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SEot HHAE AO|EFIRIS HEE LOtE DAt SHULCE
CHAIDE BfH: S QIOMER SR 0f M2t 47202 25 HMURT 172 Zeh & 708 o2 M4 Interleukin (IL)—6, 8, 10, 13,
Monocyte chemoattractant protein—1 (MCP—1), Vascular endothelial growth factor (\/EGF)QI = 2 8RO M E =HGIC
4ot IL-6, 8, 10, MCP-1, VEGFE= YYUHE Zdo| et Sotote 22 EHFUCE IL-132 Y YE S SIXtof A =012
AsrS HYX|OE 205t XH0|= Lt %Ftﬂ$7ﬂ\9f IL-6, MCP-1, VEGFQ| 5= Yo HHEUAE HHZ=ULC
AE: G BXte| ML AO[ETIRIZ ESH QXL IL-10, 138 &6t FA& A0 Hlol S7t6IR2H IL-138 Hlet &
QIXIEO0| =UUHZO| TIHE0| wat S7tstACH, SeeitEEn S0 IL-6, MCP-1, VEGF 50| 29| & AE ECH
(CHetetutsts|X| 2013;54(4):618—626)
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AER S 5 ol WAkl Aol o= T FHHEES A &ske o oA FAY wbE
wL Aglolet! gertubyzo] xa)7t msloe] Vascular Al (Bevacizumab) F¢1& Hrhe fE|A70W E¢A|
endothelial growth factor (VEGF)= 743} 2 &&=l 24 L2 zoldo] o mIFAQl Hoja o 4= gkt
ol FeAgelatolct. Bue] THEThYTt Bl Qe ol 12 0] Gl el s BT cfeli Kol
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Fa% oge s He Ao e Interleukin - H Fojehs FE Rolzoh MY st a2 d
(IL) 9 Monocyte chemoattractant protein—1 (MCP—1) E9] gtk A Gipua =0 iAo 2 3 AL}
5o toFg 434 AfolEZIl 9 AmslelEe] BRlol  mon| 7k e Puguhy S48 qyo sl o
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raphy 3; Carl Zeiss Ophthalmic Systems Inc, Dublin,
Ireland)& 3FHeH HARSO] A= e} B THE-E9-S
fast macular scan mode= SHHIHE THHARS: A2 & reti—
nal thickness analysis® 0.5 mm radiusz=
W A2 Zgshlch

FuguEe F5E T2 242 3] $tel, o
g BAE GRS Aol wet dixdts 236t
B 5] AFe 2 el 198 Biert ¢
Z 34 109 109, 23 7h(mild) ¥]3-A g et
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RItat ML AFOIEFI! -

oA et W oz Algskglet. ZzukelAQl (proparacaine,
Alcaine®, Alcon) 2@ gty T 5% ZH|E Qor}ql
(povidone iodine) 02 &+ THE AE3} 5 =7= 229}
A 24 a5t 258 7S wAE ARl
71931 w¥EAIZETH0.05 ml/1.25 mg) 30 Gauge HF=©]

1 ml FA712 o g5te] Zba} Siol4) 3.0 mm(F4:

.

5 Fot] AR AT A FEAW 5
Y& Al Al 0.1 ml ARHAAE FAlo Aldskelct A
T T RS FEHIE Blasty] flske] <tz
714 A gko] l= 107, 10Q+2] Wi} Shatol A it 4=
& A% Aol AYHAE Foo] 005 mle] HYSE A9
t}. ¥4 AA= milliplex human cytokine panel 1—6
plex kit (xMAP; Luminex Corp. Austin, TX, USA)E o]
83}e] HEAQl ELISA Wilnh 53 ABAS RolFi
Luminex multiplex bead assay2 A3}k
B AxBA] ANPEEE Fastel AW
ow IL-6, IL-8, IL-10, IL-13, MCP—1, VEGF& =3}
3 6709) el QNS AT A RS 545}
A i BE e WS Arke F AL Agolq A
il FE-L suspension array systemo] 23] 18]k
7} A QIR EFAE A 234 reference cyto—
kine concentrations®] 2l wr=oj&ch o] At =

1.0-10,000 pg/mi%ich.
2} Aol et 2aks Batdh
A(25-75HAE)E YERITH

9] v|wEAL independent r—test=® FHASI I, th1H

7F B4 93) Kruskal—Wallis test& AlYs}Hch &= 1
S7H) vlu HAS 98l Wilcoxon rank sum test& ARE-
3} P R T PO e R B

A AAS Q)8 Spearman’s correlation testE o]-83}
. EAEANL SPSS 17.0 software (SPSS Inc.
Chicago, IL, USA)& AR&-3I¥Tt p—valueZ} 0.05 o]gk<l
AS SAHCE Fogt o= 1hEsiinh
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6rg ol At HAFEAL 5 5278 (87%) 0] EeF o] 3l
on 91(15%) 9] sijo| A LA EZ Helo] Qlglt). tj
TolME 22 TH(70%), 17(10%)ollA s o)
et Tt ko] AR at Adule] fofgh Apol=
AH(p=0.128, p=0.291). 67§42 T&7|7t Eof gu
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Interleukin—6

oA d ot (1) ol A AF e Ag4=2] Hd(F
7 2 ARRQIZHS 17 2.08 pg/ml (2.05 pg/ml,
0.22-3.75 pg/ml), 24 10.73 pg/ml (10.45 pg/ml,
8.67—14.32 pg/ml), 3+ 81.03 pg/ml (51.26 pg/ml,
34.13—-109.16 pg/ml), 4=t 155.31 pg/ml (120.34 pg/ml,
73.93—-231.37 pg/ml), 5% 85.27 pg/ml (46.21 pg/ml,
21.49—87.53 pg/ml) Yth(Fig. 1). Skr}Lo)| A Q] AHt=9]
[L-6= T7t §le di2dEe SAXCE {8t =

600.00 |

400.00

Interleukin-6

200.00 | A

0.00 = T T T T
1 2 3 4 5
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Figure 1. Aqueous levels of IL-6 in each of the five groups.
The levels of IL-6 are significantly higher in all the other
groups than in group 10). Compared with levels of IL-6 in
group 2 and 3, each level of IL-6 in group 3 (A) and 4 (B) is
significantly elevated. No statistically significant differences
in IL-6 levels were found between group 4 and 5.

4eH(p=0.005) (Table 1). 1Kot 230 A SAH oz
T 2 FAE YERH O (p=0.043). L}tA] o]
A= 13kl vlste] & 25 EATh(IdE vs. 3,
p=0.001; 1% vs. 4, p<0.001; 1 vs. 5t p<0.001).
3 HSA G g Foll Al F 7t AR 3wtellAl o] At
7} 23ETE SAA R FO5HA =UTH(p=0.006). 12
Al rub = (3 o} go| A2 7S 31X
et (Ao w2 SAE HAT
(p=0.042). HO|AAEE AlsIA| o2 SA| Gty
4o vlg| glo|AABE AlYetHE Sl A A7)
olRl AFS mgloy BARHOR JoJaixs oottt
(p=0.577) (Fig. 1).
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Interleukin—8

Ay 29 HF4e 14 6.14 pg/ml (5.36 pg/ml,
4.26—8.58 pg/ml), 25+ 9.23 pg/ml (8.34 pg/ml, 5.42
pg/ml—12.31 pg/ml), 37 23.76 pg/ml (26.15 pg/ml,
16.06—29.22 pg/ml), 4%+ 37.50 pg/ml (39.87 pg/ml,
34.12—44.87 pg/ml), 5+ 31.62 pg/ml (27.72 pg/ml,
13.29-42.31 pg/ml) Ack(Fig. 2). sbLolAle] 1L—89]
e 2B SAXHCRE {25 E9ktH(p=0.001)
(Table 1). tj2t(131) 3 229] 28k Apo]= Holx] oF
UTHp=0.103). Y] 3, 4, 5323} 1% Atolofl= FAIH
oz Go3t zpo](1+ vs. 3, p=0.003; 1+ vs. 4L,
p=0.012; 12 vs. 5, p=0.001)S EFAW, &+ Ho] &
I3t zo]E HolA = okkth(24 vs. 3, p=0.113; 37
vs. 43, p=0.505). glo]A A RE W E(5:) oA A=
£ 7] ok (4ot F-o51A Wolxl A& K
o]FtH(p=0.042) (Fig. 2).

Interleukin—10

et E i RtollA A FHS Ao B (FE
gl ARROIZH S 13 0.43 pg/ml (0.28 pg/ml, 0.04—0.77
pg/ml), 2 0.85 pg/ml (0.57 pg/ml, 0.47—1.34 pg/ml),
34t 1.24 pg/ml (0.67 pg/ml, 0.43—1.95 pg/ml), 45+ 1.67
pg/ml (1.68 pg/ml, 0.19—2.45 pg/ml), 5+ 1.35 pg/ml
(1.27 pg/ml, 0.55—1.97 pg/ml) S cH(Fig. 3). Tk}l Al
O A9l IL-102 Fie7t Qe 2ati SAX =

Table 1. Mean aqueous levels (Mean + Standard deviation, pg/ml) of inflammatory cytokines, chemokine and VEGF in diabetic

and nondiabetic subjects

IL-6 IL-8 IL-10 IL-13 MCP-1 VEGF
Nondiabetic (10 eyes) 2.083 + 1.67 6.14 +£0.78 043 £0.15 0.78 £0.10 723.25 + 46.24  21.91 + 2.98
Diabetic (60 eyes) 93.23 + 110.44  28.90 + 2.41 1.35 £ 0.14 0.93 +£0.04 1878.46 + 91.56  46.50 + 5.94
p-value 0.005 0.001 0.035 0.775 <0.001 0.034
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Figure 2. Aqueous levels of IL-8 in each of the five groups.
The levels of IL-8 are significantly higher in group 3, 4, 5 than
in group 1("). There are no statistically significant differences
between group 1 and group 2. The levels of IL-8 are sig-
nificantly lower in group 5 than in group 4 (A).

Interleukin-10
»
8

1.00 -

0.00 T T T T T
1 2 3 4 5

Group

Figure 3. Aqueous levels of IL-10 in each of the five groups.
The levels of IL-10 in group 4 and 5 are significantly higher
than in group 1(°). No statistically significant differences in
IL-10 levels are found among the five groups.

Sol51 A =9tH(p=0.035) (Table 1). thxFut 23, o
293 39 Aol HolA| YSIANH(ZEZE p=0.593;
p=0.051), A FeguryFo] dAZ S0k (42, 5
DAE FsHAl S7HE FAE BolFEdck(Zzt
p=0.044; p=0.043). cjFgA} Ato]of 7o) FAA A A}
ol Holz| QUQFrH 2 vs. 3, p=0.154; 33 vs. 4,
p=0.614; 43 vs. 5, p=0.234) (Fig. 3).

Interleukin—13
gAIEAE 9 gi2gtoA] AFHTE Ao HH(SHk
2 AJEZHLS 13 0.78 pg/ml (0.87 pg/ml, 0.46—0.96

pg/ml), 2 0.85 pg/ml (0.92 pg/ml, 0.78—1.03 pg/ml),

nww . ophthalmology.org
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Figure 4. Aqueous concentrations of IL-13 in each of the five
groups. No statistically significant differences in IL-13 levels
are found among the five groups.

4000.00 |

3000.00 -

2000.00

Monocyte chemoattractant protein-1

1000.00 |

0.00 . . .
1 2 3 4 5
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Figure 5. Aqueous concentrations of MCP-1 in each of the
five groups. The levels of MCP-1 are significantly higher in
group 3, 4, 5 than in group 1(*). No statistically differences are
found among the five groups.

34t 1.03 pg/ml (1.01 pg/ml, 0.70—1.25 pg/ml), 4+ 0.93
pg/ml (0.87 pg/ml, 0.78—1.09 pg/ml), 5+ 0.91 pg/ml
(0.89 pg/ml, 0.7—1.09 pg/ml) FH(Fig. 4). EA}Lo| A<
Awel IL-13€ Phst g a3 FA4eE &
o]t zpolE Holx| UttH(p=0.775) (Table 1). E3t
[L=139] 2= Rt E ot B2t Be oA okl

e BYom Ed] gt So] 271et FroA =
obl Bé= Hlou fofst ApolE WERAI= Rkt
(1 vs. 24, p=0.490; 15t vs. 3, p=0.478; 1 vs. 4

o, p=0.230; 14 vs. 5%, p=0.572). T3+ 2z} 1} *}o]
= EAZOoRZ 8ol5lx] A2+ vs. 37, p=0.311; 3
L ovs. 45, p=0.113; 45 vs. 5, p=0.460) (Fig. 4).
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Monocyte Chemoattractant Protein—1

ek 9 g2t A] AFHT A A (F2E
7 9@ OAFROIZHS 13 723.25 pg/ml (761.99 pg/ml,
570.92—859.40 pg/ml), 2%+ 1006.62 pg/ml (1032.45
pg/ml, 765.34—1136.49 pg/ml), 3% 1854.18 pg/ml
(1775.64 pg/ml, 1339.09—2278.58 pg/ml), 43 2008.84
pg/ml (1981.23 pg/ml, 1450.69—2545.23 pg/ml), 53
2049.17 pg/ml (2062.19 pg/ml, 1468.86—2607.80 pg/ml)
Heh(Fig. 5). 2HAtoll A A=) MCP-12 tj2E Tt
EARoR Sol5tA =tHp<0.001) (Table 1). T3t
A=) MCP-19] tjzta} zjol= 2o A= F2sHA|
AL (p=0.224), dhzsto] wls} 3(p=0.004), 45
(p<0.001), 53(p=0.001)l|l A SAH o2 F2s1A F7}
2 FAE Bk ZF k] v]aof A 24toflA] K} 3t
A, 3ol Al Bt 45toflA], 4ol A Bt 5tollA] F7hE 7
FE BYoy FAA ul= 2S5 A2 vs. 3,
p=0.060; 3% vs. 4 p=0.914; 4=* vs. 5t p=0.639)
(Fig. 5).

Vascular Endothelial Growth Factor

oAkt 9 dhzel A A Ao HR(EAHg 8
AFEZH-S 14 21.91 pg/ml (20.44 pg/ml, 13.20—32.91
pg/ml), 2% 23.64 pg/ml (24.50 pg/ml, 14.23—28.34
pg/ml), 3% 32.47 pg/ml (32.96 pg/ml, 14.74—46.60
pg/ml), 47+ 87.88 pg/ml (70.23 pg/ml, 46.54—140.28
pg/ml), 5% 35.25 pg/ml (20.97 pg/ml, 18.17—44.13
pg/ml) {ch(Fig. 6). TAptollA] H<4=2] VEGF= Fx7}
G daPut BAHOR sk Eteh(p=0.034)

250,00 |
20000 1
15000
10000

I

0.00

Vascular endothelial growth factor

1 2 3 4 5

Group
Figure 6. Aqueous concentrations of VEGF in each of the five
groups The levels of VEGF are significantly higher in group
3, 4 than group 1(). There are significant differences between
group 2 and 3 (A), group 3 and 4 (B), group 4 and 5 (C).

M543 H4E-

(Table 1). Bigkate] Huk4=2] VEGF= 270 41] 7
+ 22 FAH R Fo5t AfolE Kol = ehok|vt
(p=0.643), 333} 4t A= FosHAl S71HE A& 5
A1 vs. 3%, p=0.021; 15 vs. 43, p=0.003). o]
A A 72E AlYEE (5w oA Zolg HolA] ehekek(l
vs. 5, p=0.117). & 712 zjolE H|wgh Autol A=
13t B|SA G gy S (3ol A 9] A7t 22 Eet &
A Eold AH(p=0.027)F KL, A3k BFA G
S (3D ol A Bt Ho| MR B E WA 2 T4
Farg S (4 oA GA S7H =25 B ATH(p=0.007).
ESF Go]A] A 2E He A5 FolA ABE wA| ¢
Ay (4ol A By SAH R fol5H
3o AE HYH(p=0.009) (Fig. 6).
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Al

=
[e)

=
[e)

YREHREO SEZ0| G2 M40 AOIET,
a

27 14 204 pm (203 um, 195—209 pum), 2% 411 um
(430 pm, 335—477 um), 34 470 pm (487 um, 328—651
um), 4w 475 um (464 pm, 350—592 um) ok Tk
FEo] = Ak A9 IL-69F MCP—1, VEGF42]=
FAHEEA| L} oFe] AHaAlE BATHIL—6, Spearman’s
rho=0.604, p=0.001, MCP—1, Spearman’s rho=0.486,

800.00-

700.007

600.007

500.00-

Central macular thickness

400.00-

300.007

200.0 T T T T T
0.00 100.00 200.00 300.00 400.00

Interleukin-6
Figure 7. Correlation analysis of the IL-6 in aqueous humor
and central macular thickness. Positive correlation between
aqueous IL-6 level (pg/ml) and central macular thickness (um)
(Spearman’s rtho = 0.604, p = 0.001).
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T T T T T T
500.00 1000.00 1500.00 2000.00 2500.00 3000.00

Monocyte chemoattractant protein-1

Figure 8. Correlation analysis of the MCP-1 in aqueous humor
and central macular thickness showing the positive correlation
between aqueous MCP-1 level (pg/ml) and central macular
thickness (um) (Spearman’s rho = 0.486, p = 0.014).

800.00

700.00] o

600.007]

500.00

400.00
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200.00

T T T T T
50.00 100.00 150.00 200.00 250.00

Vascular endothelial growth factor

Figure 9. Correlation analysis of the VEGF in aqueous humor
and central macular thickness showing the positive correlation
between aqueous VEGF level (pg/ml) and central macular
thickness (um) (Spearman’s rtho = 0.467, p = 0.019).

p=0.014; VEGF, Spearman’s rho=0.467, p=0.019). (Fig.
7-9).
IL— 8—4 B9 S} Fo3h TS HolX]
E'I](Spearmans rho=0.273, p=0.187) IL-109]
% =9 AR A Beou EAA 9o=
EOI Z] oF}tH(Spearman’s rho=—0.372, p=0.067). IL-13
O] 79 o A A HAou gA] FAAS 9
o= x| FaldtHSpearman’s rho=0.355, p=0.082).
EA A A HolE IL-6, MCP-1 ¥ VEGF 7+
BAL Agste =y IL-62F MCP—1, IL-62}
VEGF, MCP—13} VEGF+= wlj-¢- 2 ko] AhkA (72

L=
.

/ww . ophthalmology.org

Spearman’s rho=0.681, p<0.001; Spearman’s rho=0.722,
p<0.001; Spearman’s rho=0.486, p=0.014)Z X o]ZQit}

L

et TP A e WA WA GFn B
| ggtoleta & 4 vk ot HAH 4T FAEL
F7hET An o AolErelst Ak WAl 9%
of of¥ YPFE FUA Hml Py U g
NRRo] 1 oflolch ™ o] @ QlAbEol et A7t ol
AT QA ob2) 2ol FHgh o] chsf Wizl
72 719] Qitk. ofo] £ AAEL HpUe] Ao =14,
AmsLel B VEGFE #43te] Furaiy s 2aate]

A 2 ofe] QlxpEe] ofatel disto] eohiy] glatel ¢
75 Ay

IL-6% Wejagat F47] WS st Fad A
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= 7,

=
oF# % ek Funatsu et al”*S @17k
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She IL-100] FreupgzolA washs @5
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Ao B Welsh A el
T3 238 B 4 9l
IL-10x ?}Wﬂ FEF At E7H - skl IL-132
Th2 Al 9l B|gbA s, AFddsisze] s =2 445
a2 MHC class IT 9 CD23 LA W27 B8] ol
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=ABSTRACT=

Analysis of Intraocular Cytokines According to Progression of Diabetic
Retinopathy and Macular Edema in Diabetic Patients

Bum Ho Sin, MDl, Jin Young Kim, MDI, Ji Young Park, MDZ, Sung Pyo Park, MD'!

Department of Ophthalmology, Hallym University College ofMedicinel, Seoul, Korea
Department of Laboratory Medicine, Hallym University College qf'Medicinez, Seoul, Korea

Purpose: To investigate the relationship between the aqueous concentrations of cytokines, chemokine, VEGF and the se-
verity of diabetic retinopathy and diabetic macular edema.

Methods: Sixty eyes with diabetic retinopathy and diabetic macular edema, and 10 eyes of nondiabetic subjects were fol-
lowed for 6 months. The aqueous levels of inflammatory and anti-inflammatory factors were measured. The aqueous lev-
els of cytokines were investigated according to the severity of diabetic retinopathy and diabetic macular edema.

Results: The aqueous levels of IL-6, IL-8, IL-10, MCP-1, and VEGF were elevated according to the severity of diabetic
retinopathy. The aqueous levels of IL-13 were higher in eyes of diabetic patients than in eyes of nondiabetic subjects, but
there were no statistically significant difference between diabetic retinopathy and nondiabetic subjects. The aqueous levels
of IL-6, MCP-1, and VEGF were positively correlated with central macular thickness in eyes with diabetic macular edema.
Conclusions: The aqueous levels of IL-6, IL-8, IL-10, MCP-1, and VEGF were correlated with the severity of diabetic
retinopathy. The aqueous levels of IL-6, MCP-1, and VEGF were positively correlated with the severity of macular edema.
J Korean Ophthalmol Soc 2013;54(4):618-626
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