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ABSTRACT
The activation of hepatic stellate cell (HSC), from a quiescent cell featuring cytoplasmic lipid droplets to a proliferative myofibroblast, plays an
important role in liver fibrosis development. The GRX line is an activated HSC model that can be induced by all-trans-retinol to accumulate
lipid droplets. Resveratrol is known for activating Sirtuin1 (SIRT1), a NADþ-dependent deacetylase that suppresses the activity of peroxisome
proliferator-activated receptor gamma (PPARg), an important adipogenic transcription factor involved in the quiescencemaintenance of HSC.
We evaluated the effects of 0.1mM of resveratrol in retinol-induced GRX quiescence by investigating the interference of SIRT1 and PPARg on
cell lipogenesis. GRX lipid accumulation was evaluated through Oil-red O staining, triacylglycerides quantification, and [14C] acetate
incorporation into lipids. mRNA expression and protein content of SIRT1 and PPARg were measured by RT-PCR and immunoblotting,
respectively. Resveratrol-mediated SIRT1 stimuli did not induce lipogenesis and reduced the retinol-mediated fat-storing capacity in GRX. In
order to support our results, we established a cell culture model of transgenic super expression of PPARg in GRX cells (GRXPg). Resveratrol
reduced lipid droplets accumulation in GRXPg cells. These results suggest that the PPARg/SIRT1 ratio plays an important role in the fate
of HSC. Thus, whenever the PPARg activity is greater than SIRT1 activity the lipogenesis is enabled. J. Cell. Biochem. 116: 2304–2312,
2015. © 2015 Wiley Periodicals, Inc.
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Liver fibrosis results from chronic hepatic damage and involves
the abnormal accumulation of the extracellular matrix

proteins. Advanced stage of liver fibrosis distorts the hepatic
architecture by forming fibrous scars. This situation may lead to
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cirrhosis, portal hypertension, and hepatic failure [Bataller and
Brenner, 2005].

The hepatic stellate cells (HSC) activation, from a quiescent cell
featuring vitamin A stored on lipid droplets to a proliferative
myofibroblast, remains among the most informative discoveries on
understanding themechanistic basis of liver fibrosis progression and
regression [Friedman, 2008]. HSC activation is a highly pleiotropic
process by which phenotypic changes require the global reprogram-
ming of cell gene expression that must be orchestrated by long-term
changes in the expression and/or activity of key transcription factors
[Cheng et al., 2007]. Strategies for reducing liver fibrosis include the
induction of activated HSC apoptosis and the reversion of activated
HSC to the quiescent vitaminA-storing phenotype [Friedman, 2008].
The GRX cell line was established from an hepatic fibre granuloma
induced by Schistosoma mansoni infection in C3H/HeN mice. These
cells are a useful tool for liver fibrosis study and represent a HSC
model that expresses the activated myofibroblast phenotype. The
GRX cells can be in vitro induced to express the quiescent-like
lipocyte phenotype by treatment with retinol, b-carotene, indome-
thacin or capsaicin, resulting in an overall increase of lipid storage
[Borojevic et al., 1985; Margis and Borojevic, 1989; Borojevic et al.,
1990; Martucci et al., 2004; Guimaraes et al., 2007; Teodoro et al.,
2009; Bitencourt et al., 2012].

Peroxisome proliferator-activated receptors (PPAR) are a
group of nuclear receptor proteins that act as transcription
factors. The PPAR superfamily are composed of PPARa, PPARd/
b, and PPARg; three subgroups that mainly regulate the
expression of several genes involved in lipid metabolism
[Desvergne, 2008]. PPARg is primarily expressed in adipose
tissue and is responsible for promoting fat storage by increasing
the transcription of a number of lipogenic proteins and by
inducing the adipocyte differentiation [Song et al., 1994; Teboul
et al., 1995]. Interestingly, it was already shown that PPARg
expression is markedly decreased in activated HSC. On the other
hand, culture-activated HSC can be phenotypically and func-
tionally reversed to a quiescent-like phenotype by forced
expression of PPARg [Hazra et al., 2004]. On this premise, it
was already demonstrated that PPARg mRNA expression was
increased in GRX quiescent-like cells [Guimaraes et al., 2007;
Bitencourt et al., 2012].

The directly or indirectly activation of sirtuin 1 (SIRT1), a
highly conserved NADþ-dependent protein deacetylase, has been
pointed for being responsible for several beneficial effects of
polyphenols in therapeutic interventions in a variety of chronic
diseases. Resveratrol (RSV; 3,5,40-trihydroxystilbene) is a
naturally-occurring phytoalexin that exerts pleiotropic func-
tions through SIRT1 activation. Both RSV and SIRT1 were
already suggested to inhibit adipogenesis, a situation that may
interfere on the HSC quiescence maintenance [Backesjo et al.,
2009; Ahn et al., 2013]. Here we demonstrated the impact of the
RSV-induced expression of SIRT1 in the lipogenesis of HSC using
the GRX line as a cell culture model. We strengthen our results by
the forced expression of PPARg in GRX cells (GRXPg). In
conclusion, we hypothesized that the PPARg/SIRT1 mRNA and
protein ratio could play an important role in the HSC lipogenesis
or activation.

MATERIALS AND METHODS

REAGENTS
All-trans-retinol (RHO), resveratrol (RSV), lipid standards, Oil Red O,
and the Dulbecco0s Modified Eagle0s Medium (DMEM) were
purchased from Sigma Chemical Company (St. Louis, MO).
AdipoRedTM was purchased from Lonza (Basel, Switzerland). TRIzol
reagent, M-MLV reverse transcriptase, PureLink Quick Gel and
Plasmid Miniprep Extraction kit, pcDNA3.1/V5-His TOPO

1

TA
plasmid, Lipofectamine, Geneticin (G418), SuperScript-II RT pre-
amplification system, and Platinum Taq DNA polymerase were
purchased from Invitrogen Inc. (Carlsbad, CA). Plates and all
solvents for thin layer chromatography (TLC) were purchased from
Merck (Darmstadt, Germany). Fetal bovine serum (FBS) was
purchased from Cultilab (Campinas, Brazil).

CELL CULTURE
The murine HSC cell line, GRX, was established by Borojevic and
kindly provided by the Cell Bank of Rio de Janeiro (HUCFF, UFRJ,
RJ, Brazil). Cells were routinely maintained in DMEM supple-
mented with 5% FBS and 2mg/ml HEPES buffer, pH 7.4, at 37°C
and 5% CO2.

PREPARATION OF STABLE GRXPg CELL LINE
To establish the GRXPg cell line that super expresses PPARg, cDNA
for PPARgwas amplified fromGRX cell line using the specific primer
sequences for the full gene (forward: 50-TAT GGG TGA AAC TCT
GGG AG-30; reverse: 50-CTA ATA CAA GTC CTT GTA GAT C-30)
cloned into pcDNA 3.1/V5-His TOPO

1

TA expression vector. The
recombinant plasmid pcDNA-PPARg was amplified through by
thermal shock transformation of Escherichia coli JM109 competent
cells, and purified using the PureLink Quick Plasmid Miniprep kit.
PPARg cDNA sequence was confirmed by sequencing in ABI-PRISM
3100 Genetic Analyzer (Applied-Biosystem, NY). The pcDNA-
PPARg was transfected in GRX cells at 50–60% of confluence
with Lipofectamine and 0.3mg of pcDNA-PPARg. After 72 h,
transfected cells were selected by 1000mg/mL of Gentamicin 418
(G418) for 4 weeks. During experimental series, G418 concentration
was reduced to 500mg/mL.

CELL TREATMENT
GRX and GRXPg were plated in 12-well plates (5� 104 cells/ml)
and cultured for 24 h to reach 60–70% confluence before
treatments. RHO stock solution has been prepared as previously
described [Margis and Borojevic, 1989; Guimaraes et al., 2007].
The final concentration of RHO (5mM) and RSV (0.1mM) in the
culture medium was obtained by serial dilution. The GRX fat-
storing phenotype was induced by treating cells with RHO [Margis
and Borojevic, 1989]. The GRX cells were treated with RSV, RHO,
or RHO and RSV for 120 h. For RT-PCR experiments, GRX cells
were also treated for 12 and 24 h. The GRXPg cell line was treated
with RSV for 120 h. Thus, we intended to understand the effects of
RSV in the PPARg expression. Vehicle treated cells were used as
controls.
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QUANTIFICATION OF TRIACYLGLYCERIDES CONTENT AND LIPID
ACCUMULATION ANALYSIS
Intracellular lipid droplets in GRX cells were identified by standard
Oil-Red-O staining. Cells were visualized at x100 magnification
under bright field of an inverted microscope (Nikon Eclipse TE 300,
Japan).

Untreated and treated GRX cells were assayed for triacylglyceride
(TG) content using Triglycerides Liquiform kit (Labtest, MG, Brazil).
To compare lipid accumulation between GRX and GRXPg, cells were
stainedwith AdipoRedTM reagent in PBS for 15min and loaded into a
plate fluorimeter reader (M5, Molecular Devices, CA), after exciting
at 490 nm, and collecting the emission at 570–590 nm. Results were
normalized to correspondent protein content, measured according to
Peterson [Peterson, 1979].

LIPID SYNTHESIS
Lipid synthesis was monitored by acetate incorporation. Untreated
and GRX treated cells were incubated for the last 16 h of culture with
0.1mCi/ml [2-14C] acetic acid sodium salt (56.0mCi/mmol, Amer-
shan Life Science, UK). After incubation, lipids were extracted using
the Folch method [Folch et al., 1957]. The chloroform phase was
dried under nitrogen and the radioactive lipid separated by TLC in
hexane:ethyl ether:acetic acid (90:10:1; v/v/v). The radioactive
lipids were visualized by autoradiography of TLC plates, identified
by comparisonwith standards, and quantified by densitometry of the
radiographic film. Results were normalized to the correspondent
protein sediments measured according to Peterson [1979].

IMMUNOBLOTTING
Cell samples were lysed in Tris–HCl buffer (pH 6.8) with 2%SDS, 10%
glycerol, and 2- b-mercaptoethanol. Equal amounts of protein were
loaded onto 10% SDS–PAGE, transferred to nitrocellulose mem-
branes (Hybond ECL Nitrocellulose Membrane, Amersham), and
immunoblotted with the appropriate antibodies. Primary antibodies
PPARg (E-8) and SIRT1 (H-300) were purchased from Santa Cruz
(CA); b-actin (#4967) from Cell Signaling Technologies (MA). HRP-
conjugated anti-rabbit or anti-mouse-IgG antibodies were also
purchased from Santa Cruz. Proteins were detected by chemilumi-
nescence (ECL detection system, Amersham Pharmacia, UK). Bands
intensities were quantified by densitometry using Alpha Ease FC
software (version 6.0.0, Genetic Technology Inc., Miami, FL).

REAL-TIME PCR
Total RNA was isolated using TRIzol Reagent. 2mg of total RNA was
added to each cDNA synthesis reaction, using the SuperScript-II RT
pre-amplification system. Reactions were performed at 42°C for 1 h
using the T23V primer (50 TTT TTT TTT TTT TTT TTT TTT TTV). PCR
amplification was carried out using specific primer pairs designed by
Oligo Calculator version 3.02 (http://basic.nwu.edu/biotools/oligo-
calc.html) and synthesized by RW-Genes (RJ, Brazil). Primer
sequences are listed in Table I. RNA expression levels were
quantified using SYBR Green on StepOnePlus real-time cycler
(Applied-Biosystems, Grand Island, NY) and performed in quad-
ruplicate in a final volume of 20mlc. Reactions were composed of
10mL of each reverse transcription sample diluted 50 to 100 times,
2mL of 10� PCR buffer, 1.2mL of 50mM MgCl2, 0.4mL of 5mM

dNTPs, 0.4mL of 10mM primer pairs, 3.95mL of H2O milli-Q, 2.0mL
of SYBR green (1:10,000, Molecular Probe), and 0.05mL of Platinum
Taq DNA polymerase (5 U/mL) (Invitrogen). Reaction settings
included an initial denaturation step of 5min at 94°C followed by
40 cycles of 10 s at 94°C, 15 s at 60°C, 15 s at 72°C, and 35 s at 60°C for
data acquisition; samples were kept for 2min at 40°C for annealing
and then heated from 55 to 99°C at a rate of 0.1°C/s to produce the
denaturing curve of the amplified products. All results were analyzed
by the 2�DDCT method [Livak and Schmittgen, 2001]. b-actin was
used as the internal control gene for all relative expression
calculations [Guimaraes et al., 2006].

STATISTICAL ANALYSIS
Results are from three independent experiments (n¼ 3). Data were
expressed as mean� standard deviation of the mean. One-way
ANOVA was used. When indicated, a post hoc Duncan multiple
range test was performed. Values were considered statistically
different when P values were equal to or less than 0.05.

RESULTS

GRX TREATED WITH RSV AND RHO ACCUMULATES LIPID DROPLETS
DESPITE THE LOWER LIPOGENESIS
To define the role of RSV on lipid accumulation in HSC, GRX were
treated with 0.1mM of RSV, 0.5mM of RHO, or co-treated with RHO
and RSV for 120 hours. Optical microscopy analysis of Oil-red O
stained cells revealed that untreated and RSV-treated GRX presented
similar characteristics and did not accumulated lipid droplets. In
contrast, RHO and co-treated cells had an increase in lipid droplets
accumulation, an important feature of the quiescent HSC phenotype
(Fig. 1A). The determination of cellular TG content confirmed the
morphological analysis (Fig. 1B). The ‘de novo’ synthesis of TG in
RSV-treated group was similar to GRX control cells. Interestingly,
only RHO-treated cells exhibited an increase of [14C] acetate
incorporation into TG (Fig. 1C).

PPARg/SIRT1 BALANCE IS CRUCIAL FOR GRX LIPOGENESIS
RSV is well known for inducing SIRT1 activity. Because of the
important role of SIRT1 and PPARg on fatmetabolism, we quantified
these proteins by immunoblotting. After 120 h of treatment, protein
expression revealed a tendency towards an up-regulation of PPARg
in RHO- and co-treated cells, whereas RSV-treated cells presented an

TABLE I. Primer sequences

Gene Primer sequences GenBank reference

PPARg Forward - 50 TGG AAT TAG ATG
ACA GTG ACT TGG 30

NM_011146.3

Reverse - 50 CTC TGT GAC GAT CTG
CCT GAG 30

SIRT 1 Forward - 50 GGC TTG AGG GTA
ATC AAT ACC TG 30

NM_001159589.1

Reverse - 50 AAA CTT GGA CTC TGG
CAT GTG 30

b-Actin Forward - 50 TAT GCC AAC ACA
GTG CTG TCT GG 30

NM_007393.3

Reverse - 50 TAC TCC TGC TTG CTG
ATC CAC AT 30
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Fig. 1. GRX lipogenesis. Phase contrast images of GRX cells stained with Oil Red-O. White arrows point the lipid droplets accumulation in the RHO-treated and co-treated cells
(A). RHO-and co-treated cells presented an increase in the intracellular TG, corroborating imaging analysis (B). Only RHO-treated cells presented an increase in the lipogenesis
although co-treated cells have also presented intracellular lipid droplets. Results were expressed as percentage of total radioactivity incorporated (C). Means without a common
letter are statistically different (n¼ 3, P� 0.05).
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increase of SIRT1 content (Fig. 2A). In this regard, when we
evaluated the PPARg/SIRT1 balance at the protein level, we
found that PPARg content was favored in RHO and co-treated cells
(Fig. 2B).

To further clarify our results, we evaluated the mRNA expression
for PPARg and SIRT1 after 12, 24, and 120 h of treatment. To our
surprise, SIRT1 mRNA expression was increased in all experimental
groups in a time-dependent manner when comparing to the 12-hour
cultured GRX group. Furthermore, it was noticeable that the RHO-
induced increase of PPARg mRNA expression occurred faster than
the RSV-induced increase of SIRT1 mRNA expression (Fig. 2C).
Indeed, after 12 h of treatment, RHO-treated cells presented an
increase in the PPARgmRNA expression, while no differences in the
SIRT1 mRNA expression were observed among the groups. After
24 h, RHO-treated cells presented an increase in PPARg expression
(mRNA level) that was significantly higher in co-treated cells. At this
point, only co-treated cells presented a slight significant increase in
the SIRT1 mRNA expression. After 120 h, treatment with RSV
triggered a significant increase of SIRT1 mRNA expression and did
not change the PPARg mRNA expression. Contrary, treatment with
RHO did not change the mRNA expression of SIRT1; but triggered an

increase on the PPARg mRNA expression in GRX. Interestingly, co-
treatment with RHO and RSV promoted an increase of PPARgmRNA
expression that was significantly higher than control cells, but lower
than RHO-treated cells. Co-treatment triggered a decrease of SIRT1
mRNA content when compared to other groups (Fig. 2C). Consid-
ering possible effects of SIRT1 on PPARg, we established a ratio
between their mRNA expression. Cells treated with RSV presented a
PPARg/SIRT1 ratio (at mRNA level) similar to that found in
untreated cells at 12, 24, and 120 h of treatment. On the other
hand, PPARg mRNA expression was favored over the SIRT1 mRNA
expression in cells treated with RHO for 12, 24, and 120 h. In
co-treated cells, the PPARg/SIRT1 ratio increased similarly to RHO-
treated cells after 24 h of treatment. Interestingly, after 120 h,
co-treated cells presented higher values comparing to untreated or
RSV-treated groups that were lower to that found for RHO-treated
group (Fig. 2D).

RESVERATROL TREATMENT REDUCES LIPID DROPLETS
ACCUMULATION IN GRXPg CELLS
With the intention of comparing lipid accumulation and because of
the central role of PPARg in lipogenesis of HSC, we established a cell

Fig. 2. Measurement of the PPARg and SIRT1 protein content and analysis of their mRNA expression. The protein content of SIRT1 and PPARg was measured after 120 h of
treatment and was not statistically significant (A). However, when it was established the PPARg/SIRT1 ratio for the protein content, it was found a significant increase of PPARg
over SIRT1 (B). RT-PCR was performed to evaluate the mRNA expression of PPARg and SIRT1 after 12, 24, and 120 h of GRX treatment. Results were related to mRNA expression
of untreated GRX cultured for 12 h. Under all experimental conditions, the expression of SIRT1 mRNA gradually increased with culture time. RHO increased PPARg expression
after 24 h of treatment whereas RSV increased SIRT1 expression after 120 h of treatment (C). The PPARg/SIRT1 ratio for mRNA expression was significantly higher in co-treated
cells than RHO-treated cells after 24 h of treatment, whereas the opposite was observed after 120 h of treatment (D). Means without a common letter are statistically different
(n¼ 3, P� 0.05).
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line designed GRXPg, that super expresses PPARg. Immunoblot
analysis confirmed an up-regulation of approximately 30% increase
in PPARg protein content in GRXPg cells (Fig. 3A). Curiously, the
PPARg overexpression by itself promotes a 4-fold increase in
GRXPg lipid accumulation when compared to GRX, and RSV
decreased this GRXPg capacity by almost half (Fig. 3B). As expected,
the PPARgmRNA was 8-fold increased in transfected cells, but RSV
treatment was not able to reduce this expression pattern. On the
other hand, GRXPg cells presented a slight reduction in SIRT1mRNA
expression (Fig. 3C). Finally, the ratio between the PPARg and SIRT1
mRNA expression revealed that the adipogenic transcription factor
was favored in GRXPg cells. RSV treatment induced a reduction in

the PPARg/SIRT1 ratio that remained higher than that found in GRX
cells (Fig. 3D).

DISCUSSION

Liver fibrosis represents the consequence of a continuous cycle of
wound healing response to chronic hepatic injuries. Putative anti-
fibrogenic drugs include bioactive agents that are able to reduce the
activated HSC population by promoting cell apoptosis or the return
of cells into the quiescence phenotype [Bataller and Brenner, 2005;
Friedman, 2008].

Fig. 3. Effects of RSV on super expressing PPARg cells (GRXPg). Immunoblotting analysis confirmed that GRXPg presented an increase (30%) on the PPARg protein content
(A). GRXPg cells naturally presented an increase on the intracellular lipids droplets content that was reduced by the half by RSV treatment (B). The RT-PCR evaluation of the
PPARg and SIRT1mRNA expression unveiled that GRXPg cells presented a decrease on the SIRT1 expression that was reverted to higher levels than untreated GRX (C). The PPARg/
SIRT1 ratio revealed that PPARgmRNA expression was favoured over SIRT1 in RHO-treated cells. RSV treatment was able to reduce the PPARg/SIRT1 ratio that remained higher
than untreated GRX (D). Means without a common letter are statistically different (n¼ 3, P� 0.05).
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GRX cell line represents the activated HSC phenotype and can be
in vitro reverted to the quiescent phenotype, characterized by storing
of cytoplasmic lipid droplets [Margis and Borojevic, 1989; Guaragna
et al., 1992; Andrade et al., 2003]. PPAR proteins are pivotal for the
regulation of lipid and glucose metabolism in numerous tissues
[Kersten et al., 2000]. Lipogenesis in HSC is similar to adipogenesis in
adipocytes, and PPARg is known to regulate the transcriptional
activation required in this process [Matsusue et al., 2004; Guimaraes
et al., 2007]. Indeed, PPARg exerts an important role in controlling
the HSC quiescence state since cells activation and liver fibrosis
development depend on a reduction of its expression. Furthermore,
the in vitro or the in vivo treatment of activated HSC with PPARg-
ligands inhibits cell proliferation and the expression of both a-SMA
type I collagen and monocyte chemotactic protein 1, a potent
chemokine secreted by activated HSC that recruits and activates
monocytes and T-lymphocytes [Miyahara et al., 2000; Eng and
Friedman, 2001; Hazra et al., 2004].

The deacetylase SIRT1 plays an important role in a wide variety of
cell processes, including stress resistance, metabolism and differ-
entiation [Picard et al., 2004]. Unlike PPARg, it has been already
reported that the activation of SIRT1 results in a reduction of fat
accumulation, an increase of free fatty acid release, and an inhibition
of adipogenesis [Picard et al., 2004]. Inmammals, SIRT1 regulates fat
metabolism and hepatic glucose homeostasis through the modifi-
cation of the PPARg co-activator (PGC-1a) [Picard et al., 2004]. RSV
can enhance SIRT1-dependent cellular processes by increasing its
activity by as much as 8-fold and by decreasing the Km value for
acetylated substrates to amuch lesser extent thanNAD [Howitz et al.,
2003; Araki et al., 2004]. We have previously shown that RSV was
able to trigger cell cycle arrest and apoptosis of the activated GRX
cells in a pro-oxidative way. Interestingly, the RSV effects were
dose-dependent. RSV concentrations up to 50mM triggered cell
resistance against its cytotoxic effects and only higher concen-
trations were able to effectively reduce the GRX cell population,
which is an important way for liver fibrosis resolution [Souza et al.,
2008; Martins et al., 2014a,b]. In the present study, we explored the
effects of low doses of RSV (0.1mM) on GRX quiescence through the
action of PPARg and SIRT1 on cell lipogenesis.

The protocol for GRX lipogenesis induction to effectively promote
visual lipid droplet accumulation in the cell cytoplasm, predicts a
minimum of 120h treatment [Margis and Borojevic, 1989]. We found
here that RSV was not able to induce lipogenesis in GRX while RHO
was responsible for inducing the lipid droplets accumulation in these
cells as previously shown by Borojevic and colleagues [Borojevic
et al., 1991]. Interestingly, co-treated cells also presented an increase
of cytoplasmic lipid droplets, but the [14C] acetate incorporation into
TG in this groupwas similar to the untreated or RSV-treated groups, a
fact that may be related to a lipogenesis failure. We did not found a
statistical difference when we individually analyzed protein content
for PPARg and SIRT1. However, when a ratio between these proteins
content was established, the quantity of PPARg protein in RHO- and
co-treated cells was significantly higher than the quantity of SIRT 1
after 120h of treatment.

It was already demonstrated that several enzymes of lipid
metabolism are up-regulated in the early stages of GRX cell lipocyte
induction [Vicente et al., 1997]. Thus, considering that PPARg and

SIRT1 may interfere on the enzymatic activity involved on the lipid
metabolism, it was evaluated their mRNA expression after 12, 24,
and 120 h of treatment. Interestingly, RHO treatment induced an
increase of PPARg mRNA expression from 12 h of GRX treatment
whereas the RSV treatment induced an increase of SIRT1mRNA only
after 120 h. Thus, it is possible to state that the RHO induction of
PPARg transcription occurs faster than the RSV induction of SIRT1
transcription. Indeed, it seems to be of the upmost importance to
observe that, after 120 h, the values for the ratio between mRNA
expression of PPARg and SIRT1 in co-treated cells remained higher
than the observed in the untreated cells, but lower than the observed
in RHO-treated cells. The RSV-mediated SIRT1 induction could
effectively interfere on PPAR activity after 120 h of treatment, and
this fact could explain why the co-treated cells showed an
accumulation of cytoplasmic lipid droplets despite showing an
incorporation of [14C] acetate into TG similar to the untreated or
RSV-treated cells.

To reinforce the role of the PPARg/SIRT1 ratio on contributing to
the lipogenesis of HSC, we established a permanent cell line that
constitutively super expresses PPARg (GRXPg). Curiously, the simple
fact ofGRXPg super express PPARg induced the accumulationof lipid
droplets in a spontaneous way, i.e., without any induction treatment,
as a quiescent cell. RSV treatment was able to reduce this
accumulation by the half. The mRNA of SIRT1 was slight decreased
in untreated GRXPg cells and was significantly increased in RSV-
treated GRXPg. These results suggest that stimulation of PPARg
mRNA expression could modulate SIRT1 mRNA expression and vice
versa. Indeed, GRXPg cells presented higher values for the PPARg/
SIRT1 ratiowhileRSV treatment induceda reduction in this parameter
that anyway remained higher than that found in GRX cells.

In the present study, we found that 0.1mM of RSV was not able to
restore the HSC capacity of storing lipid droplets. These results are in
accordance to those found by other authors who showed that RSV
did not promote the differentiation of pre-adipocytes into adipocytes
by not promoting adipogenesis [Rayalam et al., 2008]. In addition,
our results raised the possibility that SIRT1 could play a role on
modulating lipolysis in HSC and provided an in vitro evidence that
the PPARg/SIRT1 mRNA ratio could participate in the pathogenesis
of liver fibrosis through regulating HSC quiescence or activation.
Indeed, PPARg seemed to be a potential key regulator in the
activated HSC transition to the quiescent state. Thus, drugs that
modulate its expression/activity could control the HSC phenotypic
transformation. In this way, we understand that whenever the
PPARg mRNA expression is greater than SIRT1 mRNA expression
the lipogenesis enabled (Fig. 4).

RSV is known to have a wide range of biological effects. We have
previously showed that this phytoalexin reduced the population of
activated HSC by triggering apoptosis. Importantly, this cellular
response was largely depending on its concentration [Souza et al.,
2008; Martins et al., 2014a,b]. Here we found that RSV can regulate
the quiescence-like induction of HSC because the phytoalexin-
mediated SIRT1 induction greatly interferes in the PPARg-mediated
lipogenesis. Further investigations on the effects of the RSV or SIRT1
in the molecular interactions that promote these aforementioned
results are undoubtedly necessary to better understand the RSV
contribution for the liver fibrosis resolution.
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Fig. 4. Schematic illustration showing an overall view of the GRX and GRXPg lipogenesis after 120 h of cell culture. For a detailed explanation of thisfigure, see text. RSV did not
interfere on PPARg/SIRT ratio and no lipogenesis was observed. RHO treatment induced themRNA expression of PPARg, which was broadly favoured over the mRNA expression of
SIRT1. The RSV-mediated increase of the SIRT1 mRNA interfered in the RHO-mediated increase of the PPARg mRNA after 120 h of treatment, thus reducing cell lipogenesis by
promoting the decrease on the ratio between these molecules (A). The PPARg super expression has led the GRX cells to lipogenesis. The RSV-mediated SIRT1 mRNA expression
interfered in this process by reducing the PPARg/SIRT1 ratio (B).
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