX Q ##& ERM HTHLHEEZHE®L (P< 0.001),
RVO IZFVNT VEGF & IL-6 [CHERMEHEEZR D (P<0.05) 23, EOMDYA A A iz
HELRMEIIZRD 6N o7- (Spearman ENFBEE{RER), SDF-1 13BH & 2RI 4 M
ZFRDIZ RVOIZB W TOHREEZ R L, RVO DI EFTAERTFICB W THRLEIREE 2 - T
VB ETREMEDSRIR STz,

A. FEEM

WIEME b, ML A I R R B
(RV0) & O - MER M RBEOHE %
BAGICORDBDEERRETHY ., BeD
YA MIAVDREERTREINTVS, T
. MO mEHIR A R ORI TR
L. WEHREZRET DT/ LLT
stromal cell-derived factor 1(SDF-1)MH
EEHENTEY ., BRFEMEEEICOWVWTHR
E~DOBENHE EN TV D, AR TILRVO
BEMEAET O SDF-1 28 0y«
A EBIEL, RE~DOEEEZREL

7o

B. BIRAZX

RVO f84 20 Bl 20 R, SREEEDHERE LM (ERM)

BEIFIRERSRE L, WMFEFmRE
WS R R B E L., SDF-1. vascular

endothelial growth factor (VEGF)EE X

ELISA (R & D systems, Minneapolis, Minn) .
SHIEMES A R4 > ( Interleukin (IL)8,
18, 6, 10, 12p70 -
factor-o« (INF- o) ) B E X Cytometric

tumor necrosis

Bread Array(BD Biosciences Pharmingen,
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San Diego, CA) %\ THEIZE L7z, RVO &
BEILEHENLE DOFEND Active RVO
FE(A B4 BR) & Quiescent RVO EE(QEE; 16
BR) 2T, BEHERIERLT 21T - 72 (Mann
Whitney-U ¥, Spearman NENABEA{EED) .
(faERHE ~DELR)

BEMFEOERICE L CIERERER
Gif B B OERE G,

C. MIRER

SDF1 JEE X A # & Q F (278.9
61. 18pg/ml), A #£ & ERM #f(37. 32pg/ml)
THEZ (P < 0.01) 27BD708, Qs
ERM B TIIRD 62 d o7 (B 1), VEGE,
IL-8, IL-6 THRIHDOFEENZ D L,
VEGF, IL-8 TIL Q #& ERM HTHLHREZE
O (P< 0.001), TNF-o 7 Efhod
A MIA VB TIREEZEZRO 2o
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ERMBZRD I (P<0.05) MY A K
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#£1. RVOWZBIT BV A bAoA > DOMEES

FHEAMREL | P{E
SDF-1 vs VEGF 0. 40021 0. 0804
SDF-1 vs IL-12p70 | 0.22542 0. 3393
SDF-1 vs TNF-« -0. 17985 0. 448
SDF-1 vs IL-10 0.23123 0. 3266
SDF-1 vs IL-6 0. 32937 0. 1562
SDF-1 vs IL-1b -0. 2389 0.3104
SDF-1 vs IL-8 0. 39229 0. 0871
VEGF vs IL-6 0.47311 0.03561%*
VEGF vs IL-8 0.42121 0. 0644
IL-6 vs IL-8 0. 38647 0.0923
*:P<0.05  Spearman NE{HH BRI

D. ¥
VEGF, IL-6, 8 1ZMEFHEDCEHEIIEL ST
RVO IZBWTEMEE R LI=DIZK L, SDF-1

B B R M BT EZFRD T RV0 2B W T
DHEAEE R L=, VEGF IXIfEHAEER D
E0y, M FEEETTEMERIC &V MEEEE
WEEEZ L,it1k68i%r”;o:
RB9IZ VEGE FEAE 2 TLE S8, MBI

% LA kwf%r%ﬁm:@béaén
DEEHE—BLIEBRTHD LB DN,
SDF-1 X VEGF [E #F hypoxia inducible
factor(HIF) -1 12X VFEINDZ LK
BEENTWATZH, SOF-1 & F DY A
KA OMBEERERE LS, AERER
RO LN hoTz, ODEDDRRAE LT
P TSN DICE B R RN R
Lo TR H D05, —J5 T VEGF
& IL-6 IZBWTITE EREREZRD I, U
EXV, RVO ORBICEET DSV A S OA

v OHET, SDF-1 I E ST B R
BB B LT B RIREME DS RIR S vz,

E. &%
SDF-1 1% RVO (2B A MEFABFIZRB
THLEREEZ2H - T B RN H 5,

F. BEERER 2L
G. MIEHRE

1. FRXHEE 2L
2. BoRE 2L
H. MINEHEEOHE - 28K
1. 5t 2L
2. EATRETHE L
3. FO4h 2L
1. SEXR

1. Grant MB et al: Nat Med.
8:607-612, 2002.

2. Ceradini DJ et al: Nat Med.
10:858-64, 2004.

3. Brooks HL Jr et al: Arch Ophthalmol.
122: 1801-1807, 2004.

4. Butler JM et al: J Clin Invest. 115:
86-93, 2005.
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12. illEAREEEFREDS v MHEEREHHRICRIZTEZE

Al 2. M B, EBR®. FER E
(RAEK)

BIREE FF. BHFE, IBNOLEFRECHTHEEE LT, ZPETHHE PILEN
BHFERF(VEGEHUE (U X<7 ; Avastin®) DORSFAENE LS Th TS, ~23
VAR TIIEEEE RO ERTITEREES 2V EHE SN TWAR, BEICIE, ~8
VA 7iie MERMTEEE VEGF ([CFG L2V, SEFE#1E, BWEOH VEGF Hifk
BERUNAU AT 2 AVWT, VEGF il ORFEMEE, HICREsREiin (RGC) okt
TOHHBEERE L, TO/RE, 5 VEGE FUEH 513 in vitro, in vivo 1238V T RGC %5
O, BEEEOMIFEICEEREELEZRVENTENZ, ZThED, AV TD

RS E, RGCIZX L TEERIEE ThHF 1 REINTZ,

A. BIRER

TR, HEEIE, IRNMES LT 5
L LT, e MENEEGERF(VEGE)
TUEDHFHEERENTOIL, B THH L
DFENZE R INTND V2, HAETH
L VEGF (AU X< 7 ; Avastin®) DY
FHEARERITOATND, NNV
T EEE O ER TIEEEEE R 2 )
EHESNTV AN D9 EEIZIE, ~N Y
A= 7ide MERNTEEE VEGF IZRE
L7pn®, SEFR AL, BHREOH VEGF
AR LAY <=7 % FvT. VEGF
P 0> R R M T LR L I e R T AR
(RGO) Iz 2B E Mt L,

B. BIRAE

7 v b RGC % two-step immunopanning
ETHEEL ., VEGF(10ng/mL), < 33 X
+7(0.25mg/mL), $17 v + VEGF #ifk
(Ig&3)(1 1 g/mL), Control IgG)(1 x g/mL)%
BN LT 3 B IREE L, RGC Mladks sl

Lz X, "NV X=7 17 v b VEGF
Pk 1gG &7 v METREA L, Fluo gold
IZ & B retrolabelling {12 X v 1 #AE#%
RGC #ifagz st L7z, =70, BE5—H%
WCHEIE N T 7 0 B R AR L LB
TIRRFEE(LE Rt LT,
(B~ DELE)
B EERIT ARVO Statement [ZHEV VT - 7=,

C. MiIRER

¥#EZ v b RGCEFHRIL, 2> bo—/LEE
&g LT, VEGF(0.99+0.29)~/3y X<
7(1.0£0.23), $17 » ~ VEGF $Hik(0.98
+0.18). IgG AR#7TEE(0.980.19) & HE R
ErRonro=(™1),

X, in vivo ®EE T RGC Fii~nv X<
7(2613+230/mm2), $17 » b VEGF #ifk
(2600+140/mm?), 1gG ¥ FIAEAEL(2634
+240/mmIZ BT = > b o — /L EE(2656
+150/mm?) & HEERZEEZXRD LR -
7z (E2),
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The number of RGCs

gmo 2
808 é
2 %’,
5 0.6 %;
8 04 Z
éoz g
S 0.0k Z

o°$6 &

B 2 RGC g%

ETo. NI T 4 VHIRIC K RIS
av k=LA Ty b
VEGF ik, IgG - IREABETIIELE
Dot

D. EE
A 2 1E, AFRIZBWT, —RICEE
THEHINABEOSNASAY AT 2 H -,

XL VEGE iz BT BRI RER +4
BEZHAWTITo7z, > TAEOHIEDRE
REOOBERTHERINTND, "NV A<
T EREIC LS80 VEGF {EHIE in
vitro, in vivo IZBWT RGC =&, R
HBIEOMASEICH BREE LY 5 IRVEN,
TR ST,

E. &

L VEGF Hii&#& 513 in vitro, in vivo 1235
WT RGC 259 EEMEEOMISIEIZ TR
REBEBEZ IR, SNV AT TOMFE
P 503, RGCIZX L TRHRERIFETH D

S, RIBEX T,

F. BEGKESR L

G. BIERx

1. FCHEE L

2. EoRK

L. Al ¥ i UERT7AFUERED

AZ2e DFAIEMAR L AHIRRK X OWRMEIE
FAEMECRETEE. 1 102H
KIRELFESRR S, KR, 2006.

2. Al B L SEBROFRPERIED 3 »
A % OB IG5 R K OWRAES I £/ &
WOMEIIXHTE NI T LAY/ vy
DB, % 57 BB ABRIERFES,
4 i BT, 2006

H. MMM EEOEERE - 2%
1. RRri&E L
2. EAHREBREG 7L
3. FDO4h L
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13. Bevascizmab IR &5 IZ8E (1T 5 EE SE~ DT D ST

WA, fEEEE, EERE, BT, BOURE, LI, iR
(&R

HIREE Bevacizumab (ZMEWEEHEE It s MY 2850 MUETH D, &
UT, bevacizumab [FHEFERERFMEBELEE 2P OIERANIEEY 225, KUF%RIT
bevacizumab @ IR 51T 5 IR GIR~OBITHZFMO T2 L 2 B Lz, 1 T
~L L 7= bevacizumab % 25mg/ml B3 LT 2. mg/ml DEETT v hOFIBICAREB LU+
ER®EES L, &5 7 BZRICHEIRERREH CIRERNBTEEZFRI L L 2 A, AIRKE., H
FHRAFK G & b IZFER SIRIC S IRERATEE 2 7 0 72, Bevacizumab 1L RIRE KX UE K
N GICTHERERICL BT T DR BN H D L EX b,

A. HIEEM

I8 PN B2 B S IRF- (VEGR) I3t 4~ 2 LIk T
% bevacizumab O FIRFGIZBIT 5K G
IR~DBATHEZFHMET D Z &,

B. ®FRAE
BT 5 ~)L L7z bevacizumab
Genentech #£) % 25mg/ml B X N 2. Smg/ml
DPEFE T Brown Norway 7 v FOFIRIZERE
L7z, BEZRBITRIRE S B L OmFEN
BE5E LT, RIS TIZ LIRS 1H
(D& bul & 1 H 6 EAIROAIZARL., 7
A FER 5 Uiz, iFERNRE T30 7
—URHIT LIRS 72V 5pl % 1 EIZT AR
DTG LTz, TNENKGRBENE T
HRICHIRERE L U, IRERNERTFARSTEN
ZHEE L. BESEHEERICHT 2 5KFE
ZEH L (RERNBETEEETE) .,
bevacizumab BATHEDIE L LTz,
(fEE~DEE)
Friz7a L

(Avastin®,

C. IRF\TR

[#E3R] BRERNERGFRTEE O 52 M
IEMEICTT 5 B EEFRIL, RIRZRE =
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