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Abstract. – OBJECTIVE: The development of
liver fibrosis has been shown to be associated
with the transition of quiescent hepatic stellate
cells (HSCs) into myofibroblastic HSCs, and the
Notch signaling system has been shown to be
activated in this process. The Notch signaling
pathway is also known to regulate epithelial-
mesenchymal transition (EMT).

MATERIALS AND METHODS: In the current
study, quiescent HSCs were examined for ex-
pression of EMT markers, and experiments were
performed to determine whether these markers
change as quiescent HSCs transition into myofi-
broblastic HSCs and whether the process is
modulated by Notch signaling. To promote my-
ofibroblastic transition under experimental con-
ditions, enzymatic perfusion and density gradi-
ent centrifugation were used to isolate rat HSCs,
which were then cultured. A γ-secretase inhibitor
was used to inhibit Notch signaling pathway ac-
tivity in primary rat HSCs.

RESULTS: Upregulated expression of myofi-
broblastic markers was observed, but expres-
sion of quiescent HSC markers and epithelial
markers was downregulated during the transi-
tion of HSC in vitro. Data indicate that expres-
sion of the classical EMT marker; i.e., E-cad-
herin, was decreased and that of N-cadherin and
snail 1 increased. Notch 2 and Notch 3 receptors
and Hey2 and HeyL target genes expression in-
creased significantly as quiescent HSCs transi-
tioned into myofibroblastic HSCs. When Notch
signaling was blocked, however, the myofibrob-
lastic transition of HSCs reverted, and epithelial
marker expression was restored.

CONCLUSIONS: Thus, targeting Notch signal-
ing may provide new insights into the mecha-
nism of HSC transition and may offer a possible
therapeutic target for the treatment of hepatic in-
jury.
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Abbreviations

α-SMA = alpha smooth muscle actin; BSA = bovine
serum albumin; CK-7 = cytokeratin 7; CK-19 = cytoker-
atin 19; DAPI = 4',6-diamidino-2-phenylindole; DAPT =
N - [ N - ( 3 , 5 - d i f l u o r o p h e n a c e t y l ) - L - a l a n y l ] - S -
phenylglycine t-butyl ester; DMSO = dimethyl sulfox-
ide; ECL = electrochemiluminescence; EMT = epithe-
lial-mesenchymal transition; GAPDH = glyceraldehyde-
3-phosphate dehydrogenase; GFAP = glial fibrillary
acidic protein; Hes = hairy and enhancer of split; Hey =
hes-related family bHLH transcription factor; HSCs =
hepatic stellate cells; MET = mesenchymal-epithelial
transformation; MF-HSCs = myofibroblastic HSCs;
NICD = Notch intracellular domain; PBS = phosphate
buffered saline; PPARγ = peroxisome proliferator-acti-
vated receptor-γ; PVDF = polyvinylidene fluoride; Q-
HSCs = quiescent HSCs; SD = standard deviation.

Introduction

Virtually all chronic hepatic insults, such as
toxicity, viral infection, metabolic disturbances,
and immunological factors, cause liver fibrosis1.
Hepatic stellate cells (HSCs) have been implicat-
ed in this fibrogenic process2-4. Following liver
injury, the HSCs go through transdifferentiation,
which is a transition from a quiescent, fat-storing
phenotype to a migratory, myofibroblast-like
phenotype4. This transdifferentiation process oc-
curs gradually and is characterized by the ap-
pearance of the skeletal muscle protein alpha
smooth muscle actin (α-SMA), loss of vitamin A
droplets, and increased cellular proliferation.
Synthesis of fibronectin, collagen I, and tissue
inhibitor of matrix metalloproteinases also in-
creases4. In contrast, liver fibrosis reverses when
myofibroblastic HSCs (MF-HSCs) are induced
to either revert to their quiescent state, undergo
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apoptosis, or become senescent3,4. Understanding
the mechanisms underlying phenotypic switching
may offer insight useful for the development of
antifibrotic therapy.

The Notch signaling pathway is highly con-
served among all animal species. Four Notch re-
ceptors (Notch 1-4) and five ligands have been
discovered in mammals5. Signaling upon ligand-
receptor binding leads to sequential proteolytic
cleavage processes (which can be inhibited by γ-
secretase inhibitors) in the Notch receptor extra-
cellular and transmembrane domain to release
the Notch intracellular domain (NICD)5,6. The
NICD subsequently translocates into the nucleus
and induces the transcription of its target genes,
such as hairy and enhancer of split (Hes) and
hes-related family bHLH transcription factor
with YRPW motif (Hey)5. Increasing evidence
suggests the Notch signalling plays a role in the
development and maturation of most vertebrate
organs7. Notch signaling has also been shown to
participate in tissue fibrosis in various diseases
such as idiopathic pulmonary fibrosis, scleroder-
ma, kidney fibrosis, cardiac fibrosis and liver fi-
brosis8. Moreover, Chen et al9 reported that
blocking Notch signaling was associated with
decreased expression of some myofibroblast
(MF) genes in an HSC-T6 rat cell line (an im-
mortalized MF-HSC). Epithelial-mesenchymal
transition (EMT) is a biological process in
which adherent epithelial cells acquire mes-
enchymal characteristics, promoting migratory
and invasive behaviors10. EMT is documented to
occur in cultured adult hepatocytes, cholangio-
cytes, and HSCs11-14. However, only a few re-
ports15,16 have described the interaction between
Notch and EMT in liver fibrosis.

When freshly isolated HSCs are kept in pri-
mary culture using ordinary culture dishes, the
cells are activated and undergo a gradual pheno-
typic transition17. During this transition or trans-
differentiation, cells increase expression of spe-
cific markers, such as α-SMA and collagen I.
They also develop novel cellular properties that
may be hallmarks for fibrogenic pathogene-
sis17,18. To date, HSC activation has commonly
been studied in vitro using culture activation as
a model for the activation process that HSCs
undergo in vivo17-20. For this reason, the role of
Notch signaling in the transition of Q-HSCs in-
to MF-HSCs in vitro was examined here, and
EMT marker control during this process was as-
sessed for variation as was the potential re-
versibility of EMT in HSCs.

Materials and Methods

Cell Isolation and Culture
Adult male Sprague-Dawley rats (400-450 g)

were obtained for this study (Luwenbio, Shang-
hai, China). All animals had free access to water
and food and were housed in an environment of
30-70% humidity at 18-26°C and a 12 h
light/dark cycle. The experiments followed the
procedures approved by the Ethics Committee of
Shanghai General Hospital, Shanghai Jiaotong
University School of Medicine, Shanghai, China.

HSCs were isolated from the liver of male rats
by enzymatic perfusion using collagenase IV (In-
vitrogen, Grand Island, NY, USA) and pronase E
(Roche, Shanghai, China) followed by density
gradient centrifugation (8.2% Nycodenz, Axis-
Shield, Oslo, Norway) of the resulting cell sus-
pension according previously described meth-
ods19. A medium of 10% serum-supplemented
DMEM (Invitrogen) with streptomycin-penicillin
(Invitrogen) was used for HSC cultures.

On day 4, primary HSC cultures were treated
with γ-secretase inhibitor N-[N-(3, 5-difluo-
rophenacetyl)-L-alanyl-S-phenylglycine t-butyl
ester (DAPT, 10 µM; Sigma-Aldrich, St. Louis,
MO, USA) for 3 days. Controls were treated with
dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis, MO, USA). 

Immunofluorescence
Cells were washed twice in PBS and then

fixed in 4% paraformaldehyde for 30 min. Next,
cells were washed three more times in PBS and
permeabilized with 0.5% Triton X-100 (Sigma-
Aldrich, St. Louis, MO, USA) for 5 min. Cells
were then washed twice with PBS and incubated
with 5% bovine serum albumin (BSA) for 30
min. Next, primary antibodies were added and
incubated at 4°C for 24 h. Primary antibodies
used for HSCs immunostaining were glial fibril-
lary acidic protein (GFAP, Abcam, Cambridge,
MA, USA, diluted 1:200, quiescent HSC mark-
er), and α-SMA (Abcam, diluted 1:100, activated
HSC marker). After three washes with PBS, cells
were incubated with the following secondary an-
tibodies for 1 h: Alex Fluor 594 donkey anti-
mouse IgG or Alexa Fluor 488 goat anti-rabbit
IgG (Invitrogen, Grand Island, NY, USA, both at
1:500). Cell nuclear staining was performed with
4’, 6-diamidino-2-phenylindole (DAPI) for 5 min
and then cells were viewed under confocal laser
scanning microscopy (Leica, Mannheim, Ger-
many). Positively stained cells and total nucleat-
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Gene Forward primer Reverse primer bp Accession no.

GFAP CGTCTCAGTTGTGAAGGTCTATT CAGAAGGATGGTTGTGGACTC 96 NM_017009.2
PPARγ GAGATCCTCCTGTTGACCCAG CCACAGAGCTGATTCCGAAGT 129 NM_013124.3 
α-SMA GCTCCAGCTATGTGTGAAGAGG CAACCATCACTCCCTGGTGTC 151 NM_031004.2
Collagen I CGGAATGAAGGGACACAGA ACCTCTCTCACCAGGCAGAC 148 NM_053304.1
CK-7 CCAGCGTGCCAAGTTAGAGT GCATGAGCATCCTTGATTGC 75 NM_001047870.1
CK-19 GTCTTCCTATGGGGGCATGG TAAAACTTCCACCGCGTCCT 170 NM_199498.2
Desmoplakin AGAACACCCTCAGAAAGCGG TAGGACTACCCTGGTGGAGC 185 XM_225259.8
E-cadherin CTGGGGTCATCAGTGTGGTC CTTGACCCTGGTACGTGCTT 183 NM_031334.1
N-cadherin CTGACTGAGGAGCCGATGAAG TCTCTCTTCTGCCTTTGTAGACG 101 NM_031333.1 
snail1 GGTTCCTGCTTGGCTCTCTT CAGTGGGTTGGCTTTAGTTCT 157 NM_053805.1
Notch 1 CACCCATGACCACTACCCAGTT CCTCGGACCAATCAGAGATGTT 186 NM_001105721.1
Notch 2 CTCCAAGCCGTGTATGAACA TTGATGTCCTCCTCACAGTCC 105 NM_024358.1
Notch 3 TGAGACTGACTTGCTGGACTG CAATGTGTGCCTGTGTAGCC 114 NM_020087.2
Notch 4 CTCTGTCCGCCTTCTTTCTG CAAGCACACACCTCCGTTG 156 NM_001002827.1 
Hes 1 CGACACCGGACAAACCAAA  GAATGTCTGCCTTCTCCAGCTT  174 NM_024360.3
Hey 1 GCCCTGGCTATGGACTATCG CGCTGGGATGCGTAGTTGT 146 NM_001191845.1
Hey 2 TGACAGAAGTGGCGAGGTA CACAGGTGCTGAGATGAGAG 93 NM_130417.1
Hey L CACAGGTGCTGAGATGAGAG CACAGGTGCTGAGATGAGAG 119 NM_001107977.1
GAPDH ATCAACGGGAAACCCATCA GGTGGTGAAGACGCCAGTAG 108 NM_017008.4

Table I. Primer sets for real-time quantitative PCR.

Abbreviations: GFAP: glial fibrillary acidic protein; PPARγ: peroxisome proliferator-activated receptor-γ; α-SMA: alpha
smooth muscle actin; CK-7: cytokeratin 7; CK-19: cytokeratin 19; Hes: hairy/enhancer of split; Hey: hes-related family bHLH
transcription factor; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

and then membranes were incubated with prima-
ry antibodies followed by incubation with HRP-
conjugated secondary antibodies. ECL was used
to visualize protein bands (Pierce Biotechnology,
Waltham, MA, USA). The primary antibodies α-
SMA, GFAP, HeyL, E-cadherin, N-cadherin, cy-
tokeratin 7 (CK-7), and GAPDH were from Ab-
cam, and antibodies cytokeratin 19 (CK-19),
Notch 2, and notch3 were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).
Anti-Hey2 was purchased from Sigma-Aldrich
(St. Louis, MO, USA).

Statistical Analysis
Experimental data are expressed as means ±

standard deviation (SD). At least three indepen-
dent experiments were performed for each exper-
iment. SPSS 21 (SPSS Inc., Chicago, IL, USA)
was used for statistical analyses and a Student’s
t-test and one-way ANOVA were used to com-
pare groups (p < 0.05 was considered statistically
significant).

Results

Primary rat HSC Isolation and Identification
HSCs were isolated from healthy rat livers and,

then, cultured for up to 7 days. Freshly isolated

ed cells were counted in 10 randomly selected
high-power fields. Quantification was carried out
in three individual experiments.

RNA Isolation and Real-Time 
Quantitative PCR (qRT-PCR) Analysis

An RNA Extraction Kit (Takara, Otsu, Shiga,
Japan) was used to extract total RNA from new-
ly separated HSCs. Reverse-transcription of to-
tal RNA (2 µg) into cDNA was conducted with
PrimeScript RT Master Mix (Takara, Otsu, Shi-
ga, Japan). cDNA synthesis was performed at
37°C for 15 min and at 85°C for 5 sec (enzyme
denaturation). A SYBR Green PCT Master Mix
(Takara, Otsu, Shiga, Japan) kit was used for
amplification reactions. Table I lists primer se-
quences used. An Applied Biosystems ViiATM 7
real-time PCR system (Invitrogen, Grand Is-
land, NY, USA) was used to perform qRT-PCR.
Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used to normalize target gene ex-
pression.

Western Blot
Proteins were separated by sodium dodecyl

sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to a PVDF
membrane. Tris-buffered saline containing 0.1%
Tween 20 and 3% BSA was used for blocking
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HSCs were round phase-dense cells containing
refractile lipid droplets, as seen under phase mi-
croscopy (Figure 1A). The typical rapidly fading
blue-green autofluorescence of vitamin A was ob-
served (λ328nm) under a fluorescent microscope
(Figure 1B). GFAP-positive cells were 92.3% ±
2.1% of cells viewed and these were quantified
by counting cells in 10 randomly selected high-
power fields and data from three individual ex-
periments were averaged (Figure 1C). After cul-
ture, HSCs lost cytoplasmic retinoid droplets, as
determined by phase contrast microscopy (Figure
1E), and autofluorescence (Figure 1F), and they
evolved into myofibroblast-like cells, which was
confirmed with immunofluorescent staining for
α-SMA (Figure 1H).

Changes Epithelial and Mesenchymal
Marker Expression After Myofibroblastic
Transition of Primary rat HSCs in Culture

RNA and protein were harvested at regular in-
tervals (0, 3, and 7 d). qRT- PCR was used to
measure gene expression changes. Myofibroblas-

tic markers, such as α-SMA, and collagen I,
were expressed negligibly in freshly plated cells,
as expected but their expression subsequently in-
creased. By day 7, expression of these genes
were 30-fold greater than at baseline (Figure
2A). Peroxisome proliferator-activated receptor-γ
(PPARγ) and GFAP, typical markers of Q-HSCs,
were expressed, but they were downregulated
over time and virtually disappeared at culture
day 7 (Figure 2B). CK-7 and CK-19, which are
typical ductal epithelial cell markers, as well as
desmoplakin, a ubiquitous component of epithe-
lial junctional complexes, were measured in
freshly isolated HSCs (Figure 2C). In addition to
their typical quiescence markers, freshly isolated
HSCs expressed epithelial cell markers, and ex-
pression of these genes decreased as HSCs de-
veloped a more mesenchymal phenotype, charac-
terized by robust expression of several myofi-
broblastic markers (Figure 2C).

Epithelial factor expression was repressed dur-
ing culture, allowing HSCs to develop a more
myofibroblastic and less epithelial phenotype.

Figure 1. Identification of hepatic stellate cells (HSCs). A, HSCs appear as round phase-dense cells containing refractile lipid
droplets at Day 1. B, HSCs display typical rapidly fading blue-green autofluorescence at Day 1. C, HSCs display positive red
signals for the quiescent HSCs marker, GFAP, at Day 1. D, α-SMA expression was almost undetectable in HSCs at Day 1. D,
HSCs lost lipid droplets gradually and transformed into myofibroblasts at Day 7. F, HSCs lost blue-green autofluorescence at
Day 7. G, GFAP is rarely expressed in HSCs at Day 7. H, HSCs display positive green signals for the activated HSC marker
α-SMA at Day 7. Nuclei stained with DAPI for confocal microscopy.
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Because phenotypic changes we observed were
reminiscent of EMT, we also observed primary
HSCs at intervals (0, 3, and 7 d) during cell cul-
ture to identify changes in classical EMT mark-
ers. Culture-induced transition of HSCs upregu-
lated expression of several factors, including N-
cadherin and snail1 and downregulated expres-
sion of E-cadherin (Figure 2D). Cell protein
changes during culture were tracked with West-
ern blot and data indicated that mRNA expres-
sion changes mimicked those alterations at the
protein level (Figure 2E). α-SMA and N-cad-
herin protein in HSCs increased markedly over
time in culture, but GFAP, CK-7, CK-19, and E-
cadherin expression decreased (Figure 2E). The
concept that Q-HSCs have epithelial features was
strongly supported by aggregate gene expression
changes we observed. Also, data suggest that Q-
HSCs underwent an EMT-like process when
changing to a myofibroblastic phenotype under
standard culture conditions.

Notch Signaling was Up-Regulated 
During myofibroblastic Transition of
Primary Rat HSCs in Culture

We measured Notch-pathway gene expression
in freshly isolated primary rat HSCs and in cul-
ture-activated MF-HSCs at 3 and 7 days. MF-
HSCs had more Notch 2 and 3 expression com-
pared to Q-HSCs (day 0; Figure 3A). Expression
of various Notch target genes (e.g., Hes1, Hey1,
Hey2, and HeL) were quantified with qRT-PCR
to assess pathway changes as Q-HSCs transi-
tioned into MF-HSCs. During HSCs activation,
Hey 2 and Hey L mRNA expression increased
significantly (Figure 3B). Western blot confirmed
that Notch 2 and 3, Hey2 and HeyL mRNA in-
creases were accompanied by increases in related
proteins (Figure 3C). Together with other data
shown in Figures 2, these findings indicate that
the Notch pathway is activated during the transi-
tion from an epithelial gene expression pattern to
a mesenchymal pattern in primary rat HSCs.

Figure 2. Epithelial and mesenchymal expression changes in culture-induced transition of primary rat Q-HSCs to MF-HSCs.
A, qRT-PCR analysis of myofibroblastic markers: α-SMA, collagen I. B, qRT-PCR analysis of markers of quiescent HSCs:
PPARγ, GFAP. C, qRT-PCR analysis of epithelial markers: CK-7, CK-19, and desmoplakin. D, qRT-PCR analysis of epithe-
lial-mesenchymal transition (EMT) markers: E-cadherin, N-cadherin, snail 1. Values are means ± SD of triplicate experiments.
*p < 0.05, and **p < 0.01 vs. 0 Day. E, Representative Western blot analysis of α-SMA, GFAP, CK-7, CK-19, E-cadherin and
N-cadherin from primary rat HSCs. Data are averages of experiments performed in triplicate.
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Notch Signaling Differentially Regulated
Mesenchymal and Epithelial Markers in
Primary Rat HSCs

To investigate the functional significance of
Notch signaling in HSCs, primary rat HSCs were
cultured for 4 days to induce myofibroblastic
transdifferentiation and, then, treated with DAPT
for an additional 3 days. As expected, MF-HSC
studies confirmed that DAPT treatment signifi-
cantly reduced mRNA expression of several
Notch target genes (Hey 2, and Hey L) (Figure
4A). Western blot confirmed that mRNA sup-
pression was accompanied by decreased protein
expression, suggesting that DAPT inhibited
Notch signaling activity in culture-activated MF-
HSCs.

Blocking Notch signaling in MF-HSCs re-
pressed expression of snail 1 (Figure 4B) and this
was accompanied by increased expression of E-
cadherin mRNA, and decreased expression of N-
cadherin mRNA (Figure 4B) – so-called cadherin
switches17. In addition, blocking Notch signal-
ing in MF-HSCs significantly increases epithelial
markers such as CK-7, CK-19, and desmoplakin
(Figure 4C).

Interestingly, when Notch signaling was in-
hibited and MF-HSCs reverted to a more ep-
ithelial phenotype, expression of myofibroblast
genes (α-SMA, collagen I) were downregulated
(Figure 4D).

Whole cell proteins were harvested and ex-
pression of representative mesenchymal and ep-
ithelial markers were quantified with Western
blot to verify changes in mRNA expression were
accompanied by cellular protein changes. Treat-

ment with DAPT, increased whole cell content of
CK-7, CK-19, and desmoplakin protein and in-
hibited accumulation of α-SMA and collagen I
protein (Figure 4E). In addition, Western blot
demonstrated that DAPT treatment of MF-HSCs
increased expression of E-cadherin protein, and
decreased expression of N-cadherin protein (Fig-
ure 4E). In summary, blocking Notch signaling
in MF-HSCs inhibited the expression of many
mesenchymal markers and restored expression of
several epithelial markers.

Discussion

Notch 2 and 3 receptor expression was up-reg-
ulated as were target genes Hey2 and Hey L
when primary rat Q-HSCs transitioned to MF-
HSCs in vitro. Our findings in primary rat HSCs
differ somewhat from those that were reported in
an immortalized rat HSC line, which was shown
to express mainly Notch 3 and hey 19. This may
be the difference between primary and immortal
cell lines17. However, as were noted in that im-
mortalized rat HSC lines9, we also found that
Notch signal is activated in MF-HSCs. More-
over, we reported that primary MF-HSCs revert-
ed to a less myofibroblastic phenotype when
treated with DAPT, a specific Notch-signaling
inhibitor. Therefore, Notch pathway activation
promotes cell-autonomous transition of Q-HSCs
into MF-HSCs, and cells remain myofibroblastic
as long as Notch signaling persists. Then, they
revert to a more quiescent and epithelial pheno-
type when Notch signaling is inhibited.

Figure 3. Notch signaling activity occurs with the transdifferentiation of primary HSCs. A, qRT-PCR analysis of Notch re-
ceptors in HSC (Day 0, 3, and 7). B, qRT-PCR analysis of Notch target genes in HSC (Day 0, 3, and 7). Values are means ±
SD of triplicate experiments. *p < 0.05, and **p < 0.01 vs. 0 Day. C, Western blot analysis of protein harvested from primary
rat HSCs. Results are representative of triplicate experiments. Data are averages of experiments performed in triplicate. 
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We observed that transformation of rat Q-HSCs
into MF-HSCs is similar to EMT. Moreover, MF-
HSCs may be able to undergo a mesenchymal-ep-
ithelial transformation (MET)-like process that
permits them to resume a less myofibroblastic,
more epithelial phenotype. However, these reports
have received considerable skepticism and Q-
HSCs are presently not regarded as epithelial
cells21-23. HSCs are thought to be derived from car-
diac-associated mesenchymal cells during liver
development. Likely, cardiac-associated mes-
enchymal cells migrate to nascent liver bud and
mingle with infiltrating endodermal progeni-
tors22,23. These cells then ultimately reside beneath
the mesothelial lining of the primitive liver22,23.

Such cells express mesenchymal markers and,
thus, are generally considered to be mesenchy-
mal22. However, our data and data from the work
of others13,14,24-26 suggest that freshly isolated Q-
HSCs contain genes that express epithelium-asso-
ciated keratins and junctional complex compo-
nents, such as CK-7, CK-19 and desmoplakin. In
addition, HSCs have also been shown to form in-
tercellular junctions with hepatocytes and other
HSCs in vitro25. A key characteristic of epithelial
cells is their ability to generate adherent cell layers
and form cell-to-cell connections10. In this light,
HSCs have EMT-like properties13,21.

A hallmark EMT initiation is a change in E-
cadherin expression and this is considered to be

Figure 4. Notch signaling inhibition altered epithelial and mesenchymal markers expression in cultured primary rat HSCs.
qRT-PCR analysis of primary HSC at Day 4 treated with DAPT (a pharmacological inhibitor of Notch signaling) or DMSO
(control) for 3 days for changes in (A) Notch target genes, (B) epithelial-mesenchymal transition (EMT) markers, (C) epithe-
lial genes, and (D) myofibroblastic markers. *p < 0.05, and **p < 0.01 vs. DMSO control; n = 3. (E) Effects of inhibiting
Notch signaling on representative epithelial and mesenchymal marker protein expression in cultured primary rat HSCs treated
with DAPT. Changes in protein expression of Hey 2, Hey L, snail 1, E-cadherin, N-cadherin, CK-7, CK-19, and α-SMA were
quantified with Western blot. Data are averages of experiments performed in triplicate.



a reliable marker for EMT27. E-cahderin down-
regulation is essential for epithelial homeostasis,
and this can lead to decreased expression of ad-
ditional epithelial markers, such as tight junction
proteins, desmosomal proteins and cell polarity
components during EMT28. Snail 1 is a zinc-fin-
ger binding transcription factor, most widely
recognized as a suppressor of E-cadherin expres-
sion. Snail 1 binds the E-cadherin promoter, re-
pressing its transcription29. The cadherins classi-
cal subfamily includes N-cadherin, which has
five extracellular cadherin modules. N-cadherin
has been shown to enhance tumor cell motility
and migration, an effect that opposes E-cadherin
activity30,31. Moreover, study of rat liver fibrosis
reveal that resting HSCs express E-cadherin and
β-catenin, and that E-cadherin is changed to N-
cadherin when HSCs are activated14. We there-
fore chose N-cadherin, E-cadherin, and snail1 as
the classical EMT markers in this study. Our da-
ta show that a switch in expression from E-cad-
herin to N-cadherin occurred and Snail1 expres-
sion increased during the transdifferentiation of
HSCs. This is consistent with previous reports14.
We also report that inhibition of Notch signaling
in MF-HSCs reversed cadherin switching and
repressed Snail 1 expression, another finding
that agreed with published data32 regarding renal
fibrosis–that inhibition of Notch limited EMT
development in human primary tubular epithe-
lial cells.

Primary Q-HSCs from healthy livers that have
been cultured in plastic containers with serum-
containing medium can promote Q-HSC transi-
tion to MF-HSCs. These primary cultures also
have been reported to expand myofibroblastic
cell populations, an event similar to processes of
hepatic fibrosis in vivo17,18. However, additional
in vivo research is needed to confirm the find-
ings.

Conclusions

We found that Notch pathway activation is
key for the transition of Q-HSCs into MF-HSCs
and our data suggest that inhibition of Notch sig-
naling allows MF-HSCs to enter an MET-like
process in which they reacquire a more quiescent
phenotype. Thus, targeting Notch signaling may
provide new insights into the mechanism of liver
injury as well as targets for potential therapeutic
interventions.
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