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Laminin a3 chain, a functional key subunit of laminin-5, contains a large globular module (G module) at its
C-terminus, which consists of a tandem repeat of five homologous LG modules (LG1~5). Here, we show that a
recombinant a3LG4 and synthetic peptides containing syndecan binding motif within LG4 (A3G756) induced

keratinocytes motility and a MMP-9 expression in keratinocytes.

The A3G756-induced cell motility was inhibited

by an MMP-9 inhibitor and a neutralizing antibody of MMP-9, indicating the cell motility was dependent on an
MMP-9 activity. In addition, the A3G756-induced cell migration was also abolished by the presence of p38MAPK
inhibitor, but not by Erk MAPK inhibitor. Neutralizing antibody to integrin o5 as well as B1 could inhibit A3G756-
induced cell migration. These data showed that syndecan binding with laminin-5 «3LG4 module induced
keratinocyte migration, which was mediated by a set of molecules such as MMP-9, p38MAPK, and integrin o
5B1. These results suggest that the interaction between laminin and syndecan may have a significant role in

reepithelialization at wound healing.
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Materials and methods
1 Cell culture

Human primary keratinocytes were purchased
from Clonetics and maintained in keratinocyte-SFM
supplemented with EGF and bovine pituitary extracts
(Invitrogen Life Technologies). Keratinocytes were
used at the 2nd ~ 5th passage in the experiments.

2 Recombinant Proteins and Synthetic Peptide
Recombinant o3 LG4-5, LG4 and LG5 modules were

expressed as a chimera with human IgG Fc portion at

the C-terminus and purified as previously described with

a minor modification" ?

. Briefly, recombinant proteins
were expressed in 293 T cells by Ca-P transfection
After 24h, cells

were incubated with CHO medium (Invitrogen

kit (Invitrogen Life Technologies).

Life Technologies) for another 2 days, followed by
purification with protein A-Sepharose (Amersham-
Pharmacia Biotech).

3 Reagents

An anti-human MMP-9 monoclonal antibody (6-6B)
and a MMPs inhibitor (MMP-9/MMP-13 Inhibitor I,
444252) were purchased from Calbiochem.
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FITC-conjugated anti fibronectin antibody (#4470-2504)
was from Biogenesis. MAPKs inhibitors, SB203580
and PD98059, were from Calbiochem. The MMPs and
MAPKs inhibitor were dissolved in dimithyl sulfoxide
(DMSO). Heparin was from SEIKAGAKU KOGYO and
cycloheximide from Sigma Chemical Co. The protein
concentration is calculated by the BCA Protein Assay
Kit (Pierce). Purity of proteins was determined by
reducing 10% SDS-PAGE and Coomassie Blue staining.

The following function-blocking monoclonal antibodies
(mAbs) against integrin subunits were used: P1E6
against integrin o2; P1B5 against integrin o3; P1D6
against integrin ob; GoH3 against integrin o6. All of
them were obtained from chemicon, Temecula, CA. Rat
mAbl3 against integrin Bl was a kind gift from Dr. K.
M. Yamada (National Institute of Dental and Craniofacial

<

Research, National Institutes of Health, Bethesda, USA).

4 Colloidal Gold Phagokinetic Assay”

Cell migration induced by synthetic peptides was
examined by a phagokinetic track assay, as previously
described by Albrecht-Buehler. Briefly, cover slips (10
mm in diameter) were dipped in 1 % freshly prepared
bovine serum albumin (BSA) in distilled water and
then in 100% ethanol and were quickly dried with a
hair dryer. They were placed into 24-well tissue culture
plates. The BSA-coated cover slip was covered with
0.3 ml of Gold salt solution (0.01% of formaldehyde was
mixed in the solution (10% of 14.5mM HAuCl,, 58% of
H,0 and 32% of 36.5mM Na,CO,;) with boiling) and left
undisturbed for 1-2 h to let the gold salt particles settle.
Following PBS wash, the cover slips were kept at 4 C
in dMEM. Plates were rinsed once with PBS before use.
Approximately 3,000 cells were plated onto the wells and
allowed to adhere the cover slips for 30~60 minutes, the
peptide was added to medium to induce migration. The
cells were incubated for 12~24 h, washed and fixed in
10% formaldehyde in PBS for 10 min. Three randomly
selected and non-overlapping fields (x40) analyzed under
dark field optics and photographed with a CCD camera
(Model VB7010, KEYENCE) and by a NIH Image 1.60
program. The migration was detected as an area without
golf particle. The migration index (MI) represented the
ratio of the area consumed by cell migration tracks to a
whole area of the field.
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5 RT-PCR Analysis of MMP-9

After 24 h stimulation of recombinant proteins or
synthetic peptides, total RNA was prepared from cells by
RNAeasy kit (Qiagen GmbH).
from RNA (20 pug) with an oligo (dT) primer in a total

cDNA was synthesized

volume of 21 ul by SuperScript™ First-Strand Synthesis
System for RT-PCR (Invitrogen Life Technologies). cDNA
(1l for MMP-9 or 0.1 ul for GAPDH) was subjected
to PCR for amplification. In preliminary experiments,
we determined the optimal number of cycles within
the linearity of reactions for each PCR product. The
cycle number for MMP-9 was 30 cycles and GAPDH
was 25 cycles. The primers for PCR are: The primers
for PCR are: human MMP-9 (1715-2129nt, Genbank™
J05070), forward 5-AAGCTGGACTCGGTCTTTGAG
and backward 5-ACTGCAGGATGTCATAGGTC;
human GAPDH (292-885 nt, GenbankTM J04038),
forward 5-CCCATCACCATCTTCCAG and backward
5-CCTGCTTCACCACCTTCT. Using these primers,
PCR was performed by the Expand High Fidelity PCR
System (Roche Diagnostics) at 94C for 4 min followed
by individual cycles at 94C for 30s, 58°C for 30s, 727C for
1 min with an extension step of 7 min at 72°C at the end
of the last cycle. The products were separated on 1.5%
agarose gel. The bands were visualized with ethidium

bromide staining.

6 Gelatin Zymography

Keratinocytes (1.2x10" cells in 96-well dishes)were
seeded and incubated for 24h. Cells were starved
for 24h and treated in 50ul of fresh medium with
reagents. Conditioned media were recovered, and
lyophilized. The lyophilized samples were dissolved in
nonreducing sample buffer (6% glycerol, 1% SDS, and
0.004 % bromophenol blue) , and incubated in 37C water
bath for 10 min. Samples were loaded on a 10% SDS-
polyacrylamide gel containing 1 mg/ml gelatin (BioRad
CoLtd.) . The gel was run in Tris/glycine buffer for 2h
and then incubated in 2.5% Triton X-100 solution for 15
min twice to remove SDS. To detect gelatinase activity,
the gel was incubated in reaction buffer containing 50
M Tris-HCl (pH 7.4) , 0.2M NaCl, 5 mM CaCl, and 1
mM ZnCl, overnight at 37 C . The gelatinolytic activity
was visualized by staining with 0.1% (w/v) Coomassie
Brilliant Blue R-250, 10% (v/v) glacial acetic acid, and
30% (v/v) methanol and destaining with 10% (v/v)
acetic acid and 30% (v/v) methanol. Protease activity



AX X AT — RS Vol.15, 2007

was detected as translucent area in a Coomassie blue-
stained gel. The scanned results of gels were calculated
by NIH image 1.60. The values except time course
analysis were depicted as the ratio of the conditioned

media only as a control.

7 Immunostaing

HaCat cells (immortalized keratinocytes) seeded on
poly-D-lysine coated cover glass were fixed with 4%
paraormaldehyde/PBS and followed by incubation with
FITC-conjugated anti fibronectin antibody (Biogenesis)
at 1:200 for 1 h at room temperature. Photograph was

taken by Carl Zeiss LSM510 Confocal microscopy.
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recombinant proteins

A: Keratinocyte migration stimulated by recombinant laminin a3LG4-5 module. Keratinocytes were incubated on gold particle
coated cover slips without (a) or with (b) 10 pg/ml of the rec-LG4-5 module. After 24 hour stimulation, cells were fixed and
representative fields were photographed at x 40 under dark field optics.

B: Quantitation of the Phagokinetic track was calculated by measuring the Mls, using NIH Image 1.60. The data presented are

mean +/- S. D. of three independent experiments. *, p<0.05.

C: Dose-dependent manner of cell migration activity stimulated by recombinant LG4 modules. Keratinocytes were stimulated
for 24 h. Quantitation of the Phagokinetic track was calculated as above.
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Figure 2 ARNTF RERAWEEESIMN Y EL Y
A: Cell migration was stimulated by the synthetic peptides (192 ug/ml) for 12 hour. The
active peptide, ABG75aR- promoting migration was inhibited by heparin (30 ug/ml)

(column 75aR-Hep).

B: Keratinocytes were treated with 30 pg/ml of the scrambled peptide (S4) (a) or the
A3G756 (b) for 12 hours on colloidal gold coated cover slips, and photographed at x40.
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Figure 3 73X => aBLG4 and A3G756 (Z &3 MMP-Q MZEIREN .

A: MMP-9 activity induced by the recombinant LG4 modules (left) or the A3G756 (right). Keratinocytes
were incubated for 24 h. MMP-9 in the conditioned medium was analyzed by zymography (Upper). Lower,
pooled results of zymography analysis. S4, scrambled peptide.

B: The A3G756-mediated MMP-9 induction through an increase of mRNA. Keratinocytes were incubated
with 30 ug /ml of the A3G756 or the S4 peptide in the presence of cycloheximide (CHX) or heparin (Hep).

RT-PCR was performed as described in M&M.
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Figure 4 A3G756 | & 2:8EERIE IE MMP-9 & p38MAPK (Z4&k7E L TW 5 .

A: Dose-dependent cell migration. keratinocytes were incubated with various amounts of ASG756 for 12 h.

B: Time course of cell migration. Keratinocytes were incubated with 30ug/ml A3G756 (+) or S4 (-) for indicated periods. Data
presented are mean +/- S.D. of three non-overlapped fields from each cover slip.

C: Keratinocytes on gold particle-coated cover slips were incubated with the S4 or the A3G756 peptide (30ug/ml) for 12 h in
the presence of an MMP-9 neutralizing antibody (Ab) (20ug/ml), an MMP-9/-13 chemical inhibitor 444252 (inhibitor), 2mM,
or a mouse IgG as a control antibody (IgG) (20ug/ml).

D: Keratinocytes were incubated with 30ug/ml A3G756 in the presence of PD98053 (20uM) or SB203580 (30uM) for 12 h.
The value of the sample incubated with ASG756 was taken as 100%. Data are mean +/- S. D. of three independent

experiments.
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Figure 5 A3G756 ([C &L BEEIEA T T ) > BRI EHTLTWDB,

A: Keratinocytes were incubated with A3G756 in the presence of functional blocking antibodies. Mouse IgG for control (IgG),
integrin & (P1EB6), integrin a8 (P1B5), integrin & (P1D6), and integrin a6 (GoH3), and integrin Bl (rat 1gG2 antibody
mAb13). Data presented are mean +/- S.D. of three non-overlapped fields from each cover slip.

B: Fibronectin staining using HaCat cell with Carl Zeiss LSM510 Confocal microscopy. Original magnification, X100.
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