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Abstract

AIM: To investigated if paclitaxel can attenuate he-
patic fibrosis in rat hepatic stellate cells (RHSCs).

METHODS: RHSCs were cultured /7 vitro and randomly
assigned to four groups: normal control group (treated
only with Dulbecco’s Modified Eagle's Medium), Taxol
group (200 nmol/L paclitaxel was added to the cell cul-
ture), transforming growth factor (TGF)-B group (5 ng/mL
recombinant human TGF-B1 was added to the cell cul-
ture), and TGF-B + Taxol group. TGF-B signaling cascade
and status of various extracellular matrix proteins were
evaluated by real time reverse transcriptase polymerase
chain reaction and Western blotting.

RESULTS: The paclitaxel treatment markedly sup-
pressed Smad2/3 phosphorylation. This was associated
with attenuated expression of collagen I and 1 and
fibronectin in RHSCs.
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CONCLUSION: These data indicate that 200 nmol/L
paclitaxel ameliorates hepatic fibrosis via modulating
TGF-B signaling, and that paclitaxel may have some
therapeutic value in humans with hepatic fibrosis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is the key stage in the pathological process

from hepatic injury to cirrhosis or even to tumor. Trans-
forming growth factor (TGF)-f1 is widely acknowledged
as a key factor in acceleration of the hepatic fibrosis pro-
cess. TGF-1 mainly activates hepatic stellate cells (HSCs)
through the TGF-B1/Smad signaling pathway, thus causing
hepatic fibrosis" . TGF-B evokes diverse cellular responses
by binding to and activating specific cell-surface receptors
that have intrinsic setine/threonine kinase activity. The ac-
tivated TGEF-f receptors stimulate the phosphorylation of
receptor-regulated Smad2 and Smad3 proteins (R-Smads),
which in turn form complexes with Smad4. This complex
translocates from the cytoplasm into the nucleus, where the
Smads regulate the transcription of target genes. Inhibitory
Smad7 acts in an opposing manner to the R-Smads, and

downregulates TGF-f3 signaling[él.
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Some studies have previously demonstrated that en-
dogenous Smad-2, 3 and 4 bind to microtubules in sev-
eral cell lines, and the binding provides a negative regula-
tory mechanism to modulate TGF-f3 activity. Disruption
of the microtubule network by chemical agents, such as
nocodazole and colchicine, leads to ligand-independent
Smad nuclear accumulation and transcription of TGF-
B-responsive genes, which in turn increases TGF-f3-
induced Smad activitym.

The aim of this study was to assess if microtubule
stabilization with low-dose paclitaxel (Taxol) could in-
hibit TGF—B/Smad signaling and ameliorate hepatic
fibrosis in HSCs.

MATERIALS AND METHODS

Cell culture and grouping

HSCs (supplied by the Institute of Liver Diseases, the
Second Xiangya Hospital, Hunan, China ) were seeded in
24-hole plastic culture plates with a density of 1 X 10° /mlL.
The cell viability was > 95% and purity was > 90%. After
cell culture for 2 wk, nearly all HSCs were activated. These
cells were first cultured for 3 d, followed by a cell cycle
of synchronous culture for 48 h, then the HSCs were
randomly divided into four groups: normal control group
(treated only with Dulbecco’s Modified Eagle’s Medium),
normal + Taxol group [200 nmol/L paclitaxel (Taxol;
Sigma, St. Louis, MO, USA) was added to the cell culture],
TGF-B group [5 ng/mL recombinant human TGF-B1
(R&D Systems, Minneapolis, MN, USA) was added to the
cell culture], and TGF-f§ + Taxol group. The examinations
were carried out after 48 h of culture. All the examinations
were repeated three times for accuracy and consistency.

Real-time reverse transcriptase polymerase chain
reaction

Total RNA was isolated using the High Pure RNA Iso-
lation Kitaccording to the manufacturer’s instructions
(Roche, Switzerland). Contaminated DNA was removed by
treating the samples with RNase-free DNase 1 (Promega,
Madison, WI, USA). Real-time polymerase chain reaction
(PCR) was performed using Bio-Rad (Hercules, CA, USA)
iQ SYBR Green supermix with Opticon (M] Research
Inc., Waltham, MA, USA) by following the vendor’s in-
structions. One hundred micrograms of total RNA was
reverse-transcribed and subjected to PCR as follows: 94°C
for 2 min followed by 40 cycles of: 94°C for 15 s, 58°C
for 30 s and 72°C for 30 s, and a final extension at 72°C
for 10 min. The primers used were as follows. Rat Smad2,
forward: 5-TCACAGCCATCATGAGCTCAAGG-3!, re-
verse: 5" TGTGACGCATGGAAGGTCTCTC-3'; Smad3,
forward: 5-"AGCACACAATAACTTGGACC-3, reverse:
5"TAAGACACACTGGAACAGCGGATG-3'; colla-
gen [, forward: 5-GAGCGGAGAGTACTGGATCG-3,
reverse: 5“TACTCGAACGGGAATCCATC-3", collagen
I, forward: 5'-GTGCGGTTTGTGAAGCACCG-3,
reverse: 5'-GTTCTTCTCATGCACACTT-3'; fibronec-
tin, forward: 5" TGACTCGCTTTGACTTCACCAC-3',
reverse: 5"TCTCCTTCCTCGCTCAGTTCGT-3". All
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samples were subjected to reverse transcriptase (RT)-PCR
along with the housekeeping gene GAPDH with the fol-
lowing primer sequences: forward: 5“TGCTGAGTAT-
GTCGTGGAGTCTA-3', reverse: 5'-AGTGGGAGTT-
GCTGTTGAAATC-3' as an internal standard. Reaction
specificity was confirmed by gel electrophoresis of prod-
ucts after real-time PCR and melting curve analysis. Ratios
for Smad2/GAPDH, Smad3/GAPDH, collagen I/
GAPDH, fibronectin/ GAPDH and collagen [ /GAPDH
mRNA were calculated for each sample and expressed as
the mean * SD.

Western blotting

Total protein was extracted from cells and analyzed with
bicinchoninic acid protein concentration assay kit (Beijing
Biosea Biotechnology Co. Ltd., China). Samples (20 pg)
were fractionated by SDS-PAGE. After transfer onto ni-
trocellulose membrane (Amersham International, Bucks,
UK), the blots were probed with a mouse monoclonal
antibody to p-Smad3 (Cell Signaling Technology, Beverly,
MA, USA 1:1000 dilution), a goat polyclonal antibody
to p-Smad2 (Upstate Biotechnology, Billerica, MA, USA
1:1000 dilution) and rabbit polyclonal antibodies to
collagen I (Santa Cruz Biotechnology, Santa Cruz, CA,
USA, 1:2000 dilution), collagen Il (Abcam, Cambridge,
MA, USA 1:2000 dilution), and fibronectin (Santa Cruz
Biotechnology, 1:1000 dilution). The second antibodies
were peroxidase-conjugated goat anti-mouse IgG (1:20 000
dilution)and the swine anti-rabbit IgG or rabbit anti-goat
IgG , which be diluited in PBS that contained 1% normal
goat serum or 1% fetal calf serum. 3-actin was used as an
internal control.

Statistical analysis

Data were calculated as the mean * SD and the groups
were compared using one-way ANOVA. Statistical sig-
nificance was set at P < 0.05.

RESULTS

Paclitaxel inhibits extracellular matrix expression in rat
HSCs

The suppressive effects of paclitaxel on mRNA and pro-
tein expression of fibronectin and collagen I and I
were assessed by real-time RT-PCR and Western blotting.
Figure 1A shows RT-PCR analysis that indicated that
paclitaxel had no effect on basal mRNA expression for
fibronectin and collagen [ and Il in rat HSCs. The ex-
pression of integrin-linked kinase, oi-smooth muscle actin
and collagen [ was reduced in cells treated with paclitaxel
and TGF-f at 48 h (P < 0.01). Western blotting analyses
revealed similar trends in mRNA expression (P < 0.05,
n = 6) (Figure 2A).

Blockade of Smad2/3 activation is a key mechanism by
which paclitaxel prevents hepatic fibrosis in rat HSCs

The effects of paclitaxel on expression of Smad2 and
Smad3 mRNA were assessed by real-time RT-PCR. The
analysis showed that paclitaxel had no effect on Smad2
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Figure 1 The mRNA levels changes in vitro after treatment. A: Real-time PCR depicting fibronectin and collagen I and II mRNA expression in vitro following
paclitaxel treatment of hepatic stellate cells (HSCs). Fibronectin and collagen I and II expression was significantly higher in the TGF-@ group at 48 h compared with the
normal or Taxol groups (P < 0.05, n = 6). Treatment with paclitaxel resulted in a decrease in fibronection and collagen I and III expression (P < 0.05, n = 6). °P < 0.05 vs
TGF-B group; ‘P < 0.01 vs normal or Taxol group (n = 6); B: Real-time PCR showing Smad2 (left) and Smad3 (right) mRNA expression in vitro following treatment with
paclitaxel in HSCs. Smad2 and Smad3 mRNA expression was more or less similar in the normal and Taxol groups at 48 h (P < 0.05, n = 6). Densitometric analyses were
performed from six independent experiments. Each bar represents the mean + SD for six animals. PCR: Polymerase chain reaction; TGF-p: Transforming growth factor f3.
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Figure 2 The protein levels changes in vitro after treatment. A: Western blotting analyses depicting fibronectin and collagen I and I mRNA expression in vitro
following paclitaxel treatment in HSCs. Whole hepatic cell extracts were immunoblotted with the indicated antibodies. Fibronectin and collagen I and III expression was
significantly higher in the TGF- group at 48 h compared with the normal or Taxol group (P < 0.05, n = 6). Treatment with paclitaxel resulted in a decrease in fibronectin
and collagen I and I expression (P < 0.05, n = 6); B: Westemn blotting analysis showing Smad2/3 protein expression in vitro following treatment with paclitaxel in HSCs.
Phosphorylated Smad2 and Smad3 but not total Smad2 or Smad3 expression was significantly higher in the TGF-$3 group at 48 h compared with the normal or Taxol group (P
<0.05, n = 6). Treatment with paclitaxel resulted in a decrease in phosphorylation of Smad2 and Smad3 (P < 0.05, n = 6). Densitometric analyses were performed from six
independent experiments. Each bar represents the mean + SD for six animals. °P < 0.05 vs TGF-B group; “P < 0.01 vs normal or Taxol group (n = 6).

and Smad3 mRNA expression in the normal, Taxol and
TGF-B + Taxol groups at 48 h (Figure 1B). Western
blotting analysis showed that phosphorylated Smad2/3
but not total Smad2/3 expression was matkedly reduced
in HSCs treated with paclitaxel and TGF-f at 48 h (P <

DISCUSSION

In the present study, we observed that fibrosis in HSCs
was substantially decreased by paclitaxel, a microtubule-
stabilizing agent, thus suggesting that low-dose paclitaxel

0.01). In contrast, paclitaxel had no effect on expression
and phosphorylation of Smad2/3 in the Taxol group

(Figure 2B).
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has therapeutic benefits in the amelioration of hepatic
fibrosis.
The TGF-B/Smad signaling pathway plays an impot-
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tant role in hepatic fibrosis. In chronic hepatic injury, after
HSCs are transformed into myofibroblasts, Smad2 and
Smad3 ate continuously phosphorylated and the inhibitory
expression of Smad7 is at a low level. As a result, TGF-31
signal transduction cannot be effectively inhibited. This
might be one of the mechanisms for progression from
chronic hepatic injury to hepatic fibrosis™”. The worse the
hepatic fibrosis and the higher the expression of TGF-1,
the higher is the Smad3 protein expression. Therefore,
whatever is transferred by Smad3 might be the signal that
can induce hepatic fibrosis'"""?. Currently, TGF-B1 is
the most effective fibrosis-promoting known, and it can
promote activation of HSCs, and increase synthesis of
extracellular matrix (ECM)™. Furthermore, it has been
previously shown in several different cell lines that mi-
crotubules serve as a negative regulator for TGF-B/Smad
signaling by forming a complex with endogenous Smad2,
3 and 4, thus sequestering the R-Smads away from the
TGF-B receptorm. Therefore, it is conceivable that stabili-
zation of microtubules by low-dose paclitaxel can dampen
the exacerbated TGF-f signaling, as reported in TGF-f-
induced inhibition of myogenesis in C2C12 myoblasts'”!
Similarly, in an earlier study, Liu e# al' also have found
that paclitaxel can significantly suppress TGF-B/Smad
activity in SCID mice. In the present study, we provided
evidence that low-dose paclitaxel suppressed phosphory-
lation of Smad2 and Smad3, two homologous Smad pro-
teins that transduce signals from TGF-f3 and activin, in rat
HSCs. These data support the notion that TGF—B/ Smad
signaling is regulated by the dynamic stability/instability
of microtubules that are sensitive to low-dose microtu-
bule-stabilizing agents, like paclitaxel.

Paclitaxel is an anticancer agent'”, which by stabiliz-
ing polymerized microtubules and enhancing microtubule
assembly, arrests the cell cycle in the GO/G1 and G2/M
phases, thus leading to cell death"*"”, Prolonged treatment
with paclitaxel has been associated with scleroderma-like
changes or pulmonary fibrosis, albeit in only a small frac-
tion of patients. It is noteworthy that inhibition of tumor
cell proliferation can be achieved by much higher doses
of paclitaxel. The inhibition of TGF-/Smad signaling,
however, can be attained with very low doses of pacli-
taxel. However, some of the recent studies have indicated
that low-dose paclitaxel has minimal, if any, detectable
effects on cell proliferation and other cellular activities, in-
cluding fibrosis. Intriguingly, low-dose paclitaxel has been
shown to inhibit collagen-induced arthritis and fibrosis
associated with systemic sclerosis in SCID mice!™*"™",
Type 1 collagen, the major ECM component of fibrotic
tissue, is a heterotrimer composed of two ol chains and
one a2 chain. Increased production of type I collagen
is a common hallmark of fibrotic diseases in vatious or-
gans including the liver. Once stimulated by fibrogenic
stimuli, HSCs are the only cells that respond by express-
ing increased amounts of all three different isoforms of
TGF-B. As activated HSCs are the principal cells to pro-
duce type I collagen in fibrotic liver, they contribute to
the development of liver fibrosis through autocrine and
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paracrine loops of TGF-fB-stimulated collagen produc-
tion. In the present study, low-dose paclitaxel treatment
effectively reduced expression of type I and Il collagen
and fibronectin in rat HSCs.

In conclusion, we demonstrated that low-dose paclitax-
el significantly suppressed the exacerbated TGF-B/Smad
signaling and decreased interstitial fibrosis in rat HSCs. It
is hoped that the current results will give an impetus to
future investigations to explore the therapeutic potential of
paclitaxel in the amelioration of hepatic fibrosis.

COMMENTS

Background

Hepatic fibrosis is the key stage in the pathological progress from hepatic injury
to cirrhosis. Transforming growth factor (TGF)- is widely acknowledged as a
key factor in accelerating hepatic fibrosis. Smad proteins have been identified to
play an important role in regulating the expression of extracellular matrix (ECM)
proteins via the TGF-B signaling pathway. Aberrant TGF-/Smad signaling can
be modulated by stabilization of microtubules with paclitaxel.

Innovations and breakthroughs

In this study, the authors’ research group for the first time reported that 200 nmol/L
paclitaxel ameliorated fibrosis in rat hepatic stellate cells (HSCs) via inhibition of
TGF-B/Smad activity.

Applications

In future experiments, the authors will use the hepatic fibrosis model to observe
the treatment effect of paclitaxel in vivo.

Terminology

Paclitaxel is an anticancer agent. It is noteworthy that the inhibition of tumor cell
proliferation can be achieved by much higher doses of paclitaxel. The inhibition
of TGF-B/Smad signaling, however, can be attained with very low doses of
paclitaxel.

Peer review

The findings that low-dose paclitaxel significantly suppressed the exacerbated
TGF-B/Smad signaling and decreased interstitial fibrosis in rat HSCs are
interesting and important.
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