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Hepatic Stellate Cell Activation In Vitro: Cell Cycle
Arrest at G2/M and Modification of Cell Motility
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Abstract Hepatic fibrosis is a common response to chronic liver injury and is characterizedby increasedproduction
of extracellular matrix components, whose major part is produced by hepatic stellate cells activated by inflammatory
mediators to proliferate andmigrate into the injured regions. GRX cells are a model of hepatic stellate cells characterized
asmyofibroblasts bymorphological and biochemical criteria.We have recently shown that they respond to inflammatory
mediators and cytokines present in the concanavalin A-activated spleen cell supernatant (SCS) by quantitative changes in
the expression of intermediate filaments. The present study investigated the effects of SCS and TNF-a on the GRX cell
proliferation and on the organization of the actin cytoskeleton. SCS and TNF-a diminished the culture cell density, with an
increase of cell [3H]thymidine incorporation and of cellular protein content, indicating an arrest in the G2/M phase of
the cell cycle, which was reversible 48 h after removal of SCS. This effect was abrogated by dibutiryl-cAMP. Actin
cytoskeleton reorganization was observed after 24 h treatment, indicating increased cell motility. Our results suggest that
inflammation-dependent activation of stellate cells occurs in ordered interaction and coordination of proinflammatory
agents. The increase of cAMP levels activates the conversion of lipocytes intomyofibroblasts and increases the number of
cells that can participate in repair. Since cAMP retains cells in theG1 phase, cytokines of the TNF-a group are required for
cell proliferation inducing the entry into the S phase. The progression through the G2/M checkpoint is mediated again by
increased cAMP levels. J. Cell. Biochem. 90: 387–396, 2003. � 2003 Wiley-Liss, Inc.
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Liver tissue injury elicits a reparative re-
sponse involving production of inflammatory
mediators, activation of resident macrophages
and lymphocytes, and influx of exogenous in-
flammatory cells. In response to inflammation,
resident connective tissue cells that are in the
hepatic parenchyma designated ‘‘hepatic stel-
late cells’’ are activated and induced to prolifer-
ate. These phenomena are a hallmark of liver

response to injury, providing increased number
of myofibroblasts and intense production of
a cicatricial extracellular matrix. Conversely,
under non-inflammatory conditions, hepatic
stellate cells can be induced to store lipids and
express the lipocyte phenotype, serving as a
repository for lipid-soluble compounds in the
body, such as retinoids and steroids. These two
complementary and in large part mutually ex-
clusive functions of hepatic stellate cells are
orchestrated by hormones and cytokines that
can induce and favor expression of the former or
the latter phenotype [Pinzani and Gentilini,
1999].

Studies on the GRX cell line that represents
murine hepatic stellate cells have led us to
propose that quiescent hepatic stellate cells,
which are frequent in new-born mice liver and
more scarce in older vitamin-A replete animals,
have a typical myofibroblast phenotype similar
to other perivascular cells [Guma et al., 2001;
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Mermelstein et al., 2001]. This cell line has been
established from hepatic inflammatory fibro-
granulomatous reactions, which mobilize and
activate the adjacent stellate cells of the liver
parenchyma [Borojevic et al., 1985; Boloukhère
et al., 1993].Under standard culture conditions,
they express the myofibroblast phenotype with
morphological and biochemical aspects of the
hepatic parenchymal connective tissue cells
whose cytoskeleton contains vimentin, desmin,
glial acidic fibrillary protein (GFAP), and
a-smooth muscle actin (a-SMA) [Guma et al.,
2001]. Extensive cloning analysis has shown
that GRX cells display several phenotypes:
the slowly growing clones with a quiescent
phenotype, the fat-storing ones, and the highly
proliferating clones similar to the activated
myofibroblasts. The ratio among the different
clone types was maintained after repeated
selective recloning, indicating that the relative
distribution of different clones was regulated by
an intrinsic mechanism [Monteiro et al., 1995].
GRX cells can be induced in vitro to express
the lipocyte phenotype by retinoids or by high
levels of insulin, with an overall increase of lipid
storage [Margis and Borojevic, 1989; Borojevic
et al., 1990; Guaragna et al., 1991, 1992]. Under
such conditions, they decrease the proliferation.
Conversely, they can reduce the lipid content
in presence of compounds that increase cAMP
such as caffeine or theophylline (Borojevic, un-
published data). GRX cells are responsive to
pro-fibrogenic cytokines, and TGFb was shown
to induce an increase of collagen production
[Chiarini et al., 1994], whilst the induction of
the lipocyte phenotype is associated with a
decreased production of extracellular matrix
[Margis et al., 1992; Pinheiro-Margis et al.,
1992].

Hepatic fibrosis is associated with chronic
inflammation containing cell infiltrates with
activated lymphocytes, such as fibro-granulo-
matous reaction to schistosomal infection or re-
peated peritoneal injection of xenogenic serum.
Inflammatory mediators are expected to elicit
both connective tissue cell proliferation and
their migration either towards the source of in-
flammation such as granulomas in the former
model [Boloukhère et al., 1993; Lazou et al.,
1993], or bridging the major tissue sources of
connective tissue cells in perivascular areas,
such as formation of dissecting septa in the
latter experimental model [Bhunchet and
Wake, 1992].

In the present study, we have addressed the
question of the effect of lymphokines on the
two parameters that are modified in activated
hepatic stellate cells during establishment of
liver fibrosis: the increase of their number thro-
ugh enhanced proliferation or decreased apop-
tosis, and cell movement observed in migration
of activated cells towards the source of inflam-
matory agents and formation of fibrotic granu-
lomas or septa. We have used the in vitro model
of GRX cells, treated with the supernatant of
concavalin-A-stimulated spleen cells, rich in
pro-inflammatorycytokines,andwiththetumor
necrosis factor alpha (TNF-a that has been
recognized as one of the major mediators of
liver reaction to injury [Britton and Bacon,
1999]. Since both elicited an arrest at the G2/M
checkpoint of the cell cycle resulting in an
overall decrease of cell density, we also mon-
itored the effect of increased cellular cAMP
content, known to occur as a response to other
pro-inflammatory mediators. This treatment
was required and sufficient to override the G2/
M arrest, resulting in the efficient stellate cell
proliferation.

MATERIALS AND METHODS

Cell Cultures

GRX, C2C12, and 3T3 cell lines were obtained
from the Rio de Janeiro Cell Bank (PABCAM,
Federal University, Rio de Janeiro, Brazil).
For the proliferation studies, 104 cells/well were
seeded into 24-well culture plates; for the
flow cytometry analysis, we seeded 5� 105

cells/25 cm2 culture flask (Nunc, Roskilde,
Denmark). Cells weremaintained inDulbecco’s
medium (DMEM)with 2 g/l HEPESbuffer (both
fromSigmaChemicalCompany, St. Louis,MO),
supplementedwith5% fetal bovine serum (FBS)
(Cultilab, Campinas, SP, Brazil), pH 7.4, in a
humidified atmosphere with 5% CO2. In differ-
ent experimental series, the medium was
substituted 2 h after seeding by DMEM/FBS
containing 2, 5, or 10% spleen cell supernatant
(SCS), 50–100 U/ml murine TNF-a, or 0.4 mM
dibutiryl cAMP (both from Sigma).

Spleen Cell Supernatant

The SCS was prepared as described by
Neuner et al. [1994]. Briefly, murine spleens
were mechanically dissociated and homoge-
nized with a Pasteur pipette. The debris was
sedimented on ice, the supernatant was
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centrifuged, the cells resuspended in Gey’s
solution, and incubated on ice for 5 min. The
cells were harvested, washed, quantified, and
seeded 2� 106 cells/ml. Theywere incubated for
48 h in a medium containing concanavalin-A
(Sigma; 5 mg/ml). Cell cultures were centrifuged
and the supernatant was harvested, filtered,
and stored at �208C.

Quantification of Attached Cells
by Coomassie Blue

Cells were quantified after 1, 3, and 5 days of
culture as described by Margis and Borojevic
[1989] with small modifications. Cells that at-
tached to culture dishes after 2 h were con-
sidered as T0. The cells were fixed with 4%
paraformaldehyde inphosphate-buffered saline
(PBS), and stained with 0.2% Coomassie Blue
R-250 in 10% (v/v) acetic acid and 40% (v/v)
methanol. Subsequently, cells were washed to
remove the unbound dye, dried at room tem-
perature, and the adsorbed stain was eluted
with 1% SDS (378C, overnight). The eluted dye
wasquantifiedby spectrophotometryat 600nm.
Standard curves were prepared concomitantly
by plating cells in densities increasing from
104 to 105 cells/well.

[3H]Thymidine Incorporation

We used the method described by Kawada
et al. [1996]. Cell cultures (3 or 5 days old)
were incubated for 24 h with 2 mCi/ml
[methyl-3H]thymidine (ARC, Inc., St. Louis,
MO), rinsed with cold PBS, precipitated with
cold 10% tricholoacetic acid, washed, and dis-
solved in 0.1 N NaOH. Protein content was
monitored according to Peterson [1979], and the
incorporated DNA radioactivity by scintillation
counting.

Flow Cytometry Analysis

GRX, C2C12, and 3T3 cells were harvested by
trypsin, washed with cold PBS, fixed in 70%
ethanol, and stored at �208C. On the day of
analysis, cells were washed with PBS, treated
with DNase-free RNase, and stained with
100 mg/ml propidium iodide as described by
Lee et al. [1998]. DNAanalysiswas done using a
FACScan (Becton-Dickinson, San José, CA).

Actin Analysis by TRITC–Phalloidin

Cells grown on coverslips were fixed with 4%
paraformaldehyde in PBS for 15 min at room
temperature and permeabilized with 0.5%

Triton X-100. After washing, cells were reacted
with TRITC–phalloidin (3.3 mM, 1:100 dilution
in PBS, 20 min). The nuclear dye DAPI (both
fromSigma)was used at 0.1 mg/ml in 0.9%NaCl,
for 5 min as previously described by Mermel-
stein et al. [2001]. Coverslips were mounted
with Fluorsafe (Calbiochem, San Diego, CA).
Photographs were taken on Kodak Ektachrome
400HCfilmusing aNikonmicroscope equipped
with epifluorescence, using filter sets selective
for rhodamine and the blue-wave channel for
DAPI.

Statistical Analysis

Results were expressed as mean values of at
least triplicates. Statistical analysis was per-
formed using 2-way ANOVA. For post-hoc
testing, the Duncan test has been applied. All
analysis was performed with the SPSS statis-
tical package (SPSS, Inc., Chicago, IL).

RESULTS

GRX cells maintained in culture under stan-
dard conditions were fibroblast-like, organized
inparallel strands andwhirls. Like other cells of
the smooth muscle cell lineage, GRX cells had
low contact inhibition and overgrew after con-
fluence into typical ‘‘hills and valleys.’’

When GRX cell cultures were supplemented
with concanavalin-A-stimulated SCS that is
rich in pro-inflammatory cytokines, an unex-
pected inhibitory effect of the overall cell growth
was observed. Along the studied period, the
cell density decreased to approximately 60%
of the control (Fig. 1). A low concentration of
cytokines was required for this inhibition, since
the maximal inhibitory activity was observed
already at 2% SCS concentration (Fig. 1A). In
order to check the possible effect of concavalin-
A, present in SCS, wemonitored its effect in the
dilution found in 10% SCS (0.5 mg/ml), and we
observed no effect on the cell number (Fig. 1B).
Moreover, the supernatant of spleen cells pre-
pared under the same conditions but without
stimulation by concavalin-A had no effect on
the cell quantity (datanot shown). These results
are in accordance with the reported studies on
TNF-a effect on primary cultures of hepatic
stellate cells [Saile et al., 1999; Suzuki et al.,
2001].

In order to check whether the decreased cell
number was due to SCS effect on cell prolifera-
tion or apoptosis, we first monitored the [3H]
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thymidine incorporation into GRX cells under
the same conditions (Table I). As expected for
a lower cell number, the total [3H]thymidine
incorporation into SCS-treated cell cultures

was significantly reduced. However, the value
of cpm/cell was increased in the same cultures
as well as the protein content/cell (Table I).
These findings raised the question of the cell
cycle pattern in SCS-treated cells.

The flow cytometry analysis of DNA showed
that the SCS anti-proliferative effect was as-
sociated to a G2/M cell cycle arrest. In control
andconcavalin-supplementedcultures, thecells
in G2/M phase were a minor fraction, while in
SCS-treated cultures they turned to be the pre-
dominant one (Fig. 2A). This effect was specific
for hepatic stellate cells, since only a very faint
SCS effect was detected on C2C12myoblast cell
line, andno effectwas observed on3T3 cells that
have a short G2 phase (Fig. 2B,C, respectively).

It is known that TNF-a is one of the major
components of SCS, and its effect on the cell
cycle in primary hepatic stellate cell cultures
has already been reported [Saile et al., 1999],we
monitored whether its effect on the GRX cell
cycle was similar to the one observed for SCS.
We found that in the two concentrations as-
sayed (50 and 100 U/ml), the 24 h TNF-a
treatment had the similar effect on GRX cells,
retaining them in the G2/M phase of the cycle.
Figure 3 shows results with 50 U/ml TNF-a.

In view of the sensitivity of GRX cells to
agents that modify the cell cAMP content, and
the fact that an increase of intracellular cAMP
can override the G2/M arrest, we questioned
whether the apparent decrease of the GRX cell
proliferation under the studied conditions could
be reverted by modulation of cAMP levels. We
observed that the addition of db-cAMP to cul-
tures fully abolished theanti-proliferative effect
of TNF-a (Figs. 3 and 4).

In order to monitor whether the SCS-
mediated arrest in G2/M phase was reversible,
after 4 days of SCS treatment the GRX cells
were incubated in the standardmedium (Fig. 5).
Past 24 h of SCS removal, a decrease at G2/M
cells from 38.6% to 21.7% was observed, reach-
ing values close to the controls after 48 h.

Fig. 1. SCS effect on GRX cell density. A: SCS treatment: the
cell number at 2, 5, and 10% SCS treatments were significantly
reduced on the 5th day of culture, as compared to control
(P<0.01). B: Concanavalin A treatment: treated cultures were
not different from respective controls during the experimental
time. The cell number was determined by Comassie Brilliant
Blue technique as described atMaterial andMethods. The results
are representative of three experiments performed in triplicate,
standard errors (SE) were always 5% lower than their respective
means.

TABLE I. [3H] Thymidine Incorporation and
Protein Content on GRX Cells

cpm (per well) mg protein (per well) cpm/cell (10�3) mg protein/cell (10�4)

Control 4745.2� 47.4 97.5� 0.47 5.6� 0.06 1.15� 0.01
SCS 3036.5�105.5a 78.8�4.58a 6.5� 0.21a 1.70� 0.10a

Values represent the mean�SE of three cultures. The cell number were determined using a Neubauer
chamber.
aTreated cells are different from controls (P< 0.02).
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We further monitored the presence of apopto-
tic cells in the studied model. Under the used
conditions, the cell population that contained
DNA in quantities below the normal G0/G1
DNA content could not be detected, indicating
that only anegligible quantity of cells entered in
apoptosis. Accordingly, using theDAPI staining
of the nuclei, we detected no apoptotic figures in
the studied cultures (not shown).
The morphologic analysis of GRX cells ex-

posed to SCS or TNF-a, and in particular the

immunofluorescent staining of actin cytoskele-
ton, gave two types of information. No signs of
cell suffering were observed, in accordancewith
the full reversibility of the biological effect of the
assayed compounds on cell cultures. As pre-
viously described [Mermelstein et al., 2001], the
control cultures displayed cells with numerous
focal adhesions on the substrate and an elabo-
rate system of stress fibers anchored in these
well-defined focal adhesions, indicating a stable
distribution and organization of cells firmly
adherent to the substrate (Fig. 6A). Conversely,
both SCS- and TNF-a-treated cells had exten-
sive ruffling membranes with a dense periph-
eral actin-rich border indicating a frontal cell

Fig. 2. Cell-cycle analysis of GRX, C2C12, and 3T3 cells after
treatment with SCS. A: GRX cells: control cells, cells exposed to
ConA 0.5 mg/ml, and 2% SCS treated cells; (B) C2C12myoblasts,
control cells, and 2% SCS treated cells; (C) 3T3 fibroblasts:
control cells and 2% SCS treated cells. Cultures were incubated
for 5 days with or without 2% SCS. Flow cytometry was evolved
as described under Material and Methods. Values given
demonstrate percentage subdivision of total culture into distinct
cell-cycle phases. The results are representative of three experi-
ments accomplished in the same conditions.

Fig. 3. Cell-cycle analysis on GRX cells: treated with TNF-a
and/or db-cAMP. Semi-confluent GRX cells were treated with or
without TNF-a (50 U/ml), db-cAMP (0.4 mM), and TNF-a/db-
cAMP for 24 h. Flow cytometry was evolved as described under
Material and Methods. Values given demonstrate percentage
subdivision of total culture into distinct cell-cycle phases. The
results are representative of three experiments accomplished in
the same conditions.

Fig. 4. [3H] Thymidine incorporation onGRX cells treatedwith
TNF-a and/or db-cAMP. Semi-confluent GRX cells were treated
with TNF-a (50 U/ml) and or db-cAMP (0.4 mM) for 24 h. [3H]
Thymidine incorporation into DNA was assayed at 24 h, as
described under Material and Methods. Results are the mean�
SE of four cultures. Shown is a typical experiment repeated twice.
a¼Treated cells are different from controls (P<0.5).
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movement, and distant large focal adhesions at
the end of long pseudopodia (Figs. 6E and 7C). A
proportional decrease of an extensive crossed
net of stress fibers was observed. These aspects
of cytoskeleton are compatible with an intense
cell movement on the substrate. Moreover,
small cell clusters were formed (composed of
several cells creeping over the others) indicat-
ing that the cell–cell adhesion was stronger
than the cell–substrate one (Figs. 6C,D and
7A,B).

Taken together, these data indicate that SCS
andTNF-amodify simultaneously the cell cycle,
the cell movement, and substrate adhesion of
GRX cells in culture. The induction of an
increase in cell number comparable to that
observed in vivo required simultaneously an
increase of the intracellular cAMP levels.

DISCUSSION

The present study has shown that GRX cells
respond inacomplexmanner toactivationmedi-
ated by inflammatory factors present in super-
natants of concanavalin-A-stimulated SCS. A
similar effect was observed in cultures treated
with TNF-a only. These treatments modified
the cell cycle causing a strong but reversible
arrest in the G2/M phase, and altered their
adhesiononto thesubstrate, as shownbyamodi-
fication of their focal adhesions and actin cyto-
skeleton. The latter modification complements
the previously described ones concerning modi-

fication of intermediate filaments under the
similar experimental conditions [Guma et al.,
2001].

Hepatic stellate cells are activated in re-
sponse to liver injuries promoting tissue repair.
This response involves cell mobilization and
migration towards the lesion, cell proliferation,
and increased production of fibrotic extracellu-
lar matrix. Pro-inflammatory cytokines play an
important role in liver response to injury, and
previous studies have shown that they may
present both pro- and/or anti-fibrotic effects in
vivo, depending upon their dominant activity
and the intracellular signal-transducing path-
ways [Friedman, 1999]. In thepresent study,we
have dissected the coordination of TNF-a path-
way and the action of cytokines that increase
the intracellular cAMP levels.

The increased cell motility and, in particular,
the tendency to adhere and creep over other
cells, are representatives of the movement of
these cells in inflamed liver. They proliferate
and creep towards the granulomatous inflam-
matory foci in schistosomiasis,where the source
of antigens and lymphocyte populations are
concentrated, which become surrounded by
concentric layers of activated myofibroblasts
[Boloukhère et al., 1993; Lazou et al., 1993].
During the formation of septa in the serum-
induced fibrosis, they glide over pre-existing
activated stellate cells dissecting the parench-
yma [Bhunchet and Wake, 1992]. The actin
rearrangement observed in the present study
under the effect of SCS andTNF-a is compatible
with this in vivo behavior of stellate cells in liver
inflammatory reactions.

In the study of cell proliferation, a decrease of
the stellate cell number due to the G2/M arrest
was somewhat unexpected. An increase is ob-
served in vivo, in fibrotic reactions dominated
by lymphocyte-derived inflammatory agents,
such as schistosomal liver fibrosis or hepatic
septal fibrosis induced by xenogenic serum.
A similar G2/M arrest has been reported in
primary cultures of rat hepatic stellate cells.
Suzuki et al. [2001] reported an elevated
number of cells arrested in G2/M phase in the
early ‘‘activated’’ phase of cultures (3–4 days),
decreasing later on, as well as in subsequent
subcultures. Saile et al. [1999] described that in
‘‘quiescent’’ cultures (2 days) TGF-a or TNF-a
led to a significant shift of G1 cells into the G2
phase,whereasa shift toG1arrestwas observed
in later ‘‘activated’’ cultures (7 days). The latter

Fig. 5. Reversion of G2/M arrest on GRX cells. Cultures were
treatedwithorwithout2%SCS for 5days and for others 24or 48h
with free SCS DMEM. Flow cytometry was evolved as described
under ‘‘Material and Methods.’’ Values given demonstrate
percentage subdivision of total culture into distinct cell-cycle
phases. The results are representative of three experiments
accomplished in the same conditions.
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authors suggested that the arrest in the G2
phasefinallyresulted inapoptosis. Inourhands,
no signs of apoptosis were observed in flow cyto-
metry analysis of the cell cycle or in morpholo-
gical observation of DAPI-stained nuclei, and
the observed arrest was fully reversible. The
G2/M arrest that leads to apoptosis is charac-
teristic of cell mechanisms that prevent cell
replication uponDNAdamage, and this ismedi-
ated by protective molecular mechanisms such
as p53 or BRACA1 [Taylor and Stark, 2001;
Yarden et al., 2002]. Since genotoxic effect is not
expected to occur under the effect of lympho-
cyte-derived inflammatory mediators and we
have found no signs of apoptosis, the arrest of
hepatic stellate cells is potentially dependent
upon other, yet undetermined mechanisms.

Liver is a highly vascularized gland, and
inflammatory reactions are frequently associat-
ed with blood vessel pathology. This is particu-
larly the case of schistosomal liver disease, in
which the major pathogens are parasite’s eggs
embolized in the portal venous radiculi, and
worm secreta and excreta brought into the liver
by theportal bloodflow [GrimaudandBorojevic,
1986; Boloukhère et al., 1993]. Blood and vessel-
derived mediators participate in conjunction
with lymphokines in induction of a local inflam-
matory reaction. PDGF-BB, thrombin, and
endothelin-1 are examples of cytokines whose
effect on hepatic stellate cells has already
been described. While PDGF and thrombin
can stimulate stellate cell mitosis, it has also
been shown that they can generate second

Fig. 6. Effect of 5 days treatment with SCS on actin cytoskele-
ton. The actin distribution was revealed with TRITC–phalloidin
on control (A) and on treated cells (C,E). B,D,F: They show the
same cells labeled with the nuclear dye DAPI. At (A) and (B),
arrows indicate cells in cytokinesis. At (C) and (D) arrows show
several cells creeping over the others. At (E), the arrows indicate

the presence of cytoplasmic processes rich on actin, like
membrane ruffles. Cells were fixed with 4% paraformaldehyde
andpermeabilizedwith0.5%TritonX-100.Doublefluorescence
staining was performed as described in Material and Methods.
Original magnification 200�.
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messengers responsible for an inhibitory effect
on the same cells. Both cytokines stimulate
the synthesis and secretion of prostaglandins
(PGE2), which in their turn elevate cAMP
production [Mallat et al., 1996, 1998]. While
high cAMP levels can decrease phosphorylation
of transcription factors involved in cell prolif-
eration, and arrest cells in the G1 phase
[Kawada et al., 1999; Kronemann et al., 1999],
they can also override the G2/M arrest [Skla-
danowski, 2002; O’Reilly et al., 2003].

The ordered and coordinated action of the two
pathways is apparently required for an efficient
supply of cells for tissue repair in liver. The
temporary increase of cAMP may be initially
required for the decrease of lipid stores in
stellate cells expressing the lipocyte phenotype,
and their conversion into the reactive myofibro-
blast phenotype. Since this increase is associat-
edwith an arrest in theG1 phase, the activation

of the TNF-a pathway elicits the entrance in the
S phase, as shown by the increased thymidine
incorporation in our model under such treat-
ment. The progression through theG2/M check-
point requires again the presence of higher
cAMP levels, resulting in the overall cycling of
the cell population. The finely tuned interplay
among inflammatory agents and lymphokines
has to be provided for efficient activation of
stellate cells and repair of acute liver injury, as
well as for the subsequent control of excessive
fibrosis in chronic lesions.

Taken together, our studies on GRX cells
integrate the homeostasis and the responsive-
ness of hepatic stellate cells to the local and
systemic conditions. The insulin-mediated
cAMP controls maintain the expression of the
lipocyte phenotype, while the cAMP-increasing
compounds reduce the lipid accumulation in
GRX lipocytes, converting them to expression of

Fig. 7. Effect of 1-day treatment with TNF-a on actin
cytoskeleton. A,C: They show the actin distribution revealed
with TRITC–phalloidin. B,D: They show the same cells labeled
with the nuclear dye DAPI. At (A) and (B), arrows show several
cells creeping over the others. At (C), arrows indicate the

presence of cytoplasmic processes rich on actin, like membrane
ruffles. Cells were fixed with 4% paraformaldehyde and
permeabilized with 0.5% Triton X-100. Double fluorescence
staining was performed as indicated in Material and Methods.
Original magnification 200�.
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the myofibroblast phenotype. The associated
presence of pro-inflammatory cytokines can
further increase the number and activate the
myofibroblasts. The cross-talk between cyto-
kines and prostaglandin-cAMP pathways may
be mandatory for the reactivity of stellate cells
to local injury, as well as to their own proin-
flammatory potential, known to contribute to
controls of liver tissue inflammation [Efsen
et al., 2001]. These data are consistent with
the proposal that resident quiescent hepatic
stellate cells display an undifferentiated phe-
notype analogous to other perivascular cells of
the smooth cell lineages, such as pericapillary
pericytesand lung interstitial cells [Gumaet al.,
2001; Mermelstein et al., 2001]. They can be
induced to express alternative phenotypes,
activated towards the increased reactivity to
inflammatory mediators and increased pro-
duction of fibrous extracellular matrix, or to
accumulation of lipid stores and deposits of
lipid-soluble compounds such as retinoids and
steroids.
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