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We studied the effect of lysophosphatidic acid (LPA)
n collagen gel contraction by cultured rat hepatic
tellate cells (HSCs) in association with the function of
ho-kinase, one of the target molecules of small
TPase Rho. Binding studies showed a single class-
inding site of LPA on HSCs. LPA enhanced the con-
raction of a collagen lattice seeded with HSCs. LPA
ncreased the number of HSCs with polygonal mor-
hology that contained actin stress fibers, and en-
anced the phosphorylation of myosin light chain and
he assembly of focal adhesion kinase and RhoA
round fibronectin-coated beads seeded on HSCs. The
lectric cell-substrate impedance sensor system
howed that LPA enhanced adhesion of HSC to extra-
ellular substrate. All the effects of LPA were sup-
ressed by Y-27632, Rho-kinase inhibitor. These data
upport the notion that LPA is involved in modulating
SC morphology, its attachment to surrounding ex-

racellular matrix and its contraction by a mechanism
nvolving Rho-kinase. © 2000 Academic Press

Key Words: hepatic stellate cells; collagen gel con-
raction; lysoposphatidic acid; Rho-kinase; focal adhe-
ion; actomyosin-interaction; electric cell-substrate
medance sensor.
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ells, lipocytes, or fat-storing cells) are located in the
erisinusoidal space of Disse, surrounding the sinu-
oids with numerous dendrite-like processes (1). They
ave several physiological functions, other than stor-
ge and metabolism of retinoid and production of ex-
racellular matrix proteins (2). They express several
ytoskeletal proteins and corresponding motor pro-
eins, and contain membrane receptors for several
inds of vasoactive agents. HSCs have been shown to
e contractile in response to these agents, suggesting
hat they play a role in modulating portal blood flow
nd in contraction of fibrous septa (3). HSCs are the
ain producers of type I collagen and participate in

emodeling of the extracellular matrix.
Lysophosphatidic acid (LPA) is a product of phospho-

ipid metabolism. It is produced and released into blood
nd/or other biological fluids mainly by activated plate-
ets during blood-clotting. LPA is produced by various cell
ypes and exerts diverse biological effects on a variety of
ells, including induction of proliferation, contraction,
nd/or migration (4, 5). Production of LPA is increased in
any pathological conditions (6–9). Exogenous LPA

inds to surface G protein-coupled receptors and its bio-
ogical activities are mediated in part by the cytosolic
mall GTPase Rho. This modulates cell morphology by
rganizing the actin cytoskeleton and regulates several
ctomyosin-dependent cellular processes (10, 11). Among
he target molecules of Rho, Rho-kinase (12) (termed also
OCK (isoforms I (13) and II (14)), or ROKa (15)) has
een recently shown to participate in the induction of
ocal adhesions and stress fibers in Swiss 3T3 cells (16),
ontraction of smooth muscle by mediating calcium sen-
itization (17, 18), and tumor invasion (19).
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ffect on remodeling of the extracellular matrix by
hese cells remain to be fully elucidated. Thus, in this
aper, we studied the role of Rho-kinase on LPA-
ediated contraction of a collagen gel and on the role of

he actomyosin system in cell-matrix interaction and
el contraction.

ATERIALS AND METHODS

Materials. Dulbecco’s modified Eagle medium (DMEM) and Dul-
ecco’s phosphate buffered saline (2) [PBS(2)] were provided by
issui Pharmaceutical Co. (Tokyo, Japan). Twenty-four-well un-

oated plastic culture plates were purchased from Falcon (Lincoln
ark, NJ); culture chamber slides, from Nunc Inc. (Naperville, IL);

etal calf serum (FCS), from GIBCO (Gaithersberg, MD); and LPA
L-a-lysophosphatidic acid, oleoyl), bovine serum albumin (BSA) and
bronectin, from Sigma Chemical Co. (St. Louis, MO). [3H]LPA (spe-
ific activity, 1850 GBq/mmol) was a product from NEN Life Science
roducts, Inc. (Boston, MA). Y-27632 [(R)-(1)-trans-N-(4-pyridyl)-4-

1-aminoethyl)-cyclohexanecarboxamide] (17) was kindly provided
y Yoshitomi Pharmaceutical Industries Ltd. (Osaka, Japan), and
issolved with DMEM. The following antibodies were shown to be
onospecific by Western blot analysis using goat anti-rabbit immu-
oglobulin (Ig) conjugated with peroxidase or rabbit anti-mouse Ig
onjugated with peroxidase (Amersham International plc; Bucking-
amshire, England): anti-focal adhesion kinase (anti-FAK) and anti-
hoA antibodies purchased from Santa Cruz Biotechnology (Santa
ruz, CA). A monoclonal antibody against phosphorylated serine 19
f myosin regulatory light chain (anti-MLC-pS19) was previously
escribed (20). Tetramethylrhodamine isothiocyanate (TRITC)-
abeled phalloidin, TRITC-conjugated goat anti-mouse IgG antibody
nd fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgG an-
ibody were obtained from Sigma.

Animals. Male Sprague-Dawley rats (300 to 400 g; Shizuoka
aboratory Animal Center, Shizuoka, Japan) were fed a commercial
elleted diet and water ad libitum as previously described (21), and
sed in all the experiments. All animal study protocols conformed to
ational Research Council criteria for humane care.

Cell isolation and culture. HSCs were isolated from the rats as
reviously described (22). The cells were seeded on uncoated plastic
ulture dishes and cultured in DMEM containing 10% FCS. The
edium was changed 24 h later and then every other day. The

onfluent cells were subcultured 10 days after seeding and used in
he experiments.

LPA binding assay. Binding of LPA to HSCs was examined as
reviously described (23), with some modifications. The cells were
eeded on 24-well uncoated plastic culture plates at a starting den-
ity of 2.5 3 104 cells/cm2, and cultured in DMEM containing 10%
CS for 24 h, in DMEM containing 0.5% FCS for 18 h, and then in
erum-free DMEM for 6 h. The cells were rinsed twice with 500 ml of
ce-cold binding buffer (120 mM NaCl, 3 mM KCl, 1.2 mM MgSO4,
.2 mM KH2PO4, 1 mM CaCl2, 0.5 mM CuSO4, 10 mM glucose, 25
M Hepes [pH 7.4], 0.1% BSA). The cells were incubated for 120 min

t 4°C in 200 ml of binding buffer containing various concentrations
f [3H]LPA, ranging from 1028 to 1026 M. Reactions were terminated
y aspirating the buffer, and the cells were rapidly rinsed with 500
l of cold binding buffer four times to remove unbound [3H]LPA. The
ells were solubilized in 1 N NaOH, and the radioactivity was mea-
ured as total binding in 2 ml of scintillation fluid in a liquid scin-
illation counter. Nonspecific binding was determined by counting
he radioactivity bound to the cells incubated similarly with [3H]LPA
n the presence of 100-fold excess amount of cold LPA. Specific
inding was calculated by subtracting the nonspecific binding from
73
f LPA were calculated by a nonlinear least-square curve fitting.

Collagen gel-contraction assay. Contractility of HSCs was evalu-
ted using collagen gel lattices on 24-well culture plates as described
reviously (24, 25), with some modifications. Wells were filled with
ulbecco’s PBS(2) with 0.02% glucose (PBS) containing 1% BSA for
t least 1 h at 37°C, then washed twice with PBS and air dried. Four
arts type I collagen (Nippon Meat Packers, Osaka, Japan), 5 parts
3 DMEM and 1 part 0.2 M Hepes were combined at 4°C, resulting
n a final collagen concentration of 1.2 mg/ml. The collagen solution
as poured into the wells, and incubated for 1 h at 37°C to allow
elation.
HSCs were layered on top of the formed lattices at a starting

ensity of 1.5 3 105 cells/cm2, and cultured in DMEM with 10% FCS
or 72 h, in serum-free DMEM for 5 h, and then in DMEM with or
ithout 1027 to 1024 M of Y-27632 for an hour. LPA was added to the

ulture media at a concentration of 1027 to 1025 M, just before the
attices were detached by gentle circumferential dislodgement of the
attice using a 200 ml micro-pipette tip. Contraction of the lattices
as serially monitored as a change in lattice diameter, and the

attice area was calculated.

F-actin staining. HSCs were plated on culture chamber slides at
starting density of 2.5 3 104 cells/cm2. After a 72-h culture in
MEM with 10% FCS and a 5-h culture in serum-free DMEM

ollowed by a 1-h culture in DMEM with or without 1025 M of
-27632, 1025 M of LPA was added to the medium. After a 30-min

ncubation with LPA at 37°C, the cells were washed, fixed in PBS
ontaining 4% paraformaldehyde, then treated with Triton X-100.
or visualization of F-actin, the cells were stained overnight with
RITC-labeled phalloidin. The samples were observed by fluores-
ence microscopy with photographic recording of the data.

Immunoblotting for phosphorylated myosin light chain. HSCs
ere plated at a starting density of 1.5 3 105 cells/cm2. After a 72-h

ulture in DMEM containing 10% FCS and a 5-h culture in serum-
ree DMEM followed by a 1-h culture in DMEM with or without 1025

of Y-27632, 1025 M of LPA was added to the medium. Ten minutes
ater, the cells were harvested. Protein content was determined by
io-Rad Protein Assay (Bio-Rad Laboratories, Richmond, CA). After
oiling in sample buffer (62.5 mM Tris–HCl [pH 6.8] containing 1%
odium dodecyl sulfate (SDS), 10% glycerol, 2% 2-mercaptoethanol
nd 1 mM orthovanadate) for 5 min, identical amounts of protein
ere separated by SDS–polyacrylamide gel electrophoresis (PAGE)

15% acrylamide), and transferred to a sheet of polyvinylidene diflu-
ride (PVDF) membrane (Amersham). To block nonspecific binding,
he membrane was soaked in blocking agent derived from skim milk
Block Ace; Yukijirushi Co., Ltd., Tokyo, Japan) for 1 h at room
emperature. Then, it was incubated with anti-MLC-pS19 overnight
t 4°C. Incubation with secondary antibody was performed for 2 h at
oom temperature. Immunoreactive proteins were visualized using a
hemiluminescence kit (Amersham), and recorded in a chemilumi-
escence recording system (LAS 1000; Fuji-film, Tokyo, Japan).

Seeding of fibronectin-coated beads and immunocytochemistry.
atex beads (mean diameter, 10 mm; Polysciences, Inc., Warrington,
A) were coated with ligands as previously described (26, 27).
riefly, fibronectin or BSA was dissolved at a concentration of 0.1
g/ml in 10 mM Tris–HCl [pH 8.0] containing 2 M LiBr and 1 mM

ithiothreitol. Latex beads were incubated in the mixture at a con-
entration of 107 beads/ml for 1 h at 37°C, and then dialyzed against
00 volumes of 10 mM acetate [pH 5.5] containing 0.4 mM dithio-
hreitol.

HSCs were plated on culture chamber slides at a starting density
f 2.5 3 104 cells/cm2. After 72 h of culture in DMEM with 10% FCS
nd a 5-h culture in serum-free DMEM followed by a 1-h culture in
MEM with or without 1025 M of Y-27632, LPA at a final concen-

ration of 1025 M or vehicle was added to the culture medium. Soon
fter, the beads were seeded on the cells at a cell-to-bead ratio of 1:2.
fter a 30-min incubation with the beads at 37°C, the cells were
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riton X-100. Then, they were incubated with anti-FAK or anti-
hoA overnight, followed by incubation with TRITC or FITC-
onjugated secondary antibodies overnight, respectively. The sam-
les were observed by fluorescence microscopy with photographic
ecording of the data.

Evaluation of cell adhesion to extracellular substrate. Cell adhe-
ion to extracellular substrate was evaluated by the electric cell-
ubstrate impedance sensing system (ECIS; Applied BioPhysics,
nc., Troy, NY) as previously described by Giaever and Keese (28).
riefly, cells were cultured on a small gold electrode (area, 1024 cm2)
eposited on a tissue culture vessel. A small alternating current
ignal (1 mA) at a frequency of 4000 Hz was passed between the small
lectrode and a larger counter electrode (area, 1021 cm2) placed at a
istance. The voltage between the two electrodes was recorded.
HSCs were plated at a starting density of 2.5 3 104 cells/cm2. After
24-h culture in DMEM containing 10% FCS and a 6-h culture in

erum-free DMEM followed by a 40-min culture in DMEM with or
ithout 1025 M of Y-27632, 1025 M of LPA was added to the medium.
esistance, which reflects the extent of cell-substrate adhesion, was
onitored as described previously (29). The resistance was normal-

zed as a ratio to the initial resistance measured just before the
ddition of Y-27632.

Data analysis. Data were given as the mean and the standard
rror of the mean. The statistical analysis of the results was per-
ormed using the paired Student’s t test.

ESULTS AND DISCUSSION

We first examined the binding of LPA to HSCs. In
reliminary experiments, [3H]LPA bound to HSCs in a

FIG. 1. Equilibrium binding of [3H]LPA to cultured rat HSCs.
A) Saturation experiments were carried out for 120 min with three
ndependent cultures; a typical result is shown. Each point is the

ean value of triplicate determinations. Open square, total binding;
pen circle, nonspecific binding; closed square, specific binding. (B)
catchard plots of the data presented in A.
74
ime and temperature-related manner, and maximal
pecific binding reached a plateau at 120 min after the
ddition of LPA. Accordingly, the cells were incubated
or 120 min in all experiments. Because it has been
eported that LPA is degraded to free fatty acids when
ncubated with membrane preparations, in our exper-
ments to measure binding of LPA to HSCs, we added
uSO4 to the reaction mixture to inhibit the degrada-

ion of LPA (22). As shown in Fig. 1, HSCs exhibited
aturable binding of LPA. By Scatchard analysis,
SCs showed a single class-binding site for LPA with
Kd of 7.8 3 1027 M and a Bmax of 5.2 3 107 sites/cell.
he half-maximal binding of [3H]LPA to HSCs was
alculated to be 2 3 1027 M. This value is one-rank
igher in order compared with that in the study using
euronal cells (30). LPA receptors have been cloned as
zg-1 (31)/Edg-2 (32), Edg-4 (33), and Edg-7 (34) and
eported to couple to at least three distinct G proteins:
q, which links the receptor to phospholipase C; Gi,
hich mediates activation of Ras-MAPK pathway; and
12/13, which mediates Rho activation (4). However, it

emains to be elucidated which type(s) of receptors is
xpressed in HSCs and is responsible for LPA-
ediated biological activities.
We further examined the effects of LPA on the ca-

acity of HSCs to contract collagen gels. This proce-
ure is considered to be an in vitro equivalent of tissue
ontraction occurring during wound healing (24). As
hown in Fig. 2A, the lattices seeded with HSCs were
ontracted over time after dislodgment from the wall
ven in the nontreated control. When LPA was added
o the culture media, the contraction of the lattices was
nhanced in a dose-related manner. When the cells
ere incubated with Y-27632, a specific inhibitor of
ho-kinase, contraction of the lattice was inhibited in a

FIG. 2. Changes in area of collagen lattices seeded with rat
SCs. (A) Various concentrations of LPA were added to the culture
edia at the time of lattice dislodgement: E, control; �, 1027 M of
PA; F, 1026 M of LPA; and }, 1025 M of LPA. (B) Various concen-
rations of Y-27632 were added to the culture media an hour before
attice dislodgement: E, control; ‚, 1027 M of Y-27632; and L, 1026 M
f Y-27632. (C) Various concentrations of Y-27632 were added to the
ulture media an hour before addition of 1025 M of LPA and lattice
islodgement: }, LPA; ;, LPA 11027 M of Y-27632; Œ, LPA 1 1026

of Y-27632; ■, LPA 1 1025 M of Y-27632; and ., LPA 1 1024 M of
-27632. Data are presented as mean values with standard errors of

hree determinations.
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f LPA added (Figs. 2B and 2C). HSCs cultured in
erum-free DMEM containing 1024 M of Y-27632 for

h were 100% viable as determined by the trypan
lue-exclusion test. When the lattices seeded with the
ells were incubated in serum-free DMEM with or
ithout 1024 M of Y-27632 for 7 h and then in DMEM
ith 10% FCS for 24 h, the contraction of the lattices
fter the addition of LPA did not differ between the
roups treated or untreated with 1024 M of Y-27632
data not shown). Therefore, Y-27632 at the concentra-
ions used in this study is not cytotoxic to the cells and
ts inhibitory effect is fully reversible. LPA is a stimu-
ator of Rho (4, 5) and Rho-kinase acts downstream of
ho (11), Thus, based on our results, we postulate
ho-kinase is involved in LPA-mediated enhancement
f gel-contraction by HSCs. It is speculated that cumu-
ative traction exerted by the cells on collagen fibrils
ithin the collagen gel would lead to rearrangement of

he matrix (24). However, molecular mechanisms in-
olved in rearrangement of the extracellular matrix, as

FIG. 3. Fluorescent staining of rat HSCs with rhodamine-
onjugated phalloidin for actin stress fibers. (A) The cells were cul-
ured in DMEM containing 10% FCS, and then in serum-free DMEM
or 5 h followed by an hour culture in DMEM with or without 1025 M
-27632. Then, they were cultured for further 30 min after the
ddition of 1025 M of LPA to the media. Control, nontreated cells; Y,
ells in media with Y-27632 alone; LPA, cells in media with LPA
lone; Y1LPA, cells in media with Y-27632 and LPA. White bar: 50
m. (B) Percent of cells showing evident stress fibers for each group
resented in A. Data are presented as mean values with standard
rrors of three experiments. *P , 0.05 compared with control; †P ,
.05 compared with Y.
75
ell as intracellular signaling events occurring during
ontraction remain to be established.
Some serum-deprived control HSCs were polygonal

n shape and contained actin stress fibers (Fig. 3A). In
SCs treated with 1025 M of LPA for 30 min, the
ssembly of stress fibers was more prominent than in
he control cells. When HSCs were incubated with 1025

of Y-27632 for an hour, they shrank, became round
nd had fewer stress fibers. However, when 1025 M of
PA was added to the culture medium after preincu-
ation with Y-27632, some of the cells regained their
olygonal morphology and showed actin fibers. The
ercent of cells with evident stress fibers is shown in
ig. 3B for the groups presented in Fig. 3A, and was
hown to be significantly increased in cells treated with
PA as compared with untreated control and de-
reased in those treated with Y-27632. When LPA was
dded to the culture medium of HSCs preincubated
ith Y-27632, the number of cells with stress fibers
as significantly increased as compared with cells in-

ubated with Y-27632 only. These data suggest that
PA and Y-27632 alter HSC morphology and cytoskel-
tal organization by inducing a dynamic reorganiza-
ion of actin filaments.

To study whether contractility of HSCs was associ-
ted with increased a-smooth muscle actin level, we
erformed Western blot analysis on cell lysates. Treat-
ent with 1025 M of LPA and/or 1025 M of Y-27632 for

4 h did not affect concentration of a-smooth muscle
ctin in HSCs (data not shown). Thus, the transforma-
ion from G-actin to F-actin may be induced without
hange in the total actin protein expression in HSCs
timulated by LPA. Moreover, LPA and Y-27632
howed stimulatory and inhibitory effects, respec-
ively, on phosphorylation of MLC, a key pathway for
ctomyosin interaction (Fig. 4). The signal inducing
ctomyosin interaction is transduced through Ca21/
almodulin-dependent myosin light chain kinase (35),
r Rho-kinase (36); the former directly phosphorylates
LC and the latter enhances phosphorylation of MLC

y regulating myosin phosphatase. Our data support
n involvement of the Rho-kinase pathway.

FIG. 4. Western blot analysis of phosphorylated MLC in rat
SCs. The cells were cultured in DMEM containing 10% FCS for
2 h and in serum-free DMEM for 5 h followed by an hour culture in
MEM with or without 1025 M Y-27632. Then, 1025 M of LPA or
ehicle was added to the medium, and the cells were harvested 10
in later. A representative immunoblot from three independent

xperiments is presented. Control, nontreated; Y, treated with
-27632 alone; LPA, treated with LPA alone; Y1LPA, treated with
-27632 and LPA.
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To elucidate the effect of LPA on the HSC attach-
ent to extracellular matrix, we studied the intracel-

ular movement of signal peptides related to focal ad-
esions, i.e., FAK and RhoA, and the cellular adhesion
o the extracellular substrate using ECIS. Focal adhe-
ions, to which actin stress fibers attach, transmit cel-
ular tension to the extracellular matrix. When
bronectin-coated beads were seeded on HSCs, some
SCs showed clustering of FAK and/or RhoA around

he beads (Fig. 5A). When albumin-coated beads were
eeded on the cells as a negative control, such cluster-
ng was not elicited (data not shown). Figure 5B shows
he percent of cells with clustering of FAK or RhoA to
he circumference of the fibronectin-coated beads. In
he cells treated with 1025 M of LPA for 30 min, the
ercent of cells with clustering of FAK or RhoA was
igher than that in the untreated control, whereas it
as decreased in the cells pretreated with 1025 M of
-27632. The decrease in the percent caused by

FIG. 5. Immunocytochemistry for FAK and RhoA of rat HSCs
eeded with fibronectin-coated beads. The cells were cultured in DMEM
ontaining 10% FCS, and in serum-free DMEM for 5 h followed by an
our culture in DMEM with or without 1025 M Y-27632. Then, the
eads were seeded on the cells followed by an additional 30-min culture.
n some groups, 1025 M of LPA was added to the media at the time of
ead seeding. (A) Closed arrows indicate the beads with the accumula-
ion of FAK or RhoA to its circumference in nontreated control cells; and
pen arrows, the beads without the accumulation of FAK or RhoA.
hite bar represents 30 mm. (B) Percent of cells with clustering of FAK

r RhoA to the circumference of the beads. Data are presented as mean
alues with standard errors of three experiments. Control, nontreated;
, treated with Y-27632 alone; LPA, treated with LPA alone; Y1LPA,

reated with Y-27632 and LPA. *P , 0.05 compared with control;
P,0.05 compared with Y.
76
ddition of LPA. LPA elicits the recruitment of FAK to
ocal adhesions (37) and RhoA to subplasmalemma
38). It was also reported that Rho-kinase contributes
o formation of focal adhesion (16) and further activa-
ion of Rho (39). Based on these observations and find-
ngs described in this communication, we suggest that
ho-kinase is involved in LPA-induced formation of

ocal adhesions and recruitment of FAK and RhoA.
In the electric cell-substrate impedance sensing sys-

em (ECIS), the voltage between a small gold electrode
eeded with cells and a larger counter electrode placed
t a distance, is measured on charging a constant small
lternating current. Because cell membrane has a very
igh impedance, the attachment of cells to the small
lectrode causes the blockage of electric flow, resulting
n an increase of the impedance. Thus, the obtained
esistance reflects the cell-attached area of the elec-
rode. Besides, ECIS can monitor the cellular attach-
ent over time. In the present experiment, we applied
CIS for the examination of the adhesion of HSCs for

he first time. HSCs were seeded loosely on the elec-
rode. The initial resistance levels measured just be-
ore the addition of reagents were similar for all the

easurements, suggesting that the cells were seeded
n the electrode at a similar density in each determi-
ation. Figure 6 shows the change of resistance mea-
ured by ECIS in HSCs treated with LPA and/or
-27632. The normalized resistance was significantly

ncreased in the cells treated with LPA compared with

FIG. 6. Changes of resistance determined by ECIS in rat HSCs
reated with LPA and/or Y-27632. When HSCs were cultured in
MEM with or without 1025 M of Y-27632 for 40 min, 1025 M of LPA
as added to the media. A typical representative tracing from four

eplicate experiments is presented. In all the measurements, the
nitial resistance measured just before the addition of Y-27632 was
anging from 3000 to 3500 V. Ordinate represents the resistance
ormalized as a ratio to the initial resistance measured just before
he addition of Y-27632. Control, nontreated; Y, treated with
-27632 alone; LPA, treated with LPA alone; Y1LPA, treated with
-27632 and LPA.
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ells treated with Y-27632. When LPA was added to
SCs preincubated with Y-27632, the resistance was

ncreased compared with the cells incubated with
-27632 only. These results suggest that adhesion of
SCs to extracellular substrate is augmented with the
PA treatment, while it is suppressed in the presence
f Y-27632.
Recently, attention has been paid to the role of plate-

ets in the pathogenesis of liver injury. The activation
f platelets was noted in patients with acute or chronic
iver disease (40, 41). In the rat hepatic allograft pres-
rvation injury, prolongation of cold preservation or
ewarming before reperfusion accelerated liver injury
n concordance with the increase of activated and de-
ranulated platelets which adhered to endothelial cells
42). It has been reported that the serum level of LPA
eached a range of 2 to 20 mM in the process of blood-
lotting (5, 43). In patients with several kinds of can-
ers, plasma levels of LPA were elevated to levels
omparable to that of serum (44, 45).Thus, the concen-
rations of LPA used here are considered to occur in
ivo, although the physiological and/or pathological
oles of LPA in vivo should be further investigated.

From our observations, it is possible to consider that
PA enhances the tension of cultured HSCs, resulting

n the enhancement of the contraction of collagen gel
attices. In conclusion, LPA can enhance the remodel-
ng of collagen matrix by HSCs, in a manner support-
ng the involvement of Rho-kinase through modulation
f cellular morphology and attachment to extracellular
atrices.
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