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Analysis of Aqueous Humor Cytokines in Exudative Age-related Macular
Degeneration and Diabetic Macular Edema
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Li Lyung Wang, MD, Do Gyun Kim, MD, PhD

Department of Ophthalmology, Myongji Hospital, Hanyang University College of Medicine, Goyang, Korea

Purpose: To investigate the cytokine concentrations of aqueous humor in patients with exudative age-related macular degener-
ation (AMD) and diabetic macular edema (DME).

Methods: Fifty-seven subjects were included in the exudative AMD, DME and control groups, each group has 19 patients.
Aqueous levels of cytokines epidermal growth factor (EGF), vascular endothelial growth factor-C (VEGF-C), monocyte chemo-
attractant protein-1 (MCP-1), hepatocyte growth factor (HGF), interleukin (IL)-3, IL-8, IL-6, IL-12p40, intercellular adhesion mole-
cule 1 (ICAM-1) were investigated in each groups. Kruskal-Wallis test and Mann-Whitney U test were performed to compare cy-
tokine concentrations.

Results: Aqueous levels of EGF, VEGF-C, MCP-1, HGF, IL-3, IL-8 were significantly higher in exudative AMD group than control
group (p =< 0.0001, < 0.0001, 0.004, 0.015, < 0.0001, 0.014) and EGF, VEGF-C, IL-3, IL-8 were significantly higher in DME
group than control group (p = < 0.0001, < 0.0001, < 0.0001, 0.005). In the comparison between the exudative AMD and DME
groups, EGF was significantly higher in the exudative AMD group (p = 0.001).

Conclusions: Various cytokines were increased in patients with exudative AMD and DME. In particular, EGF showed a higher
level in exudative AMD than in DME.
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A9 52.6% (10

S FugeEF, 47.4% 0= FAY G
o194ek

A AAlE oA Fat3Ql o s Y13
o, AEA vo|dHSHAA W gReIHEE 32l
A A W A A= o], 2] A9 Wutes
20| AlsgiT). 941 ZEutalA|¢)(proparacaine; Alcaine”,

Alcon, Puurs, Belgium)© 2 HQMlF| & 5% XH|= 9 ¢
t}¢l(povidone iodine) 0.2 = HHL AE3F F LAE F
ol9h wlS B 2Eelg o]F 25H AAVE =
AE Atolof 7]9-31 30 gauge HHso] B9 | mL FAP|S
olg3te] AUHAE AAstom, AL L 0.10.15
mLE A A FAE B4 FF Rl 81
5 76T o) 34 Jzsle] Rys19 0, Human Magnetic
Luminex performance Assay (R&D Systems, Inc., Minneapolis,
MN, USA)E o]-§3te] 2A3heict

B4 e AzsAe) AAREEE 245stel AAg
6 epidermal growth factor (EGF), vascular endothelial
growth factor-C (VEGF-C), monocyte chemoattractant pro-
tein-1 (MCP-1), hepatocyte growth factor (HGF), inter-
leukin (IL)-3, IL-8, IL-6, IL-12p40, intercellular adhesion
molecule 1 (ICAM-1) & 97}%] Alo|E7}Ql QIA=S B4
sh3ich

Zr A=9] AFZEE SPSS 26.0 for Windows (IBM
Corp., Armonk, NY, USA)E- 0]-85}0] 2495}3{t}. Demographic
factor £412 9J3ll one-way analysis of variance, chi-square
testS AJHSIITE AEA ol HRISIHA, St

S, 2t Al 38 7 ARIEZR B AolE H|uL &
X357 Y8 Kruskal-Wallis testE A|Y5}9 o, o]5 A)
=4 doltshbaA T 2, RS} o
23, AFEA Yol HESMHA Y eSS T
A - 2]o] ARSE A S & Mann-Whitney U testS A|3Y5}

A
Ak 183 A1E L5E B A3}31X}F Bonferroni correc-
tionS E3f p-value”} 0.0167 t|7kel AL EA X o= §9]
3 Aew sk

B B W ol AR UolBum
75.1 £ 2.7A), BB 5 2
284160, A= ol
7} 259 A W Al E7RL 24 Ai AEA ol

7}
TAgbEA 7] Alo|E719] B EGF 1.40 + 0.14 pg/mL,
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VEGF-C 300.77 + 39.77 pg/mL, MCP-1 1,248.27 + 760.70
pg/mL, HGF 319.62 + 313.76 pg/mL, IL-3 53.96 + 3.09
pg/mL, IL-8 30.08 + 37.32 pg/mL, IL-6 10.55 + 17.45
pg/mL, 1L-12p40 171.99 + 40.72 pg/mL, ICAM-1 3,809.89
174870 pgmL, FrgulEETe] Alo|Erjel Hrl
EGF 1.18 + 0.96 pg/mL, VEGF-C 296.33 + 96.85 pg/mL,
MCP-1 1,041.85 + 532.20 pg/mL, HGF 274.91 + 190.22
pg/mL, IL-3 52.60 + 3.92 pg/mL, IL-8 26.57 + 14.18 pg/mL,
IL-6 12.63 + 44.20 pg/mL, IL-12p40 180.31 + 2891 pg/mL,
ICAM-1 3,820.01 + 2,040.89 pg/mL, T Z-2] Alo]E7}Ql
%+ EGF 0.73 £ 0.18 pg/mL, VEGF-C 257.43 + 24.33
pg/mL, MCP-1 781.27 + 443.92 pg/mL, HGF 151.86 +
126.04 pg/mL, IL-3 46.22 + 2.34 pg/mL, IL-8 17.58 =+
34.64 pg/mL, IL-6 8.97 + 3.39 pg/mL, IL-12p40 161.00 +
56.45 pg/mL, ICAM-1 3,543.90 + 499.23 pg/mLZ =% 5]

Table 1. Subject and subgroup demographics

QT Table 2).

A4 Uoldrshiba gt B2 7F vlao| A= EGF,
VEGE-C, MCP-1, HGF, IL-3, IL-8 % 67}7] Afo]E7}9lo]
HEA HolTsbAd oA SAHCE Fo5HA =4
LFERGE S H(p=<0.0001, <0.0001, 0.004, 0.015, <0.0001, 0.014),
FreIRERE} 27 v o A= EGF, VEGF-C, IL-3,
IL-8 & 47HA] Alo|E7IRl0] ieBbRlgto A SA 4 o=
Qola1A] 7 Lhehdth(p=<0.0001, <0.0001, <0.0001, 0.005).
220 A A dolRRg AL g 2 7
Hl o A= S vol s o A SRS
wofl H]8] EGF7} & =2 4% Utkp=0.001) (Fig. 1).

GRS RS AN g § S04
SRS EoR Alslol T U] AOlETR B4
AT} 8544 SHenepagae] Aol skl SRl EGF
1.06 = 0.12 pg/mL, VEGE-C 285.45 = 96.96 pg/mL, MCP-1

AMD DME Control Total p-value
Number of subjects 19 19 57 -
Mean age (years) 75.1 £2.7 73.6 £2.3 742 +2.8 743 +£ 2.7 0.231°
Gender distribution (M:F) 11:8 8:11 10:9 29:28 0.612"
OD:0S 7:12 11:8 10:9 28:29 0.401"

Values are presented as mean + standard deviation unless otherwise indicated.
AMD = age-related macular degeneration; DME = diabetic macular edema; M = male; F = female; OD = oculus dexter; OS = oculus

sinister.

p-value are calculated using the “one-way analysis of variance and chi-square test.

Table 2. Levels of 9 cytokines in the aqueous humor among 3 groups

Mean + SD (pg/mL) p-value

AMD vs. DME vs. AMD vs.

Gl REE (G Control" Control" DME"

EGF 1.40 + 0.14 1.18 + 0.96 0.73 + 0.18 <0.0001" <0.0001" 0.001"
VEGF-C  300.77 + 39.77 296.33 + 96.85 257.43 + 24.33 <0.0001" <0.0001" 0.385
MCP-1  1,248.27 +760.70  1,041.85 + 532.20 781.27 + 443.92 0.004" 0.02 0.954
HGF 319.62 + 313.76 274.91 + 190.22 151.86 + 126.04 0.015" 0.04 0.863
IL-3 53.96 + 3.09 52.60 + 3.92 46.22 +2.34 <0.0001" <0.0001" 0.339
IL-8 30.08 + 37.32 26.57 + 14.18 17.58 + 34.64 0.014" 0.005" 0.665
IL-6 10.55 + 17.45 12.63 + 44.20 8.97 + 3.39 0.863 0.053 0.181
IL-12p40  171.99 + 40.72 180.31 + 28.91 161.00 + 56.45 0.488 0.146 0.435
ICAM-1  3,809.89 + 1,748.70 3,820.01 + 2,040.89 3,543.90 + 499.23 0.385 0.931 0.665

SD = standard deviation; AMD = age-related macular degeneration; DME = diabetic macular edema; EGF = epidermal growth factor;
VEGEF-C = vascular endothelial growth factor-C; MCP-1 = monocyte chemoattractant protein-1; HGF = hepatocyte growth factor; IL = in-
terleukin; ICAM-1 = intercellular adhesion molecule 1.

“p-values are calculated between each pair of groups using the Mann-Whitney U test; 'Significance level at 5% (p < 0.0167) by Bonferroni
correction for multiple comparison.
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Figure 1. The aqueous levels (pg/mL) of cytokines in AMD, DME, and control groups. The mean values are indicated by the dots.
The statistical analyses were performed with the Mann-W hitney U test (p< 0.0167 by Bonferroni correction). AMD = age-related
macular degeneration; DME = diabetic macular edema; EGF = epidermal growth factor; VEGF-C = vascular endothelial growth
factor-C; MCP-1 = monocyte chemoattractant protein-1; HGF = hepatocyte growth factor; IL = interleukin; ICAM-1 = inter-

cellular adhesion molecule 1.

1,003.57 + 556.16 pg/mL, HGF 249.78 + 131.59 pg/mL,
IL-3 52.96 + 3.61 pg/mL, IL-8 25.15 + 14.28 pg/mL, IL-6
12.34 + 11.43 pg/mL, IL-12p40 176.50 + 30.91 pg/mL,
ICAM-1 3,673.50 + 2,113.54 pg/mL, A4 Ficrjup=
9] AJo]E7}9] %= EGF 1.30 + 1.28 pg/mL, VEGF-C
307.21 + 100.89 pg/mL, MCP-1 1,080.13 + 537.34 pg/mL,
HGF 300.04 + 223.26 pg/mL, IL-3 52.24 + 4.34 pg/mL,
IL-8 27.99 + 1472 pg/mL, IL-6 12.92 + 59.27 pg/mL,
IL-12p40 184.12 + 28.18 pg/mL, ICAM-1 3,966.52 +
2,078.20 pgmLE ZH=¢lom, F o {F Ao|E7IR] F%
L EAdog Gt 0|2 Ho|x| ekattH(Table 3).

St Al 2 1Ao7t eAl A EITh

offl ol A A 9744 Al =711 F- EGF, VEGF-C,
IL-3, IL-80] 4=/ vol gy 3 Skt
o oA HiRgtel Hig) FofHA 2 wEE HEE
lom, MCP-13} HGF7} AF&/d whol = aiba Ad ol A]
tztol] vlsf fFolohAl w2 =2 HAESEHUT B A
=74 ol ol A Frhitgto] vlsl EGF

EGF= o2 Al o] F4] fLQl 42, Bikbov et
al'’o]] W= geographic atrophyE 7}2 AMD 29| X
Fof| EGF ¢H] 42 Al3¥3t A3} cystoid macular ede-
ma7} At etk ®3F 712 A7 Adt A=A
Uo| s A FRxjo| A EGF7| 22 =ra ZA5l=
o] golg] 9o, sl sixjol| A EGF: Wuls}
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p-values are calculated using the Mann-Whitney U test.

Ao

NPDR = non-proliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy; SD = standard deviation; EGF = epidermal

growth factor; VEGF-C = vascular endothelial growth factor-C; MCP-1 = monocyte chemoattractant protein-1; HGF

factor; IL

*

Table 3. Levels of 9 cytokines in the aqueous humor between NPDR and PDR group

EGF
VEGF-C
MCP-1
HGF
IL-3
IL-8
IL-6
IL-12p40
ICAM-1

=]

gl SEUTE LTEET YR
W™ o B m N oo KR o o BT Ho
GERET 22 VEH L%
TI R Z_wIE R MT LW
— ~a N o
pLoRNEUE BHdugEleE
TeEErocn ALz d
CEE Bt 3= oI a8
PEI L2 ZypltEi
W o s e FE R o g
u&alﬁmmﬁcma& aeMiWﬁowﬁ%
zo 5 N ! . To -
Timwekds® BoBaTE
geﬁzﬁﬂﬂWW@ mou@rﬂm_L_mo%
i H]_L(ﬂAI‘ ! H
iEerisd RFESILg
Ho®goal Jo .o
mw Ao TE S L Ry o
.LlLIﬂd..P_m il o
B e O 8T ﬁnl__oE_QOM%
HXwet g 8 2T
EFI_IEMMVOM%Z Mﬂ.A,_x.C-Mnlﬂﬂo_un%
A s e E® o g
HE RS 00 FER L 3 $
- N o COm U G =L N
o NP TW H oo K o R oEF T A
Mo W B — mo p KO W L oF — Mo Ni
= cn o X W m o oo ) TR T Jb
R X0 T <0 n -
R i I R S T
MmﬂLWllﬂLo,mo‘woo_ei,ﬂ%ﬂrﬂpu]q;%
o A T R
ﬂ%&ﬂ%%i@&umﬂhliﬂ o
o O B AL o] or L, Mo W mR ] e M e
mawwwuﬂohﬂﬁﬂmﬁHHTE}%mﬁx]oul
O —_ — N
wmﬁzohmnmwﬁmo.idlﬂmomﬂomw
TN T m O W oo N o= X Mo o
T oA E o SRS R e
TE R xR R oA
,WLE T oo7z_o ,ﬂrﬂwﬂrﬂHLnﬁIm@l
iow_.___%_‘ETU,@I‘OIA]ONMLEEL&FMD\WIO_HWH~O‘@IOE
wo B8 e o Wy TS e ey
T T g T g R w4 o
UPPRER g oy T 5P T
TP D 0X o= BgE H 2
e ? P I gE® o o
sy
oz w oW w2 2 T S T
},waaeo#o#mﬂuo%%olﬁo_ue mmu_émﬁ
L S -~ B L T -
EO‘OI%L EE.@IMHT_Q:/ ﬂH‘E!‘oM‘@l
T N R ) o o ) ol ® SR
MR TN B R T O ORCATT T W

-
L

1= Aog v om! Brelen et al’of whZH
2 3ajolA] IL-8 & 27}

1=}

T

SHERS
H}

o] ohth. webA

=
=]

A Y

486



-gely o Ay

Lo
©
o

FhA7L QT St 2 Aol A TR AT
SRR R 1139 IL-8 W 4124 olaeisut
7} Greghig ol 2718 :

MCP-12 81 2 g4 o] of

BYe 9% 2 W

bk o] ¢l o]

MCP-19] oh}j =7}

AR BEE B
Uolaig
A

e

r%%
a2

o |
32

tog o
o F
e o o

ol
el

= o b
ox ME

RN

-0,
X

. o
v
o

)
i
oo
T o
ol
o,

B
N,
o

i=)
il
2] g
>

R
%
‘e
o
=

S~

Ol

-

4L o

lo 1o ox

o o
<t ox,

o

ol\
o
o
=
o

=]

fo %0 ox
w A

ih

A

o HU
8T
ol
A

2 o
iyt
oL
=

e
)
%0
o
e
e g

re rZ do
T
ox
=
)
Y
Ku)
BN
rl
e
o

e

N
E
1 E ook i I

=2
o o jo

o

rJ

(&

2
N

)
ot %0
off iy

Ral
S~
2

olN
N
1
Q2 oXx

Noe 2 r&oy_ W e oo
d
i

e e
iih)
<l

Z
HHE o 23
J

=
TR 7

43;2
&

palt
i3
ot
ek
o
4z ox 12 ox

=
=

]
HGFE= §-27]U4]

=
& Aagrozn Yo

—=

B ot yo & 41 ox

¢

(
-

il

e
nd
)
oiN

==
>
g g
=]

i

tlo

ol

rir

pacy

o

U

(]

4

2

pacs

o
N

off N
e

-

Ky

=)

(i

=)

H

U

o

i)

il

_-)
oo

(T

=2
>

ey 2 A Ay} SRS o
8 HGFo] 5 2jol7} gz, ol 7|2 el 4]
3t ZAw}o]t}. Matsumoto et al’'of] W2 thishapH
Aol A MCP-10] =2 FE=2 E25h, MCP-1 5=}
ool Qs Aweh A9l ARRAL olrk
Rom, HGF A Grgitilg sixjolA 2 5=
Z=o] 884 .o Brelen et al'’o] w2™ HGF %
Zoter AP WA ofsh 7F ARTAE QUrk Sheick
o Eti® & djois AtiA o 5o Gt
F BEo0| EgEol /1% AT ZBfo} Aol AtE ¢
U= 7HsAdol qick

IL-6, IL-12p40, ICAM-12 7|2 o1 A3} A&A4 Lo
A TP 3 e S REo Atk
of vlal F7hElo] Q= Aol whel,#F B A Aafol A
EAHoR Foigt Aolg HolH Aok Tt W &
=5 v|wsE Y IL-6, IL-12p40, ICAM-1 25 A=A Lo]

IL-6%= WET, WOAIZ D HRolAIZE EFT vharet
Az fgol 283kl % L AN 2 o]
5 AfolEFIQIo R A7FHA R VEGFO| Hde f=dt
of ¢ Eaby Z7F 9 AN FA0| Holahs Aor
9EA glom, IL-12p402 WerdTAIAE oAIsH: AL

o e

o|E7}olo|th* 18|31 ICAM-12 ¥
Tgol Polsln] Bt &, YA

=i
&

r
0O

]
-
off dr mo
ok > FIF
oN oX

r

@ e
el
o

&
=
>

&
N
o
:
s
of
H1
Ir
oft
h—:

_|>i
=2
Rl
=
ik
oX,
ot
o|N
1
oft
h—t
ol
=
ok
o[N
o
=
o)

I
lo

[
4
QAT M TL-12p40 527} B
1Bk, IL6 SEt Yup s gsue o] fols o
ol GUeku sk £ AL AT AES BT
o FFwol wet BFESA gob Ao

So) gol m@Ho] 9he 7F5Aol Uon o] AolE
shele] chpi o Qlaf Z1E AT At Hol7t gl
Ao A7,

L4 1o mv Hz o

o)

T2 v|wgt 7|E ks Ao|al
21 IL-6, IL-8, VEGF, ICAM-1, MCP-1& 333 A&
Alo|EFIOIE0] H|2A1A ripyuly= . 2
A Feetg S gl ZrtElo] glom, F4

2 o fIr e

o O "1 0 O
WU B4 FoAE AGEE S0 B FA4 P
wOPEE BAOIA B Z7helo] gt 2uE nelck?
B AT GRS wFAY FrguE
3 FAN PuIERon ARsde o 2 2o
AT A 71 BB BolSol fofd e @A 2
sH9S 7hsAol glon, HEe] o 39 uF
A G 0 430 FA4 R )
wol Egslo] glo] 71 Aok Holst AnE HeS
7hsAo] gtk o] ol A F5 thitn B2 o
o=, WZAY FuupiEa 244 Jreyshyze) 3
o 3RS AEstel F71 HAlo] WRT RO ALY
=y
B AP et 2 WAdel Ytk A, felAE
dhalsto] A MBS AN AolEtel FEE HAG
AR ok f Aol Ertel FEE S| Wslol 3
A7 912 2 Qe e Aot feAE B ol gt
- pes

o] Apo|EFFQ] HEE ZAE o] o] w=w Ak
L S U Aol El FESF 49

g ARTAS Holtta sk B4, Aee] 3Es
FRBEA] k3 BT 7h Alo| Bkl B umwrt o]Fol
% 52 329 o] 3 ko ¢

HAA A& 7hs/dol enR, 25 Ag FFEE T2

487



|
=
ror
i

stol AolE7lel BES sl A7/l WaY Ao
A A, & el R B )20 o 12
TR S oo 9 A7k Bask

??‘JH 424 Vol JJr e SlElE 2 5lx)o]

A5 FEAOR anti-VEGF Q1 ) FARE A9t 9]
£ 7bed), ozt R Ago XIEOH #paste ol B
23 AFolth. B AT HEA Uolpguug 3
W 0] A Al EAR B Aol X
daos wnd Aol o) slod, U el

REFERENCES

1) Jonas JB, Jonas RA, Neumaier M, Findeisen P. Cytokine concen-
tration in aqueous humor of eyes with diabetic macular edema.
Retina 2012;32:2150-7.

2) Hillier RJ, Ojaimi E, Wong DT, et al. Aqueous humor cytokine lev-
els as biomarkers of disease severity in diabetic macular edema.
Retina 2017;37:761-9.

3) Jonas JB, Tao Y, Neumaier M, Findeisen P. Cytokine concentration
in aqueous humour of eyes with exudative age-related macular
degeneration. Acta Ophthalmol 2012;90:e381-8.

4) Gaudry M, Brégerie O, Andrieu V, et al. Intracellular pool of vas-
cular endothelial growth factor in human neutrophils. Blood 1997;
90:4153-61.

5) Wartiovaara U, Salven P, Mikkola H, et al. Peripheral blood plate-
lets express VEGF-C and VEGF which are released during platelet
activation. Thromb Haemost 1998;80:171-5.

6. Meleth AD, Agron E, Chan CC, et al. Serum inflammatory markers
in diabetic retinopathy. Invest Ophthalmol Vis Sci 2005;46:4295-
301.

7) Tan W, Zou J, Yoshida S, et al. The role of inflammation in age-re-
lated macular degeneration. Int J Biol Sci 2020;16:2989-3001.

8) Romero-Aroca P, Baget-Bernaldiz M, Pareja-Rios A, et al. Diabetic
macular edema pathophysiology: vasogenic versus inflammatory.
J Diabetes Res 2016;2016:2156273.

9) Kauppinen A, Paterno JJ, Blasiak J, et al. Inflammation and its role
in age-related macular degeneration. Cell Mol Life Sci 2016;73:1765-
86.

10) Bikbov MM, Khalimov TA, Panda-Jonas S, Jonas JB. Intravitreal
application of epidermal growth factor in non-exudative age-re-
lated macular degeneration. Br J] Ophthalmol 2022;106:1762-6.

11) Ao J, Wood JP, Chidlow G, et al. Retinal pigment epithelium in the
pathogenesis of age-related macular degeneration and photo-
biomodulation as a potential therapy? Clin Exp Ophthalmol 2018;
46:670-86.

12) Al Gwairi O, Thach L, Zheng W, et al. Cellular and molecular path-
ology of age-related macular degeneration: potential role for

488

Qtutsts|X| 20234 A 64 H

H6&-

proteoglycans. J Ophthalmol 2016;2016:2913612.

13) Klaassen I, Van Noorden CJ, Schlingemann RO. Molecular basis
of the inner blood-retinal barrier and its breakdown in diabetic
macular edema and other pathological conditions. Prog Retin Eye
Res 2013;34:19-48.

14) Gandorfer A, Rohleder M, Grosselfinger S, et al. Epiretinal pathol-
ogy of diffuse diabetic macular edema associated with vitreomacular
traction. Am J Ophthalmol 2005;139:638-52.

15) Xia T, Rizzolo LJ. Effects of diabetic retinopathy on the barrier
functions of the retinal pigment epithelium. Vision Res 2017;139:
72-81.

16) Cabral T, Lima LH, Polido J, et al. Angiogenesis agents levels after
bevacizumab intravitreal injection in patients with neovascular
age-related macular degeneration. Invest Ophthalmol Vis Sci 2016;
57:3341.

17) Dugel PU, Boyer DS, Antoszyk AN, et al. Phase 1 study of
OPT-302 inhibition of vascular endothelial growth factors C and D
for neovascular age-related macular degeneration. Ophthalmol
Retina 2020;4:250-63.

18) Yenihayat F, Ozkan B, Kasap M, et al. Vitreous IL-8 and VEGF
levels in diabetic macular edema with or without subretinal fluid.
Int Ophthalmol 2019;39:821-8.

19) Brelen ME, Mohamed S, Chan C, et al. Correlation of aqueous cy-
tokines with OCT appearance in patients with diabetic macular
oedema. Invest Ophthalmol Vis Sci 2015;56:4679.

20) Jonas JB, Tao Y, Neumaier M, Findeisen P. Monocyte chemo-
attractant protein 1, intercellular adhesion molecule 1, and vascular
cell adhesion molecule 1 in exudative age-related macular degeneration.
Arch Ophthalmol 2010;128:1281-6.

21) Matsumoto Y, Takahashi M, Ogata M. Relationship between gly-
coxidation and cytokines in the vitreous of eyes with diabetic
retinopathy. Jpn J Ophthalmol 2002;46:406-12.

22) Torres-Costa S, Alves Valente MC, Falcdo-Reis F, Falcio M.
Cytokines and growth factors as predictors of response to medical
treatment in diabetic macular edema. J Pharmacol Exp Ther 2020;
373:445-52.

23) Zhu D, Zhu H, Wang C, Yang D. Intraocular soluble intracellular
adhesion molecule-1 correlates with subretinal fluid height of dia-
betic macular edema. Indian J Ophthalmol 2014;62:295-8.

24) Funatsu H, Yamashita H, Ikeda T, et al. Vitreous levels of inter-
leukin-6 and vascular endothelial growth factor are related to dia-
betic macular edema. Ophthalmology 2003;110:1690-6.

25) Mastropasqua R, D'Aloisio R, Di Nicola M, et al. Relationship be-
tween aqueous humor cytokine level changes and retinal vascular
changes after intravitreal aflibercept for diabetic macular edema.
Sci Rep 2018;8:165438.

26).Zhou Y, Yoshida S, Kubo Y, et al. Interleukin-12 inhibits patho-
logical neovascularization in mouse model of oxygen-induced
retinopathy. Sci Rep 2016;6:28140.

27) Simo-Servat O, Hernandez C, Simo R. Usefulness of the vitreous
fluid analysis in the translational research of diabetic retinopathy.
Mediators Inflamm 2012;2012:872978.

28) El-Asrar AM, Nawaz MI, Kangave D, et al. High-mobility group
box-1 and biomarkers of inflammation in the vitreous from patients
with proliferative diabetic retinopathy. Mol Vis 2011;17:1829-38.

29) Song S, Yu X, Zhang P, Dai H. Increased levels of cytokines in the
aqueous humor correlate with the severity of diabetic retinopathy. J
Diabetes Complications 2020;34:107641.



A —

Al

22

A

-2l 2 : Y W AIEIR S Bl

30) Funatsu H, Yamashita H, Noma H, et al. Aqueous humor levels of retinopathy in diabetic patients. Graefes Arch Clin Exp Ophthalmol
cytokines are related to vitreous levels and progression of diabetic 2005;243:3-8.
= FLRE =

o=y Lio|ZEgtiHY Sixjet SEURE Sxte| M LY
AO|EFI 5= 24

=X %“ Lo| g S gited etapol My W A0|E7IR s=5 24610 2f Zato] Helo £2 7|6E st=

&t
EH”I'-} tc'! P& 5THS HdeR 7* JEY 1984 MEd Lo|HEgity, S gite2 s JN tx2z bl 222 &SI, 2
OEY MEE L epidermal growth factor (EGF), vascular endothelial growth factor—C (VEGF—C), monocyte chemoattractant
protem 1 (MCP-1), hepatocyte growth factor (HGF), interleukin (IL)—3, IL—8, IL—6, IL—12p40, intercellular adhesion molecule
1 (ICAM-1) S5 =Hot & AMO|EFIRl =& H|E all Kruskal-Wallis test, Mann—Whitney U testE A|HGIRALC

Anp: AEAM LIo| 2 SEIH AN D (| X H| W0l M= EGF, VEGF-C, MCP—1, HGF, IL—3, IL—80| AI&A LI0| 2 St M L0j| A
SO|5tH = LIEHG S M(p=<0.0001, <0.0001, 0.004, 0015, <0.0001, 0.014) S SHE=7F XD H|WO|A= EGF,
VEGF-C, IL-3, IL-80| Hx&EEEHUM S5t = A LIEHSICHe=<0,0001, <0,0001, <0,0001, 0.005), A=A Lto|2SdH
A R EUE ST HWolMe EGF7E o &4 tolqﬂj%“ih’éﬁmlﬁ FSHA = Al LIEHGTHp=0.001).

ZE: Yo MO[EFIRI0| A& Loty 3 i SPEE SiXtoll M S7t=0] A2 M, E5| EGFe= A& LHo]
MY SXtoll N SRS 2tXtol do 2 ¢XIE Bol0
(CHBrRt I} StS|X| 2023:64(6):482—-489)

fat

[

=l
r
Ofor

i H,EI

&a|d / Li Lyung Wang
StYT{sty ojmyst HA|HA Qritstu A

Department of Ophthalmology, Myongiji Hospital, “
Hanyang University College of Medicine

489



