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Action of lipoxygenase on vascular smooth
muscle cell activated by 4-hydroxynonenal

. 1,* 2
Ji Young Lee’ - Koon—Ja Lee
1Department of Ophthalmic Optics, Suseong College,
2Department of Optometry, Eulji University

Purpose

Retinal neovascularization (NV) is a vision threatening complication of ischemic retinopathy that develops in
various retinal disorders, including diabetic retinopathy. To better understand retinal neovascularization through
4-hydroxynonenal (HNE)-mediated oxidative stress resulted in a wide range of biological effects, we set out to
determine whether activation of lipoxygenase (LO) by HNE is mediated with reactive species in vascular smooth
muscle cells (VSMC).

Methods

The A10 cells, rat aortic smooth muscle cell line, were incubated with DMEM (0.5% FBS) containing HNE
after preincubated for 30 min with various inhibitors. Data were analyzed by Flow cytometry and Western blot.

Results

HNE (high level, 30 M) induces reactive oxygene species (ROS) and nitric oxide (NO) formation and
alteration of mitochondrial membrane potential (6 ¥ m), ultimately leading to VSMC apoptosis. Pretreatment
with (LO) inhibitors prevented HNE-induced ROS generation. A AA861(5-LO inhibitor) also blocked loss of &
¥m indicating that LO is closely involved in mitochondria-derived ROS production, thereby leading to
apoptosis. At 1 M HNE (Low level), 5-LO gene expression was increased and NO donor, SNAP up-regulated
the 5-LO.

Conclusions

These findings suggest that LO mediates HNE-induced VSMC apoptosis by triggering mitochondrial
dysfunction and activation by NO excessive generation leading to the deterioration of vasculature homeostasis
and subsequent vascular dysfunction including retinal NV.

Key words: 4-Hydroxynonenal, 5-lipoxygenase, VSMC, Nitric oxide

*Presenter : Ji Young Lee, +82-53-749-7267, jylee @sc.ac.kr
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R R L EEEC T = 5

B/ r}m
1
m{n
Jg
o
i

g
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AIBN(2,2'-azobisisobutyronitrile)2 nHIsto] E=of Wil @23 uha] o g2 231319t 52 QF o
9] £3A AE = 5ty 2l HPMC(hydroxypropyl methylcellulose)E AF8-5} St} ¢l F+5-2 vl gHH]E(lyso-
zyme, albumin, sodium chloride, potassium chloride, calcium chloride)o]] @2} pH 5.80, 6.45, 7.20, 8.03 0.2 A|
25}9ie). WA G 3G AR} o Eo] AR AA 7t AZPER BB pHo| w2 W EHE 45
£ 274350 £4stan

2t

AzE stolmgd ZEEDRo|A ATEE pH(5.80~8.03)7F Z7}a4E FH48O 41.89+0.74,
43.63%0.86, 46.40+0.59, 47.1240.33% 0.2 27}t %t} o1 T%=5 pH7} A4 (pH 5.80)=th & 7] 4] (pH 8.03)
o A 7FA1 34 (5.95%), UV-A(5.91%) 18] 3L UV-B(6.64%)2] FET}&o] 271614t da 1247 5
¢k, FE2 6417 58 Al F o] BE pHOl A &8 WEEH U &Y pHE 2 H|w s ¥ A (pH
58002 Ao oFE o] & uFETFO 12.7540.05 mg O & LFEFEI ¢ 7] A (pH 8.03)2 7S 6.3540.08 mg O &
oF 2.014) #FAskGlr.
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A TelZ 2SS orobn 1 Shgleh
24

QrATH % o]¢} TAM B EGoluf W7o A Aol G, B AT ARo] T B
22.4342.07419] 1038 (FA1637, o] H40)S Ao 2 st 242 712 WA (Group )9 OU 2
ABOE 7hJ3}31 2712 715 4 $1(Group 2). #JA}$](Group 3)°li= OU 24BI 749)& 7Felsfe] 7he] 4
T 158, 123308 O AFIEE SH5te] 1 HSES 24T

A

AA A & 7Fe] AT, 155 3, 28] 31 305 0] 7F A Fol| A Ao w2 18 2eEHS
O] Rl F42 Table 13 Zof. ®E 52 AlIZE Aol whet 22| A8Fo] S7tete AFE i
W, 25450 Arof wE Wi (0~14), REg(1.5-254), #5(3~44) 02 FRet A3, ZEF 7hY
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Hoto w2 FA A 2] MekE vl a E 45k
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off oot QALY A{HTt HI

1 2 = 232 1 1 1 1 X 1
A28 Zo}%}%] g3 ET - R84 - B34 7}1]?_ : %]5]% - &34
Fedstagste dAPsE, aashstn dRYsy
L=l
=X

QFGLA] O 4L BABE o5 F 9A19] BAFo] v &0 A A vhehibi] o] 5] waloh AL
ol Fadol AX ok o AIHA FolA ZelE E2 ¥ (Prism dissociation)& & 12t
(von-Greafe)of| 2]t A = 7] (Sheard Criterion) * %7k © 2 3} 31, H3Z E 2] ¥ (Polaroid lens test)2 =
Bl E (Pola test)ol] €] g MKH g3 A WgEo 2 aho] vl w 24 shgich, 2 ol = g abe] gl o
§h2 2ol 7k vl of WA o WHE /L $-2%) v @ 2459,

Kk

ot A o 72 AFto| Q= QALY 51 (E 305, of 21H)S i S 2 51 a1, A A 2 0] 0.8~0.9 o] AFo]
o, Hbols 27.76+£8.65A4] o]t} ALY 511 Q] von-Greafedt e Ho-& 4.41+£3.60A 0] 11, Sheard
Criterion# B 4F 9] H & 1.96:1.80A 2 UEIGTH AA A O 72 m HARFo| A 2714 WH o Z2 A FH 9
9] Hubghe] T2l ES AEA7 F SRS vl @ At

=k

Q1 AFS] 51%S AB,C 3groupC. 2 U}i-0] Hokth Agroup Sheard Criterion 7] 22t} MKHO| A &=
AHpgho] ™ 2 3 24 o] 1, Bgroup2 2 A= ) X gk Sheard Criteriono]] A= & ®}gko] I Q32 ¢
3, MKHo| A9t A HHgko] & Q 1 209 o]t} upx] 2t CgroupS Sheard Criterion®} MKH X% A ®}7lo] &
2 9= 7ol 71 3 Group A, BIHS ] 3t A3} Group A2 A E7|Z& A HHghe] B 7S 1.96+1.80A 0]
I, MKH 7]&%Ee] B2 1.69+1.15A 2 Ve Th Group BY M =712 Aukzhe] H4-2 0.00A0]3L
MKH7| & %F9] -2 0.80+0.34A 2 e yt).
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B Aol A AFS 5179 9] &A}5 9] Sheard Criteriono]] 2] 7F ] AR AW gEy} MKHOY 2] 7 9] AF9] A

HHEe] Apol = AR BA A 02§95t Zol= G (P=0.311). TFE = ZA}o]| A= Prism dissocia-
tiono| 41%, Polaroid lens test”} 59% = Polaroid lens test®] T2 %= 7} 18% ] =74 el T

Z=H|0]{: Prism dissociation, Polaroid lens test, von-Greafe, Pola test, Sheard Criterion, MKH %
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oIy ROl MAO| M2 L1%0] AATNEAY ALO|

29d’ - 3/ - walg - Pxa
Mepstrlavsta o eta)

604 ©149] v Fo] Al mHS 9o AMAFNEE AT uf A7 2 A o] 0]
& obn A shgie

60A| (38wt 71.0£6.3A]) o] 2] S0Y(H17, %I33%)E td o= A=A S 050122 WA
S 2R, Bk 24 gl o] 2R =5 A= IR AEA] 7] 4L, 1,000 lux 2] Rofl A A A
Ha7tEAHLE 243 T logMARA| 8 0 2 H3kslo] A3 th

=k

O

© ZF7) 0.052+0.07,

OF Lo AoF

o7 Z+zF 0.075+0.08,
g =

TR Hale A 9 o] 2R Bl AFR A] W 20] ofol 2 ATMEA|
0.0600.07 & 0.070+0.07 <= ©. 2 LFERE O 1], 0] 5 LogMARA| & 749 Xfo]= &
Uebidoh Sl AP AR RAA, Bebe Al ado] I
0.079+0.08, 0.083+0.08 ©. & L}EbtT). 9] oku} v $-9JQko] 4 tEA] Y & W= ARG A= 7h7E
0.070£0.08 2 H]$-9]0F 0.081£0.090. 2 LrEFF o], Hake bl @l =o] o zhzh 0.073£0.08 L
0.085+0.090. % U}EbtT, 1@ o] 2 @l = ARG Alofl &= 7k2} 0.080+0.08 2 0.095+0.09% LhebLE 18] o]
38 A2 g A 47 HEA o] 4 AstES o 5 At A= Mol whE Tk W okl

$-910k B u] 2:919ke] 918 F 27bE A 2 o] WSk F 2B A o] wshuh 27 tebgte,
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B

£ ATAT 1000 lux©] 2% 5toll 4 604 o] 4He] AA ] HaTbEA e 7} Wz e] Aabo] whet Aol
Sl A0 e on], 2 AR 7S A2 o] Aol Hel A2l of Afo| ek AA| et o g
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ol 7k SWA 44 A e o Bl F7bsta I LA A Ro] Mate A A4 E] £ A4S ol
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1. ABLHHC| BF

(1) Alcon : SN6OWF
(2) Bausch lomb : Envista

Contrast Sensitivity 7} ¥ o} L} 322, Centero]| 4] edge7} A o Y 8t powerE 7 %] 3}, Bt} § L2 visual

- 61 -



quality S A] 33}, Optic3E ¥ 0] v 74 o] Fojut uh2be] i qg4o] S7hel el o] ch.

(3) Bausch lomb : Akreos
L8mmE A1¢) /e B4 AE BEI 30 A A FRR Qb W AL A] §17] o] o] gl w
GTA O S BHS BTk T, F4Ah Tl o2 A2 o] Ao| A shn] 60° -k w4
WA A Aoz pa S WA 4 Qle o] AjdhS whot @5l 7|7 Fojh Al ¥ e F AR

2. ABAFHNY

ZE

o2 /3 A2 WSk S0TH/60e)/70t) o] A Th-8 7} 2ok,

50CH
_¢_ng 0.3 0.6 0.2 0.02 0.06 0.3 0.4 0.06 0.02 0.2 0.02 0.2
.J,\.g_e,r_ 0.9 0.8 1 0.4 0.9 1 0.8 1 0.4 0.7 0.6 1
60CH
.¢_-Qﬁ 0.2 0.3 0.7 0.2 0.2 0.9 0.6
-1‘:3:6,: 0.4 0.8 | 1 1 1 1
70CH
ﬁ,‘:gﬁl 0.1 0.6 0.6 1 0.15 0.2 0.9 0.3 0.3
-J,\-&_!,i 0.6 0.9 0.8 1 0.3 0.5 1 0.6 0.6

& Al 50t 7F 60T Ko} Al 2 AF5 0] Z31 60T) 7} 70T ook Al FANSEo] E Ao R HofZtt 50t
ol A 60T ZH7FR] = o} 2 ol o] Z AN} 9L, 60T THF o] T 2= 018 52| 9FobA] OJAF AP A] w2k
E g QojAloe g WXz oro} ArE o] Lrolx ot A ZHE o)

FHof: WA, g A, Al

S X} - BHH, +82-62-520-2365, hjpark @dkc.ac.kr

- 62 -



Jo
2
)
|.|-
N
=l
N,
gt
o
k
AN

2
b R |

A=H-EA} F P REo] HEEt A= g At w2 IS AXsHA] Fobd apg-s Ay B
Az e HPE ZE I ek A AT A= 2go] ehe] Yt st oW YL FEX|
A

A & : LogMar Chart, AR, ZHEH =
o 20Th o 20

]
Lalz22tg A A2 AR 2HE 7] 23t
2. W2 6X17h, 12403 AT F A 23 ARG 24 F 7| 23kt
3. W22 6417, 12403F A3} ke v L, BA stk

At

LogMar Chart
L= 2 H, 56, 12470 220 AEE g AT BAEE A5
T 0.04 HE 74T, 9012 0.01 HE WstE B

2. 2k AT 12417 F 292 Wt 0.18 H &= 74513
3. 28 E AXE 12417 o4} gk T b 210} 3

- 63 -



25-0.20, C-0.175 A

<k

7hh L,

=
Q)

3 S-0.30, C-0.075 A =

,_lywﬂ

w

%o

_zr\

a4

<

=

!

|

—_

o

alo

I~

n_A.o

)

~

<

o

1,

oo

TE

~

=)

gl

ol

&

=y

W

_—OT
o alo my
‘m.M _1&- B3
& 2 o
— N
X ~a EE
S O BT
o pp B
W Xl
R
B | oF
P @ ool
M MRS

<

oA 64

AER

Ay} 2uf

=

B
i

g2l
B
o
o
L]t

=
._OT

3. B AIZH12A]

oju

ZCEEPAR: ANES

171 4 A

3

5. RS ALR

: ST, +82-62-520-2365, hjpark @dkc.ackr

I\,

H

- 64 -



. o- =4
e

. ApAIE

. o] 58}

2

Nk

el

sheict

[e)

=

138 7|2

=

=

o
3. AR

sh it

=
=

st 7]

|= Egre g o 4

=
;o—l

ol ==

1t

&

T

1}

22 Wit 10.1mmo] 3L 1] H AR} A

—_—

Bo \ao

1992 o] 308 AJ&A}= 2.5mm, 1A 7F A}

HALE S

A

/1

i

L]

p—

o)
'’

il ]
o}

o
E
el

o B

- 65 -

: 01T, +82-62-520-2365, hjpark @dkc.ackr

S EXL



AHIRIO| OO QYO O W2 ALQOl BA
—AH|AF QY5 WEO| ME OpE M

2
=1

A Abe) WA 9 A7) AR SO o) 2ulAre] Aol & GelA grvlel Be A Ue] A &
Qo] HEE npAE S B Qe 2u 2] A A o S A AEe] HojA] ee st gk,
Bl 744 gelo) mAY e A5 A A WO AAR Ao 3t Boof o 2ek aA o] ATE
AWSHA H g om A% chpshA sk,
g

o) AR NAS AU AR OT AN HEE], A R A AR, AYE o fF 2
A apE o R AEstint 24 g2 Au 7o) sk o] thUA B nhAIY o) WL AN A
otk HFAIY QLA 10719] HE 2 2004, AIZE FHEAL A9 9001, Qb wetut AjSHA % Wy
40015, NFQ 2001 & hAFO 2 ST, T, BAA SEAE A stk

YA A SHA 7 1507, o4 187 22 F 337 ol Al &3 A

Table 1. CHAX}| HHEE

sHA T Ayod 10tholak | 2000 | 30th | 40t] | 50th | 60tH o] A
1§54 2839 F o S SENECEREC NN B
A 256 ZF - 159 | 319 | 109 - -
23 suA Fosam | IBRE | 159|289 [ 259 | 29 | 16W | 109
o 2113174 5 1473 479 | 289 | 259 | 1249 59

- 66 -



N
re
X
o
0
A
I
N

M4
PR crgad

- N n sorh B
10TH O 20Cf © 30T 0C] oC ®eoCH O] A
B omj 08f 200 "soCf Msorf ¥ soc ®soch OfA t oI5t f ff = orh = sorH Hole

g 9
6 5 5 .54
3 43 1 : : 1 1 2
1 | - .
=0k 20| ol ELE ~3140{| 8
BRI HHOITH 1 sdol g et pEclerA ohEo e e s
Fig. 1. QtZ & WEF7|
- o o
3. A YUE Al MEH AR
"onte Hel  RQIE=H ChSH R E olte el X|QIEM ChREsE 7| =
Soyo|atn Wolgz "7 .
—|' Hgl S = “ |0'| | I' .%LH9|‘§1 .0|_|E‘HE|0‘1 I7|EI_
SNS 3% i
SNS
2% o xt 05 4% 3% X}
19%

10CH O| 5 20CH 30CH 40LCY 50CH 60CH O] &+

- 67 -



b
o]
"
! 4r
i - .
| =K 2 _ "
B! Wo ,\Alﬂ i Hi w | 5K @__ o0 & < 0|
W_Wﬂ.ﬂ%mﬁ A g %
| BT o7 K o i ) o - "
in |W R IN | o | He K B o il R op op
S |< | k|| K 2o G 6y B o= gy K o
o | <X |'= — | X BT ol K = K on
& |y T R |5 i %0 o m_u P
L e LnEH LW 0y LM
| [ 3 ~ U OF < &
[ ] [ ] ol v g A
s P o op o
n ha o /OOF — P
Bl = N B* T e
ofF - NS = o ol ®l
AI I[e} N o _.A. o Eﬂ 0 _-
oK Bc + 20 Mo K
ok 0 B , RO
EA © 2 _\
— H ( -~
oo al & Y g uid
H of o =z = E 4 mw_ B8 &
< { oo
o X = VIR A
@ ¥ = 0N ,_ 5 W &
S| . xR
o. o = X
o oY —|% OH 5l
B TR | B2 70 R of o = B
RO Ite) | o7 | \n i} K o - Rh -
ol 1,._HLﬂv%LlVd.|/ = oh o 4r LS mzﬂokzl,m_.
° M_M%Q_7M%A K ol K 77 % g 5 oo
o SERCNE ¢ EE s N ®a ~ R
= o0 TU%E g wF ,,
< 2 OF <miof o= :
o] BIXBlol .
- H = o RUF0 <} HooW o Hﬁ w
[} fl H_I hox._I ~ =) _ﬂ_; & c
M.u m.u 70 .- & R 5= G
=3 L g it
- ! H o & W mﬁ
- ol i ok
S &M RT mﬁ 5
I~ N EEAERER E
N2 ,M_ LT T T T M W
o) < i of oy
© oF AR
o

- 68 -

Fig. 6.




FAhl Fig. 73} 2e}.

)

A A" A Al Al

6Ma &)

ol
ok .
wl 4o

@ nueew

&I

o -
TEAInS

B
= Ko

pAs
2

2 A
o,
7]

% M

m oF o
®) =0

QAR DYNRO|

170k A2

=AM

Lot e|

53

foll
ol

:I

-

OIS R 42

o1zl

Fig. 7. ZA0|| 2

}, +82-62-520-2365, hjpark @dkc.ackr

- 69 -






o
ol
ol

C )

oJ

C

bl

ar
JUJ

oF)
iio}
ol

)
0
Kr

- Ok
< ol _
° oF
ok
o KT
i
=
30
all [ ] M
X0 Rr nd| w
) fal =
~ of =
> g oF
Py .. =) ol
O = = rJ
30
o8 Ko X6 B0
ol B X
< Bl
or
= ~J =
o . n
oy _
| W ~ ~
i0J
al T
[ 80 ol [l =
s o ~ 0
ol )
N X0 %0

LICH

s

ANE HEE

)
ol

10| & DA

=

o

=]

st

tO4

ol
K0
</

S
K0
]
ol
0

-

ol

o)

tXl DA AIR)

0

e

=

* B3 HP(MEX

A

il

nE
iy

ol
ol

=
Gl
<10
0H
o}

T
[m)

z
KO
ol
fior

ur

10}
ol

F= Q% 8H3])

h

k<]

3l

il

el
100,000

: T 356-0892-8064-83, ol FF: FFTH(

¥ AlFHE

It

o
[uind

2|

30,000

2|

o
[uind




2016

SEQOUL

TOTAL EYEWEAR

PROJECT

2016. 2. 3-2. 4

THE SEOUL EXHIBITION FOR OPTICIAN & EYEWEAR INDUSTRY

THE 3RD EXHIBITION
2016 M2 EE 0l0|Yg 0] ZaxE

HMAIYE 2016\ 28 32U($) - 42(S) | AlZF 09:30 - 18:00 | EA SETEC MIHAIE MEA| 2T HESSEIZ 3102, CHX| S 51481X]
HACHY =LH2| 300047} OFO|Hi0] BRHE | E2KIZH CHEtRI= QHAAL [ QHARIA| SALKE | & GLASSSTORY
Head Office CIHZYA| Bl B E 194-23 | 1899-15641 | E-mail admin@iglassstory.com



lt\

A

=
“t

CHA| R B Al €]

Davich Optical Chain

—

A

CH| X FE A 21
28 AREH107] 2 83l 107]~127] =&

CHIIX| Z2f 18 [ (HCHIX] SE0E2| o7 tH|0] JoflAl= o skt
S EYYE o= CHIX| o Al SAf| 2HEE 23610 T2l 2d &
rEL LT 7[045k ZHRIE Mo = SHE U= - S5k USLICL

www.davich.com

=

250 20164 ARt
Zb 20154 12 12 ~ 2015 128 262
20155 12 202! (27 A| BE24] AT ZIAR Oift|ZIAL -7 = CHIXIEER|R) 0iE 25 Al 3=
DA S ORI} X QA @A SEM ), ZERHXIR Tts -5 [AE]24202r  [S] 23502
WIIZH ARZH107] 1 20164 12 42 ~ 20161 42 202 o | % 5URI 22 ME ks (5 5UR) B2t Al 28 2,050
i 107] : 201644 18 42 ~ 201614 38 42 T —AiEE 71 Y ERK 1S 2ET A 102) / THISIRHE 12) &

= =

23 117 : 20164 12 182 ~ 20165 38 182 TS %

7 — HZAX} =7} ghAd
23 127] : 20164 28 2021 ~ 20164 42 202! - oigel 8% maxt FobEd

(A7 [2UA= SIALARS] 2} S 4 YUALICH — CHIX| 14 0|4 22 Al EEZ HEEZ27|EY 718)

St2Al A ZARH UL AZ|S ZAL AXSE E8| ZHEAS,
CSAH|A, AYHE|, OAIE, ERP, SiEwS, HjTS
(FREI= Ty 7sAd2il= EHl)

= (=]
ARNS

=
BE 9 A 29| (me 9.00~18:00)

TEL - 070.7428.6637~8 FAX-02.752.6176 E-mail - academyfddavich.com

‘Ch|xiotz e ‘MIAS ST S| HIFECH = & a2z AQlsl o277k ot Yi| Cf BISCHs ojoj2 “Chela[ Lok



INVAG =2l s

iTheVision Care Institute
RS = 1 10| E=

The Vision Care Institute ®

MEH BHA 20155 W< IS 8t THE JIX1 HAEE ASEHOE CHEH= Ij7| X 2/2/L|Ct,
o5 A5 +YC 2 MYE|H, HR0| HES + A= & AUs ZKCOZ FH|E0] YL

2015 &412jo| 1 OJ2ff |&+Z{0l
TVCl 115 AIE]

TVCI S| AP
= The Vision Care Institute®2] M8 SX2 SAIX0l 1SS E510] 2H[AQ| DEEE 2|45} 57| 2IEH0|Ct,

222 MBS TP AIEE X1717| fit 2t ESS BN BAU0| LHF0 XEHR wKe| o= M HFHI HES sh= 200
TVCI= A1 BE715a12] X2l A e ¥ X 122)10 X2 UL M50l Xl Aejsh= 289 HOICt

< Y8 w2 7|2, UK WK X3
- H2Y YT AP | LTS 5 BAKO| 2511 A B2 QFA MYHS0IA LILO0| YHSH= 8 - (70| A4S HOt M2 MY S2| 0K B

< HE ZALI0| BX|= 7 HF usaty
- FEH R (7|7} 2B Mol 32| Zoto] W FL 4 TS} 4 S0 ZARI0| ZSE YUY 1] Z2IUS I KJ3tD USUICL

< A=H A, AA T 710]
- MR XA BRY RO HORN Y LHO 7|05Hs AL HeS SBINA SHLCL.

TVCI ZARR

24 Tl E= 0| X0 (Lauren)
« ESUMCES HIFEH St ISRE « ESEUNCES H|FHA|0 TVC RSME] ZHF
« B E2CHE 3 THUCHEID PR SR ﬁ « 0|3 MSHiL0EE 0.0,

= FIACLE « NSU FOtoInrEal S

/ & % g2 (Eunice) 58 0| 22 (Chris)
’ « ELUEES HIFA TVC! ZSHE A « ELUMEES HITA 0 TVC RFME ZAF
* BOplomTPA, FEUE « BOplomTRA, 25
S *FIACLE * FIACLE
0] 213 doe fE2
» ECHEDES HIHAN TVC! 20 ORAE 204 » EEMEES HITHAH0 TVC! Al DRAE 24 » EEMEES W 0 TVO! F2F OpAE ZA
« i ZIEHCH S Y * il AR SRS @) e « B YU LAY HE
« HEAL « B BEIEIELL 2eae * IACLE

* FIACLE « FIACLE
== 2o
- ZEHEEE WA TVCI HE 52 24 < EEUNSES HEH | TVC 22 DIAE] 24}
- il MEZ W HIE] < il RS o as
« ACLE < F HEDRAE SR Es
« FIRCLE

wim, THE VISION CARE
INSTLTUTE'
!‘qﬁ\ frobmscnlchuon vniom cast commames




¢ U=oRg e 11

e T i

—_— — ~— ~— ~—

—_ e - a a

o~~~ o~ —~

_

==
[]

—_

TA
=
=z

T T
|_./|L |_ﬁ||_ __Oﬁ
HOHT
o

—_— — ~— ~— —

=) o0

NI RO

DON R&D Center)

—_— — — — T —

& ERKFY] S et 22

20154 128 3¢
2015 128 5¢

M

ol
—

K4
0 of

od ol
160 KI
il &5l

3|(KO0S)

25521 Z¥E ZEA| ZXZ 357

. (033) 610—0155

TEL

http://www _koos. or kr

Homepage :



01

015

0.2

03

04

0.5

** uae-ouuom,m

BHAMEZIMBAIAIRE e

DR.HAHN'S VISION TEST CHART FOR 3M E"*'lxl-rda 115647}

The Korean Ophthalmlc Optics Society






