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Effect of Cysteamine on Human Peripheral Blood Mononuclear
Cells-Chemically Injured Keratocytes Reaction
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Purpose: To investigate the effect of cysteamine on mixed peripheral blood mononuclear cells (PBMCs)-chemically injured kera-
tocytes reaction (mixed lymphocyte-keratocyte reaction; MLKR).

Methods: PBMC stimulation assay was performed after keratocytes were chemically injured with 0.05 N NaOH for 60 seconds.
MLKR was treated with various concentrations of cysteamine (0-10 mM). Intracellular reactive oxygen species (ROS) formation
was measured using the oxidation-sensitive fluorescent probe, 2'7’-dichlorofluorescein diacetate (DCF-DA). Proliferation rate of
PBMCs stimulated by NaOH-treated keratocytes and secretion profiles of matrix metalloprotease-9 (MMP-9), transforming
growth factor-betal (TGF-p1), interleukin-6 (IL-6), and macrophage migration inhibitory factor (MIF) were determined using the
bromodeoxyuridine proliferation assay and enzyme-linked immunosorbent assay, respectively.

Results: Proliferation rate of PMBCs was suppressed by cysteamine in a dose-dependent manner (p = 0.019). Fluorescence of
DCF-DA decreased depending on cysteamine concentration (p < 0.001). MMP-9, IL-6 and TGF-B1 levels were suppressed by cyste-
amine in a dose-dependent manner (p < 0.05), whereas MIF levels increased with cysteamine concentration of 0.5-10 mM (p = 0.008).
Conclusions: These study results indicate that cysteamine induced the ROS-mediated inhibition of inflammatory cytokine re-
lease and proliferation of PBMCs stimulated by chemically injured keratocytes. Thus, cysteamine can be used in the treatment
of chemical corneal burns.
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Dulbecco's Modification of Eagle's Medium (DMEM)/F12
¢} Rosewell Park Memorial Institute (RPMI) 16402
Gibco-Invitrogen (Grand Island, NY, USA)o| A Y3
t}. Ficoll-Hypaque, A]ZH|o}l, mitomycin C, 2°,7- di-
chlorofluorescein diacetate (DCF-DA), phytohemagglutinin
(PHA)= Sigma Chemical Co. (Saint Louis, MO, USA)o]|A]
Fui5FTE Bromodeoxyuridine (BrdU) proliferation assay+
Roche Diagnostics (Indianapolis, IN, USA)o| A G413+
o} AbEe] QlE|771-6 (interleukin-6), Tf &AL 5 5]
@] Z}(macrophage migration inhibitory factor, MIF), & 23
A1 A-HEH (transforming growth factor-betal, TGFp
1), 71283849 (matrix metalloprotease-9, MMP-9)& =
A317] €%t enzyme-linked immunosorbent assay (ELISA)
kitst== R&D Systems (Minneapolis, MN, USA)o|| 4 -] 3}
Sitt. Aol Zhuh e WE el g T 971E cor-
neal-scleral ringsol| A Atk YxdNL AZlst AA};
2 Yo AYE A S0 mL FA|E AL F
HEE glagioz Hejd 7)o dol A%k

AHEE ZHOEM| o] HHQE

gl Aamutat Al AR QHg AR Al AE A 71E
< FHer EEsielt S8 57])E0] 24-well
platesoll A HJFE| QIR Zupr| Ao 45502 LS
onf a}RF 52t 37C o] DMEMO||A] 2.0 mg/mL Fetzl
2358 A (Roche, Basel, Switzerland)® 233} ch ZFz-
o] MEZEL DMEMOZE 23t & 10% Fetal Bovine
Serum (FBS; Gibco-Invitrogen, Grand Island, NY, USA)©¢]
A7bo] 9l DMEMFI12014 wjFs let” o] HZE
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assay kit (Roche Diagnostics, GmbH., Mannheim, Germany)
2 2359tk 1x10° 2PN TmL = o] AT
gl == 100 pL7} T2 v 2oF9] 96-well plates 5 6
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2319} 2°,7°-dichlorofluorescein  diacetate (DCF-DA,;
Sigma- Aldrich, D6665, St. Louis, MO, USA)Z =A% 31
t} ol FAAAEZS uj7l&® DCF-DA”} 2°7’-dichloro-
flurescein (DCF) 2.2 A3lE= 22 o]&3513th Mixed
lymphocyte- keratocyte reaction (MLKR)2 0-10 mM A]A
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Z PBSZ A A3}t A|3E U] reactive oxygen species
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FLP S =A3F}= spectrofluorometer (SFM 25,
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Figure 1. Inverted phase—contrast image and immunofluorescent vimentin staining of human keratocytes. (A) Keratocytes were ob-
served growing parallel to the etched lines. Magnification, X 200. (B) Immunofluorescence with anti-vimentin antibody, a general
marker of keratocyte, revealed the morphology. The nuclei were stained using Hoechst 33342 (blue). Magnification, X 400.
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Figure 2. Peripheral blood monocular cell (PBMC) stimulation
test. NaOH-treated human keratocytes served as the stimulators.
Cysteamine suppressed the PBMC proliferation in a dose-de-
pendent manner (p = 0.019, Kruskal-Wallis test). PBMC pro-
liferation was suppressed with >5 mM of cysteamine (p = 0.034
and 0.021, respectively, Mann-Whitney U-test). PBMC pro-
liferation with 0-5 mM of cysteamine was higher than that of neg-
ative control (p = 0.008 for all, Mann- Whitney U-test), whereas
it was lower than that of negative control in 10 mM of cysteamine
(p = 0.008). BrdU = bromodeoxyuridine. *Statistically sig-
nificant by Mann-Whitney U-test.
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Kruskal-Wallis test; F1g 2). YxgAgalL 2410 5 mM
o]Fe] AlZHlopHlofA A= A THp=0.034, and 0.021,
Mann-Whitney U-test). A]AH|oFH 0.5-5 mM s of| A &
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31(p=0.008 for all, Mann-Whitney U-test), 10 mM =0
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Figure 3. Relative 2°,7’-dichlorofluorescein diacetate (DCE-
DA) fluorescence. Intracellular ROS levels measured by rela-
tive DCF fluorescence decreased by 0-10 mM cysteamine in a
dose-dependent manner (p < 0.001; Kruskal-Wallis test). Cyst-
eamine concentration of >1 mM significantly lowered the intra-
cellular ROS levels (p = 0.014, 0.014 and 0.014, respectively;
Mann-Whitney U-test). Intracellular ROS levels with 0-1 mM
of cysteamine was higher than that of negative control (p =
0.016, 0.008, and 0.008, respectively, Mann-Whitney U-test).
However, there was no significant difference of intracelluar
ROS level between 5-10 mM of cysteamine and negative
control. ROS = reactive oxygen species; DCF = 2°7’-dichl-
oroflurescein. ~Statistically significant by Mann-Whitney U-test.
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ZHThe BAMoR folstA a4 waErhp-0016,
Mann-Whitney U-test). A|A~H|oP-& 85k 9] 2% 0 & DCF
H3-S A TH(p<0.001, Kruskal-Wallis test) (Fig. 3).
1 mM o]/9] Alxgloprlo] FA A2 [OfsHA A= W
ROS 988 AAA|ZtHp=0.014, 0.014, 0.014, Mann-Whitney
Utest). A]2<8|obe] 0.5-1 mM =l 4 DCF @32 24
o) vlE 25k =91 (p=0.008 for both, Mann-
Whitney U-test), 5 mM S0 A= A4 tz73) Zol=
Holz] kgt AlZHotWl 10 mM “sfkof4] DCF 332
4] PR WL $2l5k Aol ol glTp=0.056).
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25HE LEHACISTO BN Ato|ETtel 2
NeOHZ A3t Afhzieby o} wadojgaly 54t
20 mM A AEoh SEolq 7] AR EAIE S

dxaiohs SAHCR FoatAl F7ketth(p=0.016,
Mann- Whitney U-test). 1 mM ©]A+¢] A]Ago}ql& A7}
shls o, S7HE 71EREaA-99 A= AAE
(p=0.001, Kruskal-Wallis test; Fig. 4). &3], 5 mM ©]A}o]
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Figure 4. MMP-9 levels measured by ELISA. MMP-9 levels
decreased in a dose-dependent manner by 0-10 mM cysteamine
(p = 0.001; Kruskal-Wallis test). Cysteamine concentration of
>5 mM significantly lowered the MMP-9 levels (p = 0.016,
and 0.009, respectively; Mann-Whitney U-test). MMP-9 lev-
els with 0-5 mM of cysteamine was higher compared with neg-
ative control (p = 0.016, 0.016, 0.008, and 0.008, respectively,
Mann-Whitney U-test). However, there was no significant dif-
ference of intracelluar ROS level between 10 mM of cysteamine
and negative control. MMP-9 = matrix metalloprotease-9;
ELISA = enzyme-linked immunosorbent assay; ROS = reactive
oxygen species. Statistically significant by Mann-Whitney U-test.
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EAAOR 90547 ZAAATHP=0.016, 0.009, Mann-
Whitney U-test). A|2AE|otql 0.5-5 mM gEo A 7| A&
faa9= 54 2ol Hsl FostAl E=%4aL(p=0.016,
0.008, and 0.008, respectively, Mann-Whitney U-test), A]Z~
glofrl 10 mM F=o A= 4 tx2a 2to]& HolA|
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EHLE 0 mM A eoll FEOA IE -6 £
HraEohs FAHCR folstA S 18 thp=0.016,
Mann-Whitney U-test). T}FSt 52 A|AH oIS X7t
st W, S-dEHoR $7HE AERI6 A7 %
A %) 1 th(p=0.003, Kruskal-Wallis test) (Fig. 5). £3] 1, 5,
10 mMojA] g2 EA oz Q76 +X& A4
o7 G93A TAAHTHp=0.043, 0.021, 0.021, Mann-
Whitney U-test). A|AHOF] 0.5 mM E=of|A] QlE|F7]
6= 54tz Bl FoSHAl & qkAITHp=0.032,
Mann- Whitney U-test), 1 mM o A= F-2]u]dt *}o]
£ Ho|Al= &t SHA|TE A 2H|opR S, 10 mM F=o]]
A QIER7L6E 24 el us) BAZ O G5k
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A2lak ARzt e} ol EEES 0 mM
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Figure 5. IL-6 levels measured by ELISA. Cysteamine decreased
IL-6 levels in a dose-dependent manner (p = 0.003; Kruskal-
Wallis test). Cysteamine concentration of >1 mM significantly
lowered the IL-6 levels (p = 0.043, 0.021, and 0.021, respectively;
Mann-Whitney U-test). IL-6 levels with 0-0.5 mM of cysteamine
was higher than that of negative control (p = 0.016, and 0.032,
respectively, Mann-Whitney U-test), whereas IL-6 levels with
cysteamine concentration of >5 mM were lower than that of neg-
ative control (p = 0.032, and 0.016, respectively; Mann-Whitney
U-test). IL-6 = interleukin-6; ELISA = enzyme-linked immunosorbent
assay. *Statistically significant by Mann- Whitney U-test.
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Figure 6. TGF-B1 levels measured by ELISA. TGF-B1 level
was slightly elevated in a low (0.05 mM) cysteamine concen-
tration (p = 0.016; Mann-Whitney U-test). However, it de-
creased at high concentrations (5 mM and 10 mM) (p = 0.009
and 0.009; Mann-Whitney U-test). TGF-B1 levels with 0.5
mM of cysteamine was higher than that of negative control (p
= (0.016, Mann-Whitney U-test), whereas TGF-B1 levels with
cysteamine concentration of >5 mM were lower than that of
negative control (p = 0.016 for both). TGF-p1 = trans-
forming growth factor-beta 1; ELISA = enzyme-linked im-
munosorbent assay. *Statistically significant by Mann-Whitney
U-test.
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Figure 7. MIF levels measured by ELISA. Cysteamine in-
creased MIF levels at high concentrations (> 1 mM) (p =
0.014, 0.014, and 0.027, respectively; Mann-Whitney U-test).
MIF levels with 0-10 mM of cysteamine was higher than that
of negative control (p = 0.016, 0.008, 0.008, 0.008, and 0.008,
respectively). MIF = macrophage migration inhibitory factor;
ELISA = enzyme-linked immunosorbent assay. *Statistically
significant by Mann-Whitney U-test.

2ol SEol A SATET Aolo] F AR
A-WEH S §2)3 Aol S molx| gkt A|AHotulo]

goojzron YARBAARIA M A8 han
ZAtH(p<0.001, Kruskal-Wallis test) (Fig. 6). A]Z~g|o}ql

5, 10 mMofl A PRSI ANA-HEH F=E A
TH(p=0.009, 0.009, Mann-Whitney U-test) (Fig. 6). S}%
0.5 mMo| Aldlotrlo] H7HE oA FAMSIR
Z-HEH = AFSEthHp=0.016, Mann- Whltney
U-test). A|Z~E[oFR1 0.5 mM g eof| A & H e QIA}-
HIEHE 3 Sl Sl il Balao-00ts,
Mann-Whitney U-test), | mM FE o A= ||l 2}o|
= BolAL ergrth AT Al AH oM 5, 10 mM %
oAl FAM G AA- MBS A4 tx=ol Hlsl A
Hog §o3}A Zth(p=0.016 for both, Mann-Whitney
U-test). NaOHZ & 2] 3+ Al-ZrabA| 2o} Wz g il L
T2 0 mM A AH|OM FEof| A A A AZ o] 5] 3]
AL Szl vg) FAKOR fols et
A th(p=0.016, Mann-Whitney U-test). $tA 7|5 Q50|
B Do), cherst 5E0) A 2oble: B4 o]
ERF912}0] 4222 Z7HA] H=1)(p=0.008, Kruskal-Wallis
test) (Fig. 7), 53] 1 mM o]Fo] A|ZHopul2: T A4 2
ojF AR A E FAX LR FOSHA F7HAF
(p=0.014, 0.014, and 0.027, Mann- Whitney U-test). T3+
e FEo AzEopuloA] thA Al zolEA 8l QA= &4
dzato] Blsl SAK = [F-ofsHA ZItH(p=0.008 for all).



- Ol¥= 2o : AJAHOIRIQ] otk ol et Sat-

5
1)
1o
N
)
 J
N

o ke
=,
5=
2
=

o N
=
o
2
o

2

N

o o M=
| | M oX

© ox

e
o
~
>
ot
o,
>
S~
>
fu)
2o
o
B3
it |o
2,
©
o
e
N
jnics
o

Jo
2
)
i)
i)
AL b
o
<
>
i
1>
L
oo
i)
ik
)
2
o2
o\
O =
X
o
>~
>

o
I
o

N

olr

L.

Hu)
2
R
Eh)
=2
=
=
N
- o
)
3 olft
ol
o
=
rﬂ‘ m 0
BEINNS
_Ll oL
N
i,
A
o "o
m =
= 1N
M

N
(b
o
4,
N
N
1=
=
o
rlr
o
e

sFshy ol A
A 2Eobul e gk
A 4T A A(Fig. 3) 83t

[e)
5170
2o] A3 e wrdHsTo $4

l

AL garsto] AEANS oAU AmoAs
2AA, 7 Sof gt W] 9 o wkgo] 2232
2 AsEAR A gon AA FEom pofdt
oh® webd S EA Y] 2 4S B dF vheat A
Ao 38g HHsA GAT 5 Ytk AE Yo AbstA

Ef2o vzt AARIAR, tiEA S Z nuclear factor
erythroid 2-related factor 2 (Nrf2)7} It} Nrf2&= AlSH=E
ol ot WojAgs wisfste F8% HAARIAE,
NAD(P)H®} glutathione2] AJAIS E3f SAAER S

=22

AATCE? E3E AFS} AEG AL FQ3 ATHY AR
=3} histone modificationsS ZA3}= Aoz 2eA 9
oth? AJAHop e FAEY Y W OM 2’ %Hg@i
=

FAIPIE o pehi w gl weby A Adol
WS SAALED AAS FHA BRIATAL F4
& 2AY Aol E Aavolle §olzdon
V-6, FAATA PN e, 7] 2 e w299}
e 954 AolEsIe) S SAekTie 4, 5, 6)
FuIFAE, BYATA P 2L HE A4
Hlot(0.5 mMylA] folshA Assteich § A e
Qe S 2o shstgel A A el BRT FEE
28Tk LA Yok GAABAFAA e S 2}
U AT, /) AAIES o5 HASH Zuk /] WA E

ox

fRAER ABE] w3} Aol Auk
Faptu) o) 7|0l AYL molFA |k 5
s A E FEASHIA AR EH S Zepd
Ziap7) Aol LAREAIE7E SAH o2 2]
FEetA Hed, ols SAFEAZIE M
crystallines: 443kl Zja} 7| AN 2R o £sty] uj
Bolrk® 3t FAAEAFAA-wEHS 7| H B A
-9, QI¥&F71-6, monocyte/macrophage chemotactic pro-
tein-1S ETF3E ThE2 Alo]E7}el o] WS GHlsl= =2

& 7HA A Qe QI E R0 A At E7H
2 dZe] ZHarsiatol| A Zr1Et o 5315]041;]. 713
S|as-9= T ES] dA(proteolytic enzyme)Z
Qb AP SR Zueat ST 2EA 9
o At F AR Eaos Aze 7149 et
Aol Zojgea waE e

FOIBAE, & AFolA Azwotile] FEA £ v
(1 mM) dAAEO AR A o] Z7h7h ke
k. o A1 HE | A 1A innate W efe] ZHolt ¢
U 10 a2 e she A02 el °‘EP3“7
HE oAz B A}
HH 7] = 5X]”J, o A A 2205 % ’5‘H°L7<P—E 7He 7
apsiayol A Zhal 7] AN o] o8] HERAE|E Fheht &
2] Atol A ZebA| 2= 0.05 N NaOHell &f A 25 %]
o2 EAE I A E|FA B AR T 529‘4%5“
T A BFehA S-S U Al 2o s
Aoz AZtE. & Ao A AlLH|oprlo] T A A o]
A ALY TAS AAISHA] AT thE HSA Ao
otz tiA A Eo]FA B AL =2
k= Aol E7119) have] w2 Hhg

1 olfr= EH*”\ﬂi"]EXi 3 Q1A}= innate
2483t 75 oh7] "otk AlLEopel T4
RN }01—4 JﬂLﬁlE o7 ffsfiA=

=+
=2

o 2
< N

=

]

1o o> X [o o
T

rUIOé k1

kol
<
S EN
=

floi
it

o fe 10 _1

_12‘1

(

r-{n:
|

OlN ﬁ o
_\|1_‘

oo
-

Nox 12 oz 2

N mo N ol
N o S
‘e of
-
2
x
=
O%
r

Qo] isize] A AHel
© mEYOTTe FA3 thAlH Zol A el Aot
ARHRL9Z AT e FI69 FAATH L
Alele] @FA Aol Eztele] Hulg SA YRy

1517



- Iitotmtsts|x| 2015 A 56 A A 10 & -

ol

Yool Il P
>~

Lo o]t 3 A|LEobtlo] A4
& ol

e wERPITHTANE AE E4o

30 o &
o KU HI
_a

N
-

3
o
i)

iy
Lo
>
K3

foir gob
o
)
lo
il
b
N
ol
i
5L o

o
o
=
B
et
2

-
o 2,

o
r
d
d

o
L
)
b
S~
AN
lo
N
N,
o
i)
N,
X
>

~
uu
Jo
jakad
ot
4=
=2
1o
of

<
o do Hd J

e
(<0
ol
)
il
e K
o
rlr
Ini

n
ol
o rlo

o >
L ox to ox
[ K o o pet
LU i
n;gm;
=S

= 2
@

> =
U R

fnd

NoErorr o> 2o BN
o O O oox o o &£ O

oX

H1

1o mx

S

ot

>

N

N,
o o 8§ o rf oX M pZ 1o 2 e

2 1o fof R ope =
B
O
o
=
>
>,
ke
o
of
)
%{l
ro
by

Ir ol

Oclﬂ':‘:,ﬁ

o|N
=)
=
(il
A
1o
giis

HlE JASIAIL, ol & FoliA Au fetebde] A mA=

2Eobal o] AME 7HsAS A7 B Yol Al A

glo] A W ARE-E 91 AT =S A R
1

oN
N
N
>~
N
N
=
=
H o
= =
g
e
ok ;L:
p
]3; >
Mo =
e
o ©
O
v
B o
flo mu o
X

i

0%
i
L fm N 12 nd o

N
A
-0,
1o
T
=
il
12
>
ot
Ku)
rlr
o
o
ST,

S
:Or‘_"‘.
e
N
=)
Lo

1) Wagoner MD. Chemical injuries of the eye: current concepts in
pathophysiology and therapy. Surv Ophthalmol 1997;41:275-313.

2) Oh SY, Choi JS, Kim EJ, et al. The role of macrophage migration
inhibitory factor in ocular surface disease pathogenesis after chem-
ical burn in the murine eye. Mol Vis 2010;16:2402-11.

3) Shi W, Liu J, Li M, et al. Expression of MMP, HPSE, and FAP in
stroma promoted corneal neovascularization induced by different
etiological factors. Curr Eye Res 2010;35:967-77.

4) Planck SR, Rich LF, Ansel JC, et al. Trauma and alkali burns in-
duce distinct patterns of cytokine gene expression in the rat cornea.
Ocul Immunol Inflamm 1997;5:95-100.

5) Gicquel JJ. Management of ocular surface chemical burns. Br J
Ophthalmol 2011;95:159-61.

6) Chung JH, Kim HJ, Fagerholmb P, Cho BC. Effect of topically ap-
plied Na-hyaluronan on experimental corneal alkali wound

1518

healing. Korean J Ophthalmol 1996;10:68-75.

7) Pattamatta U, Willcox M, Stapleton F, Garrett Q. Bovine lacto-
ferrin promotes corneal wound healing and suppresses IL-1 ex-
pression in alkali wounded mouse cornea. Curr Eye Res 2013;38:
1110-7.

8) Dohlman CH, Cade F, Pfister R. Chemical burns to the eye: para-
digm shifts in treatment. Cornea 2011;30:613-4.

9) Kubota M, Shimmura S, Kubota S, et al. Hydrogen and N-ace-
tyl-L-cysteine rescue oxidative stress-induced angiogenesis in a
mouse corneal alkali-burn model. Invest Ophthalmol Vis Sci
2011;52:427-33.

10) Kessler A, Biasibetti M, da Silva Melo DA, et al. Antioxidant ef-
fect of cysteamine in brain cortex of young rats. Neurochem Res
2008;33:737-44.

11) Wilmer MJ, Kluijtmans LA, van der Velden TJ, et al. Cysteamine
restores glutathione redox status in cultured cystinotic proximal
tubular epithelial cells. Biochim Biophys Acta 2011;1812:643-51.

12) Choi YM, Park CG, Lee HS, Hur WI. The effects of cysteamine on
the radiation-induced apoptosis. J Korean Soc Ther Radiol Oncol
2000;18:214-19.

13) Chakravarti S, Wu F, Vij N, et al. Microarray studies reveal macro-
phage-like function of stromal keratocytes in the cornea. Invest
Ophthalmol Vis Sci 2004;45:3475-84.

14) Funderburgh JL, Funderburgh ML, Mann MM, et al. Proteoglycan
expression during transforming growth factor beta-induced kerato-
cyte-myofibroblast transdifferentiation. J Biol Chem 2001;276:
44173-8.

15) Bourcier T, Borderie V, Forgez P, et al. In vitro effects of dex-
amethasone on human corneal keratocytes. Invest Ophthalmol Vis
Sci 1999;40:1061-70.

16) Borderie VM, Lopez M, Lombet A, et al. Cryopreservation and
culture of human corneal keratocytes. Invest Ophthalmol Vis Sci
1998;39:1511-19.

17) Musselmann K, Kane BP, Hassell JR. Isolation of a putative kera-
tocyte activating factor from the corneal stroma. Exp Eye Res
2003;77:273-9.

18) Mosmann T. Rapid colorimetric assay for cellular growth and sur-
vival: application to proliferation and cytotoxicity assays. J
Immunol Methods 1983;65:55-63.

19) Pathak S, Goldofsky E, Vivas EX, et al. IL-1p is overexpressed and
aberrantly regulated in corticosteroid nonresponders with auto-
immune inner ear disease. J Immunol 2011;186:1870-9.

20) Yang L, Hou Y. Different characters of spleen OX-62 positive den-
dritic cells between Fischer and Lewis rats. Cell Mol Immunol
2006;3:145-50.

21) Shin YJ, Kim JH, Seo JM, et al. Protective effect of clusterin on ox-
idative stress-induced cell death of human corneal endothelial
cells. Mol Vis 2009;15:2789-95.

22) Wagoner MD. Chemical injuries of the eye: current concepts in
pathophysiology and therapy. Surv Ophthalmol 1997;41:275-313.

23) Rahman I, Adcock IM. Oxidative stress and redox regulation of
lung inflammation in COPD. Eur Respir J 2006;28:219-42.

24) Saika S. TGF-beta signal transduction in corneal wound healing as
a therapeutic target. Cornea 2004;23(8 Suppl):S25-30.

25) Jester JV, Barry PA, Lind GJ, et al. Corneal keratocytes: in situ and
in vitro organization of cytoskeletal contractile proteins. Invest
Ophthalmol Vis Sci 1994;35:730-43.

26) Katakami C, Fujisawa K, Sahori A, et al. Localization of collagen



- olge 9 :

o=

A|AH|O

(I) and collagenase mRNA by in situ hybridization during corneal
wound healing after epikeratophakia or alkali-burn. Jpn J
Ophthalmol 1992;36:10-22.

27) Chakravarti S, Wu F, Vij N, et al. Microarray studies reveal macro-
phage-like function of stromal keratocytes in the cornea. Invest
Ophthalmol Vis Sci 2004;45:3475-84.

28) Bryan N, Ahswin H, Smart N, et al. Reactive oxygen species
(ROS)-a family of fate deciding molecules pivotal in constructive
inflammation and wound healing. Eur Cell Mater 2012;24:249-65.

29) Kovac S, Angelova PR, Holmstrom KM, et al. Nrf2 regulates ROS
production by mitochondria and NADPH oxidase. Biochim
Biophys Acta 2015;1850:794-801.

30) Misik V, Miyoshi N, Riesz P. Effects of cysteamine and cystamine
on the sonochemical accumulation of hydrogen peroxide- im-
plications for their mechanisms of action in ultrasound-exposed
cells. Free Radic Biol Med 1999;26:961-7.

31) Chen M, Matsuda H, Wang L, et al. Pretranscriptional regulation of
Tgf-betal by PI polyamide prevents scarring and accelerates
wound healing of the cornea after exposure to alkali. Mol Ther
2010;18;519-27.

32) Saika S, lkeda K, Yamanaka O, et al. Expression of Smad7 in

telel ZatMzzof et EaF -

mouse eyes accelerates healing of corneal tissue after exposure to
alkali. Am J Pathol 2005;166:1405-18.

33) Zieske JD, Hutcheon AE, Guo X, et al. TGF-beta receptor types |
and II are differentially expressed during corneal epithelial wound
repair. Invest Ophthalmol Vis Sci 2001;42:1465-71.

34) Sambursky R, O'Brien TP. MMP-9 and the perioperative manage-
ment of LASIK surgery. Curr Opin Ophthalmol 2011;22:294-303.

35) Chang JH, Han KY, Azar DT. Wound healing fibroblasts modulate
corneal angiogenic privilege: interplay of basic fibroblast growth
factor and matrix metalloproteinases in corneal angiogenesis. Jpn J
Ophthalmol 2010;54:199-205.

36) Calandra T, Roger T. Macrophage migration inhibitory factor: a
regulator of innate immunity. Nat Rev Immunol 2003;3:791-800.

37) Daun JM, Cannon JG. Macrophage migration inhibitory factor an-
tagonizes hydrocortisone-induced increases in cytosolic IkappaBalpha.
Am J Physiol Regul Integr Comp Physiol 2000;279: R1043-49.

38) Shin YJ, Seo JM, Chung TY, et al. Effect of cysteamine on oxida-
tive stress-induced cell death of human corneal endothelial cells.
Curr Eye Res 2011;36:910-7.

39) Waring GO 3rd, Rodrigues MM. Patterns of pathologic response in
the cornea. Surv Ophthalmol 1987;31:262-6.

1
b
Iy

11

HoO

ng
P
ek

Mol 12

o
2
o
G
1

]

> 12

Z—

o

2 ]
J
i

o

\J

O

N

bal

O

5 rh

o

T

HU

(]

(@]

il
It

2

il

1
o> >
rMo o

ol
=3
N
N
[m]
>

ng %
rz

OIO o

2 0| et =9 Al
d|ch|orof|uorescem diaceta
ACQ HEM A

A
il oo o

-

N
o J
m

o0

o ph 0T

o~ e

1Pt

[l

il

P

el o2k
12 o
o
19 g
A
10
L

[0

tu

I

o 12 oA
ol

il

3%

1o

w2t = o
oM

@ Kot

o
-

l2 AlAHOIRIC S0 HzEHo]
F2lol ==of Higlsto] 7[EEsisA

ng
P
o
e
[>
m
S

>

1

S}

ol
oA

5o

), &
migration inhibitory factor, MIF)= &
FE: AIAB[01RI0] BHNASTH| 4K

E71019] 2HIE AHISHACE 2t AlAH[0FRIO]
(Cistornteta| x| 2015:56(10):1511-1519)

=
D
o

=2

r
oA’
FE

5715t LHp=0.008).
Solod =hety
5t5tx]

=

o
X 7t

Al

tO|E 721 2H|

X—HIEH (transforming growth factor—beta 1, TGF—31)2 X =

-

0% oot
iu]

3%

o2 XM2|=Act M= W 2
(DCF—DA) A 50 ’;”SE\%*E% NGOHZ. 2
M BA

2} bromodeoxyuridine

o St
H

Pl
Hl
2
AT 1o rir

l

=

2
19
ol
N

A = A LCHo=0.019). DCF-DA SHZ2 A|AH|0IE! ==0f| H|H|5H ZiA
-9 (matrix metalloprotease—9, MMP—9), ?IE{77I-6 (interleukin—6,
1(p<0.05), LHAIM|IZLO| = M5HI X macrophage
5404

ZIarM|zol Ofal FetE

Gt XM XZHZ AR

OF=x
ELN

=
=

S/}

7|t L,

£Hs 7.0 65 Aol

= Ae=z

LA
— O

=
o]

a~
A
T M

1519



