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Abstract

AIM: To investigate whether Notch signaling is involved
in liver fibrosis by regulating the activation of hepatic
stellate cells (HSCs).

METHODS: Immunohistochemistry was used to dete-
ct the expression of Notch3 in fibrotic liver tissues of
patients with chronic active hepatitis. The expression
of Notch3 in HSC-T6 cells treated or not with trans-
forming growth factor (TGF)-f1 was analyzed by im-
munofluorescence staining. The expression of Notch3
and myofibroblastic marker a-smooth muscle actin
(a-SMA) and collagen I in HSC-T6 cells transfected
with pcDNA3.1-N3ICD or control vector were detected
by Western blotting and immunofluorescence staining.
Moreover, effects of Notch3 knockdown in HSC-T6 by
Notch3 siRNA were investigated by Western blotting
and immunofluorescence staining.

RESULTS: The expression of Notch3 was significantly
up-regulated in fibrotic liver tissues of patients with
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chronic active hepatitis, but not detected in normal liver
tissues. Active Notch signaling was found in HSC-T6 cells.
TGF-B1 treatment led to up-regulation of Notch3 ex-
pression in HSC-T6 cells, and over-expression of Notch3
increased the expression of o-SMA and collagen I in
HSC-T6 without TGF-B1 treatment. Interestingly, tran-
sient knockdown of Notch3 decreased the expression
of myofibroblastic marker and antagonized TGF-B1-
induced expression of o-SMA and collagen I in HSC-T6.

CONCLUSION: Notch3 may regulate the activation of
HSCs, and the selective interruption of Notch3 may pro-
vide an anti-fibrotic strategy in hepatic fibrosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a reversible wound-healing response
characterized by the accumulation of extracellular matrix
(ECM) to liver injury". In the process of hepatic fibrosis,
activated hepatic stellate cells (HSCs) synthesize a large
amount of ECM and then change into myofibroblasts'”,
which is characterized by the expression of o-smooth
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muscle actin (a-SMA) and ECM, particularly collagen I .
Myofibroblast is one of the key cellular components
involved in liver fibrosis, therefore, the majority of anti-
fibrotic therapies are designed to inhibit the activation,
proliferation, or synthetic products of HSCsP.

Notch signaling is an ancient cell signaling that regu-
lates cell fate specification, stem cell maintenance, and
initiation of differentiation in embryonic and postnatal
tissues'™. More recently, some researches reported that
Notch signaling was implicated in human fibrosis diseases,
such as pulmonary, renal and peritoneal fibrosis®”. Sev-
eral researches suggested that the Jagged/Notch pathway
may selectively mediate fibrogenic properties of trans-
forming growth factor-f1 (TGF-1) which was essential
to promote the production and deposition of ECM" M,

Notch receptors (Notchl, Notch2 and Notch4) were
present at the mRNA level in freshly isolated HSCs, and
the synthesis of Notchl decreased during culture and
development of HSCs into myofibroblast-like cells™,
However, the expression of Notch3 in phenotype acti-
vated HSCs remains unknown. Ono ef /" reported that
Notch3 was required for TGF-B1-induced myofibro-
blastic differentiation of myoblasts. Based on the studies
above, the present study was undertaken to investigate
whether Notch3 was expressed in fibrotic liver tissues
of patients with chronic active hepatitis and in activated
HSCs, and sequentially contributed to liver fibrosis by
regulating the activation of HSCs.

MATERIALS AND METHODS

Patients and liver biopsy samples

Liver tissue samples were obtained by biopsy from 11 pa-
tients with chronic active hepatitis (5 women and 6 men;
median age 43 years, range 31-55 years). Control liver bi-
opsy specimens were obtained from healthy volunteers (#
= 06). All patients and controls signed consent forms ap-
proved by the Ethics Committee of Tongji Medical Col-
lege, Huazhong University of Science and Technology.
Tissue samples were fixed in 10% formalin and paraffin-
embedded for immunohistochemical analysis.

Antibodies and reagents

Rabbit polyclonal to a-SMA and Notch3 were obtained
from Abcam (Cambridge, United States). Rabbit polyclonal
anti-collagen 1 antibody was purchased from Bioss Cot-
poration (Beijing, China). Horseradish peroxidase (HRP)-
conjugated anti-rabbit IgG was obtained from Santa Cruz
Biotechnology (Santa Cruz, United States). Recombinant
human transforming growth factor (TGF)-f1 was pur-
chased from PeproTech EC Ltd (London, United King-
dom). Lipofectamine™ 2000 transfection reagent was
obtained from Invitrogen (Carlsbad, United States).

Cell line and culture conditions

HSC-T6 cells, an immortalized rat HSC line, purchased
from Cancer Institute and Hospital, Chinese Academy
of Medical Sciences (China), were cultured in Dulbecco’s
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-modified Eagle’s medium (DMEM; Gibco, United States)
supplemented with 100 U/mL penicillin, 100 pg/mL strep-
tomycin, and 10% fetal bovine serum (FBS) (Gibco, United
States). TGF-B1 (2 ng/mlL) was incubated in growth me-
dium for 24 h.

Immunohistochemistry and immunocytofluorescence
analysis

Liver tissue sections were incubated with 3% H20: fol-
lowed by serum blocking with 10% goat serum in 5% bo-
vine serum albumin (BSA). The Notch3 was detected by
staining with polyclonal rabbit anti-Notch3 (1:250) ovet-
night at 4 C. Irrelevant isotype antibodies (Santa Cruz
Biotechnology, United States) at the same concentration
were used as control. The staining was carried out using
SABC kit (Boster, China).

Cells were fixed in phosphate buffered saline (PBS)
containing 4% paraformaldehyde at room temperature
for 30 min and were penetrated in blocking solution (Am-
resco, United States) containing 0.3% Triton X-100, and
incubated overnight with either anti-Notch3 (1:250), anti-
o-SMA (1:100) or anti-collagen I (1:100) antibody in 1%
BSA solution. Then, cells were incubated with secondary
antibodies for 1 h at 37 ‘C. After incubation, cells were
stained with nuclear stain marker 4°,6-diamidino-2-phenyl-
indole. The reaction was examined under confocal micro-

scope (Nikon, Japan).

Transfection of siRNA and plasmid

HSC-T6 was seeded into 6-well plates at a density of 1 X
10° cells 12 h before transfection. siRNA was mixed with
5 pl. lipofectamine 2000 in 250 pl. Opti-MEM [ medium
for 20 min. The transfection mixture was then added to
each well with 1.5 mLL FBS free DMEM at a concentration
of 100 nmol/L. After 6-h incubation, liquid mixture con-
taining siRNA was disposed. Two ml. DMEM containing
10% FBS was added and incubated for another 72 h. The
following siRNA sequences were used: Notch3 siRNA: 5’
ACAAGAUCAAUACAGGAGCTT 3’; the control siR-
NA sequence: 5> UUGUAC UACACAAAAGUACUG 3.
These siRNA were synthesized by Shanghai Genepharma
Co. Ltd. (Shanghai, China).

HSC-T6 was transfected with Notch3 intracellular do-
main (Notch3-ICD) cDNA cloned into pcDNA3.1 (pc-
DNA3.1-N3ICD) vector, which was a gift from Dr. Tao
Wan. The control (pcDNA3.1-empty) vector was pur-
chased from Shanghai Genepharma Co. Ltd. (Shanghai,
China). All transfections were performed using Lipo-
fectamine 2000 following the manufacturer’s instructions.

TagMan quantitive reverse transcription polymerase
chain reaction

Total RNA from each sample was extracted using Trizol
(Invitrogen) according to the manufacturer’s instructions.
Real-time polymerase chain reaction (RT-PCR) was per-
formed using a StepOne/StepOne-Plus (ABI) and the
TagMan PCR Reagent (Genepharma). Primer sequences
are summarized in Table 1. Comparative threshold (Ct)
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Notch3
Forward 5-CCTGCCTGCCTCTATGACAAC-3'
Reverse 5-ACACTCCTCGGTGTTACAGCC-3
Probe 5-ACTGCTACTCTGGTGGCCGCGAC-3’
Jagged1
Forward 5-GTGGAAGAGGATGATATGGATAAGC-3'
Reverse 5-CTCCTCTCTGTCTACCAGCGTGTAC-3’
Probe 5-CCAGCAGAAAGTCCGGTTTGCCA-3
Hesl
Forward 5-TGCTACCCCAGCCAGTGTC-3’
Reverse 5-GCTTTGATGACTTTCTGTGCTCA-3
Probe 5-CTGTCTTTGGTTTGTCCGGTGTCGT-3"
GAPDH
Forward 5-GATGACATCAAGAAGGTGGTGAAG-3’
Reverse 5-ACCCTGTTGCTGTAGCCATATTC-3
Probe 5-ACTTCAACAGCAACTCCCACTCTTCCACC-3’

method was used for calculating the relative amount of
mRNA of treated sample compared with control samples.

Western blotting assay

Cells were washed with PBS and lysed. The extracts
wete cleared by centrifugation at 12 000 X g for 15 min.
After blocking with 5% non-fat milk in PBS containing
0.1% Tween 20 for 1 h at room temperature, membranes
were incubated with either anti-Notch3 (1:1000), anti-o.-
SMA (1:300) or anti-collagen I (1:200) antibody in tris-
buffered saline (TBS) containing 0.05% Tween 20 at 4 'C
overnight. Then membranes were incubated with HRP-
conjugated secondary anti-rabbit IgG (1:2000) antibody
in TBS and Tween 20 for 1 h at room temperature, and
visualized by chemiluminescence using an electrochemi-
luminescence immunoblotting kit (Cell Signaling Tech-
nology) with a digital luminescent image analyzer Bio-
Spectrum600 (UVP, United States). Band intensity was
assessed using Gel-Pro analyzer.

Statistical analysis

All experiments were repeated three times, and data re-
corded as mean = SD and analyzed by Student’s 7 test
using SPSS12.0 software. P < 0.05 was considered statis-
tically significant.

RESULTS

Expression of Notch3 in fibrotic liver tissues of patients
with chronic active hepatitis

All patients were positive for the Notch3 in fibrotic liver
tissues (Figure 1A). In contrast, Notch3 was not detected
by immunohistochemistry in normal liver tissues (Figure

10).

Expression of Notch3 in hepatic stellate cell-T6 cells

To detect expression of Notch3 in HSCs, immunofluo-
rescence staining analysis was performed to examine the
expression of Notch3 in HSC-T6 cells. The result showed
that Notch3 protein was localized in the cytoplasm and
nucleus of HSC-T6 cells (Figure 2).
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Up-regulation of Notch3 expression by transforming
growth factor-31 in hepatic stellate cell-T6 cells

We investigated the effect of TGF-B1 on Notch signaling
in HSC-T6 treated with TGF-B1 (0.5, 1, 2 and 4 ng/mL)
for 24 h. RT-PCR analysis showed that the expression of
Notch signaling components including Notch3, Jagged]
and Hes-1 were obviously increased in HSC-T6 treated
with 2 ng/mL TGF-B1 as compared with the control
group without TGF-f1 treatment (P < 0.05, Figure 3).

Over-expression of Notch3 increased the expression of
myofibroblastic marker in hepatic stellate cell-T6

To investigate the effect of Notch3 in activation of HSCs,
we examined if overexpresion of Notch3 in HSC-T6
would enhance the activation. The results showed that the
increased expression of Notch3 in pcDNA3.1-N3ICD
introduced HSC-T6 cells as compared with cells trans-
fected with pcDNA3.1-empty vector (P < 0.05, Figure
4A). Western blotting and immunofluorescence staining
analyses demonstrated that over-expression of Notch3
led to increased expression of a-SMA and collagen |
compared with control group (P < 0.05, Figure 4A and B).

Knockdown of Notch3 by siRNA downregulated the
expression of myofibroblastic marker in hepatic stellate
cell-T6
To further confirm the role of Notch3 in regulating ac-
tivation of HSCs, siRNA was employed to specifically
knockdown Notch3. Western blotting analysis showed
that siRNAs targeting Notch3 reduced Notch3 protein
levels by approximately 80%. Seventy and two hour after
transfection in HSC-T6 (P < 0.05, Figure 5A). We also ob-
served that knockdown of Notch3 in HSC-T6 down-reg-
ulated the expression of a-SMA and collagen [ detected
by Western blotting and immunofluorescence staining
72 h after siRNA transfection (P < 0.05, Figure 5A and B).
To investigate the relationship between Notch3 and
TGF-B1, TGF-B1 (2 ng/mL) was added into HSC-T6
24 h before transfection with siRNAs targeting Notch3
or control siRNAs. Western blotting and immunofluo-
rescence staining analyses demonstrated that knockdown
of Notch3 antagonized TGF-f1-induced expression of
o-SMA and collagen [ in HSC-T6 (P < 0.05, Figure 5A
and B).

DISCUSSION

Liver fibrosis is the result of the wound-healing response
to repeated injury in liver. It is well known that HSCs ac-
tivation plays an important role in fibrosis because these
cells become the primary source of extracellular matrix
in liver upon injury. TGF-B1 is known to promote fibro-
genesis iz vivo and in vitro, however, development of anti-
fibrotic strategies targeting the TGF-f axis is problematic
owing to the pleiotropic nature of TGF-3 action'"!,
Notch signaling is an evolutionarily conserved local
cell-signaling that functions in the determination of cel-
lular identity during developmental stagesm. Four Notch

proteins (Notchl, Notch2, Notch3 and Notch4) have
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Notch3

Negative
| control

Normal
liver

Figure 1 Immunohistochemical staining of Notch3 in liver tissues of pa-
tients with chronic active hepatitis and normal livers. A: Intense staining of
Notch3 in fibrotic tissues of livers from patients with chronic active hepatitis; B:
Negative control; C: Notch3 was not detected in normal liver tissues (x 400).

been identified in vertebrates, while membrane-bound
proteins (Delta and Jagged) have been recognized as
Notch ligands". Activation of the pathway usually occurs
via expression of the ligand in signal-giving cells. Upon
interaction with the ligand, Notch undergoes a series of
proteolytic cleavages in the signal-receiving cells. Finally,
the cytoplasmic domain, referred to as the Notch intracel-
lular domain (NICD), translocates to the nucleus, where
it binds with the transcription factor CSL [CBF-1/RBP-
Jk, Su (H) and Lag-1] and co-activator Mastermind-like
to trigger downstream target genes expression, such as
HES1 and HEY which act as transcription factors .
Notch signaling is essential for the regulation of cell
differentiation, and its aberrant activation was implicated
in human fibrosis diseases. Notch1 signaling in response
to inflammatory zone 1 may play a significant role in myo-
fibroblast differentiation during lung fibrosis!”. Active
Notch pathway in tubular epithelial cells was demonstrat-
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Notch3

Nucleus

Figure 2 Immunofluorescence staining analysis was performed to exam-
ine expression of Notch3 in hepatic stellate cell-T6 cells. A: The green fluo-
rescence represents the expression of Notch3; B: Blue one represents nucleus
of hepatic stellate cell-T6 cells (x 400).
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Figure 3 TagMan reverse transcription polymerase chain reaction analy-
sis was performed to detect expression of Notch3, Jagged1 and Hes1
in hepatic stellate cell-T6 cells treated or not with transforming growth
factor-p1 (0.5, 1, 2 and 4 ng/mL) for 24 h. °P < 0.05 vs control group.

ed as a critical regulator of tubulointerstitial fibrosis'”. Tt
was reported that Notch signaling was highly activated in
rats with fibrotic peritoneum induced by peritoneal dialy-
sis fluid , as indicated by increased expression of Jagged]l,
Notchl, and HES1. Blocking Notch signaling activation
by intraperitoneal injection of a y-secretase inhibitor sig-
nificantly attenuated peritoneal fibrosis as indicated by the
decreased expression of a-smooth muscle actin and col-
lagen I #l,

In this study, the Notch3 was not detected in normal
liver tissues. In contrast, intense staining of the Notch3
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Figure 4 Over-expression of Notch3 intracellular domain increased the expression of myofibroblastic marker in hepatic stellate cell-T6. A: The expres-
sion of Notch3, a-smooth muscle actin (SMA) and collagen 1 were detected by Western blotting. Graphic representation of relative level of Notch3, a.-SMA and
collagen I normalized to B-actin; B: The expression of o-SMA and collagen I was also detected by immunofluorescence staining (x 400), “P < 0.05 vs control group.

was observed in fibrotic liver tissues of patients with
chronic active hepatitis, which suggested that Notch3 was
involved in liver fibrosis. Furthermore, several lines of
evidence clearly confirmed that Notch3 contributed to
liver fibrosis by regulating activation of HSCs. First, the
expression of active Notch3 was found in the nucleus of
HSC-T6. Second, the expression level of Notch signal-
ing components was elevated including Notch3, Jagged]
and Hes1 in HSC-T6 after TGF-f1 treatment. More
importantly, we also found that specific knockdown of
Notch3 by siRNA antagonized TGF-f1-induced expres-
sion of myofibroblastic marker a-SMA and collagen [ in
HSC-T6, and on the contrary, over-expression of Notch3
increased the expression of myofibroblastic marker in

HSC-T6.

(49

Boienidenge WG | www.wijgnet.com

1401

Inhibition of the y-secretase complex required for
release of the active NICD is the most common method
for targeting Notch signalingm’zzl. Two different inhibitors
are being evaluated in clinical trials for the treatment of
resistant T' cell acute leukemia and advanced breast cancer
(www.clinicaltrials.gov). However, targeting of y-secretase
would result in several adverse events when Notch re-
ceptors from Notchl to Notch4 are affected™¥. In this
study, we found that the selective interruption of Notch3
by siRNA decreased the expression of myofibroblastic
matker in HSC-T6 cells, which provided a potential novel
therapeutic target for liver fibrosis.

However, further studies are required to elucidate
how do other members of Notch family, such as Notchl,
Notch2 and Notch4, play a part in activated HSCs as
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Figure 5 Knockdown of Notch3 decreased the secretion of myofibroblastic marker in hepatic stellate cell-T6. A: Effects of Notch3 knockdown in HSC-T6 us-
ing Notch3 siRNA (N3 si), and control siRNA (Cont si) were investigated. Expression of Notch3, a-smooth muscle actin (SMA) and collagen 1 was detected by West-
ern blotting. Graphic representation of relative level of Notch3, a-SMA and collagen I normalized to B-actin; B: The expression of a-SMA and collagen I was also
detected by immunofluorescence staining (x 400). °P < 0.05 vs control siRNA group, °P < 0.05 vs transforming growth factor (TGF)-B1+control siRNA group. 1: Cont

si; 2: N3 si; 3: TGF-B1+N3 si; 4: TGF-B1+Cont si.

well as the mechanism underlying the Notch signaling in
liver fibrosis. In addition, the contribution of Notch and
TGF-B1 signaling to the liver fibrosis should also be fur-
ther investigated.

In conclusion, we demonstrated for the first time that
Notch3 plays a role in regulating the activation of HSCs
(HSC-T0). Therefore, the selective interruption of Notch3
may have a potential anti-fibrogenic effect in liver fibrosis.

COMMENTS

Background

It is well known that hepatic stellate cell (HSC) activation plays an important
role in fibrosis because these cells are the primary source of extracellular matrix
in liver upon injury. Notch signaling regulates many aspects of morphogenesis
through diverse effects on differentiation, proliferation, and cell survival. Re-
cently, some researches reported that Notch signaling was implicated in human
fibrosis diseases, such as pulmonary, renal and peritoneal fibrosis.

Research frontiers
This study was undertaken to investigate whether Notch signaling is activated
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in HSCs and sequentially contributed to liver fibrosis by regulating the activation
of HSCs.

Innovations and breakthroughs

This is the first study to characterize the role of Notch signaling in liver fibrosis.
This finding indicated that Notch3 may contribute to liver fibrosis by regulating
the activation of HSCs.

Applications

This study showed that the selective interruption of Notch3 by siRNA decreased
the expression of myofibroblastic marker in hepatic stellate cell-T6 cells, which
provided a potential novel therapeutic target for liver fibrosis.

Peer review

This is a very interesting study aimed at investigating the role of the Notch sig-
naling pathway in liver fibrosis. The text is generally well written, with structured
abstract and organized sections. The manuscript has scientific value since it
includes original information about a relevant topic.
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