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Abstract

Effect of the cell migration and expression of lmaset membrane
laminin-5 by insulin- like growth factor 1(IGF-1n cultured corneal

epithelial cell

Lee Hyung Keun

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Kim Eung Kweon)

We examined the effects of insulin-like growth faet (IGF-
1) on laminin-5 (Ln 5) and the associated integdusngin vitro
HCEC migration. And we investigated the effect$@#-1 on the
migration of human corneal epithelial cells (HCEG#LEC migration
was examined by wound healing and chemoattractsiatya. For
migration inhibition assays, HCECs were pretreatél inhibitors of

the IGF-1 receptorn{R3), PI3-K/AKT pathway (LY 294002) and the



MEK-ERK pathway (PD 98059). The expression levélgminin-5

and fibronectin (Fn) were determined by Western aialysis, while
the expression levels of tfi@ anda3 integrins were determined by
confocal microscopy and Western blot analysis. figration

inhibition with anti-integrinu3- andpl-antibodies was also determined.
HCEC migration was significantly increased in tmegence of IGF-1
and Ln-5. IGF-1 enhanced the production of lamiin-both a dose-
and time-dependent manner, and this up-regulatatdde blocked by
pretreatment witluIR3 or LY 294002. IGF-1 treatment up-regulates
expression opl integrin, but not.3 integrin. And the facilitated HCEC
migration by IGF-1 was inhibited with anti-integramtibody for1.
However, there was no cross-talk between Ln-5 atedjrinf1
production. Our results reveal that IGF-1 induc€Hd& migration
through the independent productions of laminin-8 hintegrin,

which are directed at least in part by activatibthe PI3-K/AKT

pathway, but are not affected by the MEK-ERK pathwa

Key Words :corneal epithelium, cell migration, insulin-likeogvth factor,

laminin-5
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. INTRODUCTION

The corneal epithelium is a self-renewing, stratifepithelium
that provides the first line of defense againsading microorganisms. The
integrity of the corneal surface depends on a dtdibalance among the
forces of corneal epithelial cell proliferation,gration, differentiation and
desquamatioh Disruption of the corneal epithelial barrier aaties corneal
healing and remodeling processes, which can presksghe tissue to stromal

ulceration and cause corneal opacification, ultgtyaeading to irreversible
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visual deficits. Epithelial healing is achievedrigration of the epithelial
cells to cover the denuded area and enhancedroéfepation to reestablish
the epithelial structure. Corneal epithelial ceigration is modulated by
various humoral and extracellular matrix (ECM) pins." Growth factors,
such as insulin-like growth factor-1 (IGF-gpidermal growth factor (EGE),
interleukin 6? fibroblast growth factor-2 (FGF-2)transforming growth
factorp (TGF-P)°, Keratinocyte growth factor (KGF), and hepatoaytewth
factor (HGF)® have been shown to stimulate corneal epithelidhtigration
bothin vivo andin vitro. Glycoproteins of the ECM, such as fibronectin,
laminin, and collagen IV, also facilitate cell magion®° However, the
precise relationship between these motogenic aygskand ECM protein
production in the corneal epithelium is not weltlerstood.

The laminin (Ln) proteins are a family of extracér matrix
molecules that exist as cross-shaped heterotriofiers - andy-chains, and
are mainly localized in the basement membranesuwbuys tissues. The five
o-, threep- and threg-chains give rise to at least 15 Ln isoforth@f them,
Ln-1 and -5 are known to be components of the @fdo@sement membrane.
Ln-1 is the universal isoform of Ln and compriskaast all of the tissues in
the basement membrateyhile Ln-5, which is composed of th&, 3 and

v2 chains, is a component of skin and corneal basemembranes, and is



known to be involved in epithelial cell migrationcaadhesior>**Genetic
defects in any of the three Ln-5 subunits causetijomal epidermolysis
bullosa;® and Ln-5 was shown to be over-expressed at the sitepithelial
wounds® and the leading edges of invading carcinoma ¢&llaken together,
these findings suggest that Ln-5 may play an ingmntole in epithelial cell
homeostasis, cell migration, and cancer cell irorasi

IGF-1 is a multifunctional regulatory peptide tisdares structural
homology with proinsulin. IGF-1 has been shown tdiate proliferation,
differentiation and survival effects, dependingtba target cell and the
presence of other hormones and growth factokscumulating evidence
indicates that IGF-1 promotes cell motility in aiey of normal and
malignant cell types, including the corneal epitiladells of some species.
Nishida et al. reported that substance P and IG¥agrgistically stimulated
corneal epithelial migration in an organ culturetaf cornea® and found that
while addition of either SP or IGF-1 alone did afiect epithelial migration,
co-treatment with SP and IGF-1 significantly stiated epithelial
migration® Interestingly, no previous work has examined tgratory
effects of IGF-1 in primary human corneal epithatils (HCECS), or the
possibility of cross-talk between ECM componentd amgration-associated

cytokines in this context.



Here, we investigated whether IGF-1 could stimulé@EC migration,
and whether the expression levels of Ln-5 andfeltin5 associated integrins

were altered during IGF-1-induced HCEC migratiomitro.



II.  MATERIALS AND METHODS

1. Reagents

Human recombinant Ln-5, which consists of the 1B@-#3 chain,
the 135-kD&33 chain, and the 150- and 105-kDa forms ofythehain, was
purified as previously describ8dThe monoclonal human Ln-5 antibody
(P3H9-2) was purchased from Chemicon (Temecula, g&yclonal Lnp3
(H-300),y2 (H-183) was from SantaCruz Biotechnology, InantaCruz,
CA) and human fibronectin (Fn) and type IV collagegre from Sigma-
Aldrich Chemical Co., (St Louis, MO). The monoclbaati-u3 integrin
antibody (Gi9) was purchased from Beckman CouKetfl¢rton, CA), and
monoclonal anti-integrifl (CD29; clone JB1A) was purchased from
Chemicon. Anti-phospho-AKT (Ser473) and anti-phasfiRK (Thr980)
antibodies were purchased from Cell Signaling Tetdgy (Beverly, MA).
Anti-phospho-JNK (SAPK; Thr183 / Tyr185) and anarman p38 / SAPK2, a
monoclonal antibodies (Clone 2F11) were purchasad Biosource
International (Camarillo, CA). Neutralizing humamiaGF-1R mAbalR3
antibodies were obtained from Oncogene ResearauBt®(San Diego, CA).
Dulbecco’s modified eagle medium (DMEM), F-12 neti mixture, fetal
bovine serum (FBS), HEPES-buffer, amphotericin B gentamicin were

purchased from Gibco-BRL (Grand Island, NY). Otteagents and
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chemicals, including mouse-derived epidermal graatior, cholera-toxin
(subunit A), dimethyl sulfoxide (DMSOQ), hydrocodise, transferrin, and
human insulin, were purchased from Sigma AldricispBse Il was purchased
from Roche Applied Science (Mannheim, Germany)iritf purified goat
polyclonal antibodies against human IGF-1 and IG€ekptor (IGF-1R)

were purchased from R&D Systems, Inc. (Minneapdlis). Horseradish
peroxidase-conjugated secondary antibodies wehpsed from DAKO
(Glostrup, Denmark), and LY 294002 and PD 9805%vperrchased from

Calbiochem (Darmstadt, Germany).

2. Preparation of human corneal limbal tissuefor primary epithelial cell
culture

A. Isolation of human corneal limbal tissue

In accordance with the tenets of the DeclaratioH&sinki and with
the permission of the institutional review boardptan corneal limbal tissue
was harvested from donor corneal buttons followkiaatoplasty. The corneal
limbal tissues were washed three times with DMEMtaming 50 g/ml
gentamicin and 1.2pg/ml amphotericin B. After removal of excessive
conjunctiva, sclera, and iris tissues, the remgitissue samples were placed

in culture dishes and exposed for 1 hour to 1.2ldispase Il in M§'- and



Ca'"-free solution at 37°C under 95% humidity and 5%, d®each case, the
epithelial tissue was separated from the restefiisue and cut into 2.0 mm
X 2.0 mm tissue sections with a #15 blade and @xd@ss

B. Primary corneal limbal cell culture

The segmented epithelial tissue was placed ongperichamber of
a transwell apparatus( diameter, 6.5mm; pore s&@r, Corning, Acton,
MA) containing 3T3 fibroblasts in the lower chambend cells were cultured
in supplemental hormonal epithelial medium (SHEM)d® of an equal
volume of HEPES-buffered DMEM containing bicarb@ahd Ham’s F12
medium supplemented with 10% FBS, 0.5% DMSOu&@nl gentamicin,
1.25pg/ml amphotericin B, 2 ng/ml mouse EGRyg/ml insulin, Sug/ml
transferrin, 0.5 mg/ml hydrocortisone, and 30 ngzhwlera toxin. Human
corneal limbal epithelial cells were maintaine@®@atC under 95% humidity
and 5% CQ. The medium was changed every other day, anaaggjlowth
was monitored daily for three weeks by invertedsghaicroscopy (Olympus,
IX70, Tokyo, Japan). When the cultured cornealnagtiitm was ~80-90%
confluent, the cells were subcultured with 0.2596%m and 5.0 mM EDTA
with a 1:3 split. Second and third passage cell®weed for all experiments
involving cultured human corneal epithelium.

3. Migration assay



HCEC migration was determined by monolayer wouraling and
chemoattractant assays. During these experimentemitted both serum and
growth factors for 12 hours from the SHEM to mitgy¢he effect of
migration-related cytokines. All the experimentgevperformed three times
with minimum triplicate samples and at least thd#ferent areas were
observed in each sample.

A. Cédll restitution assay (Monolayer wound closur e assay)

For monolayer scratch assays, Z&élls were plated onto a chamber
slide and incubated in SHEM. When a confluent mayel was formed, cells
were incubated in serum- and growth factor- fre&€BHnedium for 12 hours.
Then, a scratch wound was made using a fire-paighaess pipette, and the
cells were further incubated in the presence oerd®s of various
concentrations of IGF-1, Ln-5, type IV collagenddm. Migration was
examined at various time points up to 48 hours.dlates were washed three
times with PBS, and the migratory cells were codrated photographed using

a microscope (Olympus, IX70, Tokyo, Japan, 50X HD@X magnifications).

B. Boyden chamber chemotaxis assay
The chemotaxis assays were performed using a raddsioyden

chamber assay. Briefly, transwell chambers (6wlaliep Corning, Acton, MA)
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were used, containing 6.5 mm, §ufh pore size polycarbonate membrane
inserts that were coated with 500 ng/ml human typeollagen, fibronectin
or various concentrations of recombinant Ln-5 @@®,100 1000 ng/ml) in
PBS for 2 hours at 3C. Then, the inserters were rinsed twice with PBS,
blocked with 1% heat-inactivated BSA in PBS forr6iiutes at room
temperature. The upper chamber was loaded HCEC1Q@bul of
2x1CPcells/ml and the apparatus was incubated for 24shdo count the
migratory cel§ on the lower surface of the inserter, the lowefeme of the
membrane was washed twice with PBS, fixed with 4¥aformaldehyde
with PBS for 15 minutes and stained with 0.1% @iygiolet for 15 minutes.
The migratory cells were quantified by countingethfields of view (100X)
with the same microscope used in the monolayetdtessay. Experiments

were performed in triplicate and repeated at lewise.

4. Migratory function blocking study

For inhibitory studies, cells were incubated fdrdurs with one of the
following: 25 or 50uM of LY 294002 inhibitor of phosphoinositide-3 kise
(PI3-K)/AKT) and PD 98059 (inhibitor of ERK), bloitig or neutralizing
antibodies against IGF-1 receptatR3, 1Qug/ml), 1 integrin (1ug/ml), .3

integrin (1Qug/ml), or an IgG matched control mAb and migratasgays
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were performed as above.

5. Western blot analysis

Cells were washed with ice-cold PBS and then lysi¢i cell lysis
buffer (20 mM HEPES, pH 7.2, 10% glycerol, 10 mM:;¥a,, 50 mM NaF,
1 mM phenylmethylsulfonyl fluoride, 0.1 mM dithiatitol, 1 ug/ml
leupeptin, Iug/ml pepstatin, and 1% Triton X-100) on ice forrBhutes.
Lysates were sonicated, and the cell homogenatescgatrifuged at 15,000
x g for 10 minutes. The protein concentrationshimriesultant supernatants
were determined using the Bradford reagent, andlequounts of protein (30
ng) were boiled in Laemmli sample buffer and resdliog 8% SDS-PAGE.
The proteins were transferred to polyvinyliden®flde (PVDF) membranes
(Immobilon™, Millipore, Billerica, MA) and probedvernight with
antibodies against fibronectin, 3, $3, and y2 chains, and integrins3
and $1 (diluted 1:500 to 1:3000). The immunoreactivedsawere detected
with horseradish peroxidase-conjugated secondadityaglies and visualized

by enhanced chemiluminescence.

6. Immunocytochemical staining

Cells were fixed for five minutes in 3.7% formalgekl and then
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permeabilized in 0.5% Triton X-100 for eight minsit&ingle or double-label
immunofluorescence was performed. As controls, $ssnpere run without
primary antibodies or with irrelevant 1gG to detamennon-specific binding of
secondary antibodies. For experiments, samples weubated with anti-
integrina3, -integrinfl, and —Ln-5 for 2 hours at room temperature, fodd
by incubation for 1 hour with FITC-conjugated sedary antibodies. The
samples were then rinsed with PBS and observed anitigorescence
microscope (Nikon Eclipse TE200 equipped with Niktgital camera DXM

1200) using appropriate filters for visualizatidrttee fluorescein.

7. Satistics

All data are expressed as the meanzSD. Multivaaaglysis of
variance with post hoc Newman-Keuls tests deterdhgignificant
differences between the treatment grolps0.05 was considered statistically

significant.
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[ll.  RESULTS
1. Insulin-like growth factor-1 increases human corneal epithelial
cell migration
HCEC monolayers were wounded, and migration wasssed
following treatments with various concentrationd®F-1. Twelve hours after
wounding, serum- and growth factor-free controlscdéemonstrated minimal
movement into the denuded area. In contrast, ttelised with 10 and 50
ng/ml IGF-1 substantially migrated into the denudesh and showed a dose-
dependent relationship with the concentration @lied IGF-1 (Fig. 1A, B)
Migrating cells were flattened, with ruffling bondeand lamellipoda (Fig.
1A); these morphological changes could be seen pieegly in IGF-1-treated
cells than in controls. These results indicate iG&t1 treatment dose-

dependently increases migration of HCECs.

A.
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IGF-1

Figure 1. Cell restitution assay of the effect of IGF-1raigration of human
corneal epithelial cells (HCECs). Monolayers waenakhed and treated with
or without 10ng/ml, 50 ng/ml IGF-1. Twelve hourgela the plates were
washed three times with phosphate buffered saRBS), and the migratory
cells were counted and photographed using a irdienteroscope (Olympus,
IX70, Tokyo, Japan; X100, magnification). (A, B)significant difference

(p<0.05, One way ANOVA); bars, £SE.

2.1GF-1inducesPI13-K and MAPK signaling in human cor neal

epithelial cells
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To examine IGF-1 signaling in human corneal epistheklls, serum-
and growth factor-starved cells were treated witin@/ml IGF-1 for up to 3
hours and analyzed for activation of the PI3-K/A&Td Mitogen-Activated
Protein Kinas€MAPK) pathways (Fig. 2). Phosphorylation of AKT sva
detectable within 5 minutes and persisted fora$tld80 minutes after IGF-1
treatment, while phosphorylation of ERK1/2 was @ased at 10 minutes and
remained above basal level for at least 180 mininesontrast, there was no
evidence of activating phosphorylation of JINK oBpBhese data suggest that

in HCECs, IGF-1 induces activation of PI3-K/AKT aB&K 1/2, but not

JNK or p38.

Time (min)  © 5 10 15 30 60 180
IB:pAKT T - -
BpERK SR mme TS gER SR SN W
B: pJNK - — -

IBpp3s  MEEE S SR S . -

Lachn e ——— — — — —

Human corneal epithelial cell

Figure 2. Western blot analysis of phospho-AKT, -ERK 1/2JK] and -p38
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in human corneal epithelial cells (HCECSs) treatéith WsF-1 (10 ng/ml).
Serum- and growth factor-starved HCECs were treattdIGF-1 for the
indicated times, and cell lysates (3§) were resolved by 8% SDS-PAGE and
immunoblotted with anti-pAKT, anti-pERK1/2, anti-pspho-JNK, and anti-

phospho-p38 antibodief-actin served as the loading control.

3. Inhibition of some | GF-1 signaling components blocks | GF-1-
induced HCEC migration

As our results revealed that PI3-K and ERK 1/2iawelved in IGF-
1-mediated intracellular signaling in HCECs, amatevious study had shown
thata3 andp1l integrins mediate epithelial cell migration imet cell types;
we next investigated the role of these factor&GR-IL induced cell migration.
Wound healing assays were conducted as above ébrevaours, and cell
migration was compared between cells treated v@#-1 (10 ng/ml) alone
and those pretreated with neutralizing antibodres@emical inhibitors. As
shown in Figure 3, LY 294002 (28V) and antipl integrin antibodies (10
pg/ml) completely blocked the IGF-1-induced HCEC ratgn, whereas an
ERK inhibitor (PD 98059; 2nM) and the antix3 integrin antibodies (10
pg/ml) did not. These data confirm that PI3-K gidintegrins are associated

with IGF-1 related HCEC migration.
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300 -

W T

200 4

150 4 *

100 - T

Cell migration (% control)

50

Figure 3. Human corneal epithelial cells (HCECs) migratizgre pretreated
with neutralizing antibodies against wkR3 IGF-1 receptor (1Qg/ml),
integrinf1 (10pg/ml) anda3 (10pg/ml), as well as inhibitors against PI3
kinase (LY 294002; 2aM) and ERK (PD 98059; 2hM). The cells were

then treated with IGF-1 (10ng/ml) and migration \easessed in a wound-
healing assay at twelve hours, using Olympus Dénrf€roscope (X50,
magnification). *, significantg<0.05, One way ANOVA) inhibition compared

with IGF-1 treatment alone; bars, +SE.

4. 1 GF-1treatment induces laminin-5 subchain expression

As Ln-5 and fibronectin are known to be importamtdulators of

_18_



HCEC migration;*° we next used Western blot analysis to investitjae
expression of Ln-5 and fibronectin following IGRfgatment of HCECs. Ln-
52 subchain production was increased at 6 hourstaf@tment of IGF-1
(10ng/ml), but no change in fibronectin productieas seen following IGF-1
treatment (Fig. 4A). Interestingly, treatment witle ERK inhibitor (PD
98059) had no effect on the IGF-1-induced productibthey2 subchain,
while the specific PI3-K inhibitor (LY 294002) deased the expression of
Ln-5vy2 subchain (Figure 4B).

To determine the expression of Ln-5 with the tireguence, the
immunobloting for Ln-5 was performed after IGF-&gtment. In this
experiment, some cells were pretreated with 255ndv LY 294002 2
hours before IGF-1 treatment. The expression leseise Ln-503, B3, and
v2 subchains were significantly up-regulated witBihours post-treatment, as
compared with the serum- and growth factor-fregrots (Fig. 4C). Both the
processed (160 kDa) and unprocessed (190 kDa) fofthea3 subchain
were increased at 3 hours, but these levels hathezt to control values at 6
and 12 hours. The expression levels off8€155 kDa) ang2 (150kDa:
unprocessed, 105kDa: processed) subchains welificzigtly increased at 3
and 6 hours after IGF-1 treatment, and had retutmbasal levels by 12

hours post-treatment. Th& subchain expression levels peaked at 6 hours
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post-treatment and showed the largest IGF-1-indabadge. Pretreatment of
LY 294002 blocked IGF-1-mediated production of fl8eandy2 subchains in

a dose-dependent manner (Fig. 4C, lanes 3 and 4).

IGF-1 - + +
«IR3 - - *

IB:Fn

IB:Ln-5 yZ

IB:Ln-5 y2
IGF-1 ] . N N

LY 294002
PD 98059 - - - +
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Figure 4. IGF-1-induced laminin-5 (Ln-5) expression was deiaed by
Western immunoblot. Serum- and growth factor-stamals were treated
with IGF-1 (10 ng/ml) and incubated for 6 hoursllGesates were examined
for production of Ln-5 subchain® and fibronectin using Western blot
analysis (A, B). Two hours before the IGF-1 treattneome cells were
pretreated with a neutralizing antibody againsti®8 IGF-1 receptor, or
inhibitors LY 294002 (2uM) and PD 98059 (2aM). (A). Ln-5 expression
was compared over time. Lane 1, serum and growtbrféree; lane 2, 10
ng/ml IGF-1 treatment; lane 3, 10ng/ml IGF-1+28 LY 294002; lane 4,

10ng/ml IGF-1+5QM LY 294002 (c).

5. Localization of laminin-5 during | GF-1-induced HCEC
migration

As the translocation of Ln-5 has been associatéueell migration or
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attachment?*®indirect fluorescein microscopy was used to exantire
localization patterns of Ln-5 during monolayer sciaassay with 10 ng/mi
IGF-1 treatment of HCECs. In serum-starved cordetls, fewer migratory
cells were noted and Ln-5 was not exactly localigd. 5A). Three hours
after IGF-1 treatment, significant Ln-5 expressiaas observed in the
migratory leading cells (white arrow), as compandith the following trailing
cells (arrowhead) (Fig. 5B). Time course analysigealed that in IGF-1
treated cells, Ln-5 expression progressively form@atinuous
immunoreactive lines along the borders of migratms (Fig. 5B, C). In
cells pretreated with LY 294002 prior to IGF-1 treant, Ln-5 expression did
not form continuous lines along the borders ofsc@fig. 5D). In sharp

contrast, the Ln-5 was also expressed within thegimal membrane

protrusions of cells treated with IGF-1 (Fig. 5E).
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Figure 5. Localization of laminin-5 in human corneal epitaktells

(HCEC:S) in the absence or presence of insulindileavth factor 1 (IGF-1).
Indirect immunofluorescein method was used to erarhin-5 localization in

serum- and growth factor-free control cells (A)waddl as those treated with
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10 ng/ml IGF-1 for three (B) and six (C) hours, @nadse pretreated with 25
uM LY 294002 for 2 hours before treatment with IGKEY). The arrows
indicate the cytoplasmic processes and localizaifdaminin-5 in migrating

cells 3 hours after treatment with IGF-1 (E).

6. HCEC migration on matrix glycoproteins, fibronectin, Ln-5,
and typelV collagen

As our results suggested that IGF-1 can induce H@iftation and
up-regulation of Ln-5, we next investigated theeef§ of Ln-5 on human
corneal epithelial cells in early epithelial woumeiling. To compare the role
of Ln-5 in cell migration with that of other basemi@nembrane glycoproteins,
including fibronectin and type IV collagen, cellgration was determined by
chemoattractant assays on glycoprotein pre-codiaohloer slide inserts. As
shown in Figure 6, HCEC migration was increasedlbaf the tested matrix
glycoproteins over 24 hours, as compared with éners- and growth factor-
free controls. The Ln-5 coated inserts showed ifledst levels of cell
migration; these levels began to show statisticsitipificant difference from
6 hours post-treatment, as compared to the typmldgen- and fibronectin-
coated slides, which showed increased cell mignaito 24 hours post-

treatment.
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To confirm these findings, another migration assag performed
with monolayer scratch using cells incubated in isedntaining the various
basement membrane glycoproteins. The wounded myerslavere treated
with or without 100 ng/ml of type IV collagen, filmectin or Ln-5, and
migration was observed. At 12 hours after assayg-treated HCEC
monolayer condition showed the highest levels afration compared to

fibronectin or type IV collagen treated conditidnd. 6B).

140 -
120 A
100 A
g0 4
B0
40 4

20 4

HCEC migration (numbers of HPF, x200)
*

T
0 5 5 12 24

Time (hours)
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Figure 6. Comparison of human corneal epithelial cell (HCEGgration on
collagen type IV-¢; 0.5ug/ml), fibronectin- (Fn) ¥; 0.5pug/ml), and
laminin-5- (Ln-5) V; 0.5pg/ml) coated inserts, and serum- and growth
factor-free controls«). HCEC migration was determined using
chemoattractant assays for 24 hours (A). Woundrgeaksays were
conducted with or without 500 ng/ml of type IV @kn, fibronectin, or
laminin-5 and migratory cells were counted 12 haiter assay (B). *,
significant differencef<0.05, One way ANOVA) compared with cells treated

with 100ug/ml Fn; bars, £SE.

_26_



Next, the dose-response effect of Ln-5 on HCEC atign was
examined in additional chemoattractant assays. HREftation was not
induced by Ln-5 concentrations below 100 ng/ml, ngas Ln-5
concentrations between 100 and 1000 ng/ml induigmdfisant increase in
HCEC migration (Fig. 7A). With the time sequencgeni 6 hours after the

assay, HCEC migration was facilitated by Ln-5, aspared with the control

(Fig. 7B).
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Figure 7. Human corneal epithelial cell (HCEC) migrationlan5 coated
inserts of a transwell chamber over different dggg¢sind time points (B)g,
without Ln-5;m, with Ln-5 (100 ng/ml); *, significant differendg<0.05,

One way ANOVA) compared with serum- and growth daétee control.

7. IGF-1 treatment up-regulates expression of g1 integrin, but not
a3integrin

In mammary epithelial cells, motility and adhesimeractions with
the matrix may be mediated by integrin expressémels® Thus, we tested

whether IGF-1-treated HCECs showed changes inxiession levels of the
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a3 andBl integrins, which are known to be related with3-associated cell
migration?! Western blotting revealed th@it integrin expression was
increased at 6 and 12 hours after cells were tteaitd IGF-1, and that this

increase could be blocked by pretreatment with @402 (Fig. 8).

1 2 3 4 1 2 3 4

a3 S R A e e e

B1 e B - ww - e == ==
B actin S — — . —
6 hr 12 hr

Figure 8. The expression levels of integriB andpl in IGF-1-treated human
corneal epithelial cells (HCECSs). Cells were pratied with or without LY
294002 for 2 hours, then treated with or withouEi&Gfor upto 12 hours.
HCEC lysates were subjected to Western blot argalyih anti-integrirn3
andpl antibodies; lane 1, serum and growth factor é@drol; lane 2, IGF-1
10 ng/ml; lane 3, 25M LY 294002 pretreatment; lane 4, b LY294002

pretreatment.

8. Neutralizing anti-1GF-1 and anti-integrin antibodiesinhibits

HCEC migration
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To determine the relationships among Ln-5, integ@rand integrin
B1, HCEC migration on Ln-5 was examined in the pneseof antiee3 and 1
antibodies. As shown in Figure 9A, at 12 hoursraigsay, the anti-integrjiL
neutralizing antibodies significantly and dose-defently decreased cell
migration on Ln-5, whereas the anti-integu antibodies had a less
pronounced inhibitory effect. Compared with thereated control, cell
migration was inhibited by 45% in cultures treatath 20 pg/ml anti-integrin
B1, but only by 11% in cultures treated withig§ml anti-integrina.3. These
inhibitory effects continued for 48 hours after #ssay (Fig. 9B). Treatment
with neutralizing antibodies against beib andpfl had an inhibitory effect on
cell migration similar to that seen in cells treatath the antiBl antibody

alone (Fig. 9A, B).
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Figure 9. Effect of neutralizing antibodies against integré(c) andp1(V)
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on human corneal epithelial cell (HCEC) migrationl®0 ng/ml laminin-5
(Ln-5). HCEC were co-culured with or without g8/ml antia3- andp1-
antibodies for 48 hours in the Ln-5 coated trankwWéle results were
compared in terms of antibody concentration atd&after assay (A) and
time (B).o, anti-integrina3 alone; ¥ anti-integrinflalone;V, both together;

e control; *, significant p<0.05, One way ANOVA) difference compared with
the control.

As these data indicate that the functional updeggns of both Ln-5
and integrinfl are important for IGF-1-induced HCEC migratiore iastly
investigated the production of integfii in HCECs grown on Ln-5-coated
matrices, to determine whether cross-talk mightstekietween Ln-5 and
integrin 1. Interestingly, the IGF-1-induced production ofegrina3 or f1
was similar in the presence or absence of Ln-5.(E), indicating no

evidence of cross-talk.
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Figure 10. Integrina3 andB1 production in human corneal epithelial cells on
laminin-5. HCECs (2.2xfml) were seeded on 24-well plates coated with or
without 200 ng/ml laminin-5. After 12 hours, celshtes were immunoblotted

for the presence of3 orf1 integrins.
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V. DISCUSSION

The present study demonstrates that IGF-1 treatofdth€CECs can
induce the expression of matrix protein, Ln-5, #@aaell surface receptor,
integrinpl, and that these effects are associated withaseleHCEC
migration. The induction of Ln-5 and integfit by IGF-1 could be inhibited
by LY 294002, indicating the involvement of PI3-K{A signaling in this
response.

IGF-1 is a multifunctional peptide capable of praimg migration in a
wide range of normal and tumor cell typeincluding corneal epithelial cell.
Although IGF-1 expression has not yet been shovthdrcornel epitheliurm
vivo, expression of IGF-1R has been found in corneighelal cellsin vivo.**
Furthermore, we identified IGF-1 receptor exprassoHCECSs from a
paraffin-embedded human corneal tissue block, qdatily in the limbal area,
and noted IGF-1 production in cultured HCECs (chetishown). These
results suggest that IGF-1 may be a key cytokinelied in processes central
to maintenance of the corneal epithelial surfage fhigration and
attachment). Recently, Shanley et al. reporteditisalin, a peptide that is
closely related to IGF-1 and shares similar medmasiof signal transduction,
promotes HCEC migration through PI3 kinase signglirPI3 kinase is an

essential molecule in IGF-1-induced cell migratéon has anti-apoptosis
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signaling functions in various cell types, incluglicorneal epithelial celfS.
IGF-1 is also known to promote corneal epithel&l (CEC) migration via
substance P (SP¥!°However, the migratory effect of IGF-1 is thougibe
species- and cell type-specific. Nishida et alortgnl that IGF-1 stimulated
the migration of CECs with a synergistic effecS#t in rabbit***’and rat
models®”?*However, Murphy et al. reported that in dogs vgilontaneous
chronic corneal epithelial defects, IGF-1 did niatypa critical role in corneal
wound healing® Furthermore, McDermott et al. reported that topica
application of SP and/or IGF-1 did not modulateneat epithelial wound
healing in galactosemic rats. However, few prior studies have examined
corneal epithelial cell migration in primary humeeils. In this study, it was
demonstrated that IGF-1 has a migratory effect &8s, and that this effect
involves signaling via the PI3 kinase pathway, mattthe ERK, JNK or p38
pathways.

Cell migration to cover the defective area is ohthe most important
events in wound repair. Although many signalinghpagys related to cell
migration have been identified, the induction gjnsils that allow cells to
migrate is not well understood. Also, the pathwanesdifferent from each
cytokines or cell types. Andre et al. reported that wound healing assay,

IGF-1-induced colonic epithelial cell migration oced through multiple
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signaling pathways, including PI3-K, MAP kinase gmdtein kinase C
(PKC)+ and 8.3 However, in MCK-7 cells, the PI3-K pathway was
important for cellular motility, but the MAP kinapathway was not. The
function of MAP kinase was found to be essentiakli@ motile response to
MDCK canine epithelial cell® whereas pretreatment with the MEK1
inhibitor, PD 98059, was dispensable for the chewtat response of MCF-7
cells to IGF-1** Moreover, IGF-1-induced migration has been assediaith
focal adhesion kinase (FAK), PKC, c-Src and integjrand was also shown
to be cross-regulated by ECM- and integrin-relaigdals, including paxillin
and p130™°.**%"In CEC wound healing, Saika et al reported thaF PG
enhances CEC migration through the activation &\8PK in C57BL/6J
mice® And Sharma et al reported that cross-talk betvyp&8hand ERK1/2
activation is important in KGF and HGF induced Ci@ration/® Taken
together, our findings and the previous reporticate that activation of
intracellular signal pathways for cell migratiorifeis among various cell
types and species, and that these differences megsponsible for the
variations in activation of intracellular signaltpaays.

The cells of the basement membrane lay down mairikinfluence
cellular activities such as adhesion, motility,askeletal organization and

gene expressiofiLn-5, as a component of the basement membrane,
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facilitates epithelial cell migration and wound leg, and its expression may
be related to the spreading of corneal epithetiis 2>*° Previous studies
have reported that some tumor cell lines over-esgk@-5 via migration-
associated cytokines such as T@E-and IL-67? However, this is the first
study to report the induction of Ln-5 by a cytokineHCECs. Although Ln-5
was expressed in migrating HCECs in the absent®Fefl treatment,
addition of IGF-1 triggered further up-regulationLm-5. Western blotting
revealed that although IGF-1 treatment inducethadle components of Ln-5
in HCECSs, the33 andy2 chains were more prominently increased thamdhe
subchain. The3 subchain is generally believed to induce hemidssme
assembly and cell attachment through integrin augons. In contrast, the
subchain has been proven to be an important fact®ll migration®: Thus,
the stronger up-regulation of th2 subchain is consistent with the effect of
IGF-1 on migration, rather than adhesion.

A single matrix molecule may demonstrate oppodfects on cell
migration and adhesion when adhered to differdmgitins, due to differing
effects on matrix protein processing and assembit?**For example, the
matrix molecule Ln-5 supports cell migration anersiched at the front of
migrating cells, where it indirectly associateshathe reorganization of actin

cytoskeletor? However, Ln-5 also plays an essential role inchttaent of
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human corneal epithelial ceff8The mechanisms by which Ln-5 exerts two
apparently opposite activities are poorly undemdt@ome studies have
suggested that stable adhesion is mediated bwattens between Ln-5 and
integrina6p4,**°while cell migration is supported by interactidetween
Ln-5 and integrini3p1.3>* a3p1 integrin was reported to form complexes
with the transmembrane-4 superfamily (TM4SF) priteihese different
complexes were suggested to play different rolesiious cell type& *°
Tsuji et al. reported that A431 epidermoid cellsdarce a factor that
potentiates the motility of melanoma cells in381 integrin-dependent
manner’ Also, recent studies have shown that interactimteeen Ln-5 and
integrina’7p1 or integrinn2f1 may be involved in epithelial cell
migration®? Furthermore, Tai et al. reported that IGF-1-indLcell
migration was mediated I integrin activation and PI3-K/AKT signaling.
In the present study, we found tif§dtintegrin is also an important migration
associated factor in HCEC, ba® integrin is not. And th@1 integrin is also
induced by PI3-K like Ln-5.

There is significant evidence of cross-talk betwke-1-associated
PI3 kinase and extracellular matrix proteins inesal/cell types. Nguyen et al.
> reported that deposition of Ln-5 and ligation biegrin-activated P13

kinase signaling promoted cell adhesion and spngau et af° reported
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that fibronectin and some Ln isoforms could moduRk3 kinase/Akt activity
by altering integrin expression. Our results ditl provide evidence of cross-
talk between Ln-5 anfll integrin, but it remains possible that the indlice
Ln-5 proteins may affect PI3-K/AKT signaling viagtleross-regulated
integrin-dependent signaling pathways in HCECsoAddthough the Ln-5 did
not affect the production @l integrin,f1 integrin may be activated by cross-

linking with Ln-5 during the HCEC migration.
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V. CONCLUSION

In summary, we herein show for the first time tt@f-1 induces HCEC
migration by up-regulation of Ln-5 arfid integrin protein expression via the
PI3-K/AKT pathway, but not the MEK-ERK pathway. Timgluctions of Ln-5
andpl integrin by IGF-1 appeared to occur independeatid likely
contributed to IGF-1-induced cell migration. Futwerk will be required to

better understand the IGF-1-induced cytokine siggakithin the matrix.
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Abstract (in Korean)
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