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Abstract: Hepatic stellate cells (HSCs) play an important role in liver fibrosis and portal hypertension. This study es-
tablished a new rat HSC cell line LSC-1. Liver ex vivo perfusion with collagenase IV and density gradient centrifuga-
tion were used to isolate rat HSC. Cells have been maintained in culture for multiple passages. LSC-1 cell biological
characteristics were studied. LSC-1 cell have been maintained in culture over 100 passages. This new HSC cell line
express telomerase reverse transcriptase (TRT) and p53, suggesting that it is immortalized spontaneously. LSC-1
cells have a doubling time of 46 hours and their growth is serum-dependent. Karyotypic analysis revealed that LSC-
1 cells possess normal chromosome phenotype. Moreover, LSC-1 cells do not grow in soft agar or induce tumors
in nude mice, suggesting that they are not transformed. LSC-1 cells express desmin, glial fibrillary acidic proteins
(GFAP), collagen type | and lll, a-smooth muscle actin (a-SMA), transforming growth factor B1 (TGF-B1), platelet
derived growth factor B (PDGF-B) and inducible nitric oxide synthase (iNOS). TGF-B1 stimulation increased collagen
type | and Ill expression in LSC-1 cells. Additionally, LSC-1 cells proliferate in response to PDGF-BB, and contract
in response to endothelin-1 (ET-1). In summary, LSC-1 cells exhibit activated HSC phenotype characteristics, and
therefore are useful tool to study the pathogenesis of liver cirrhosis and portal hypertension.
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Introduction

Hepatic fibrosis is a common result of chronic
liver injury and may progress to liver cirrhosis
and portal hypertension. The main feature of
hepatic fibrosis is deposition of extracellular
matrix (ECM) protein, e.g. collagen, vimentin,
fibronectin, et al. Due to technological advanc-
es in isolation, culture and characterization of
hepatic parenchymal and non-parenchymal
cells from normal and injured livers, it has been
proved that hepatic stellate cells (HSCs) are the
major source of ECM [1-10]. HSCs reside in the
space of Disse, in close contact with sinusoidal
endothelial cells and hepatocytes. A character-
istic feature of HSC is that they possess long,
branching cytoplasmic processes. In normal
liver, HSCs are responsible for the transport
and storage of retinoids and for the production
of basement membrane components. After
liver injury, HSCs are activated. The maker of
HSCs activated phenotype is the expression of
the intracellular microfilament protein a-smooth

muscle actin (x-SMA). Activated HSCs lose reti-
noids, produce increased level of ECM, and
express cytokins and its receptors. Many stud-
ies have also revealed that HSC possess con-
tractility. Thus, HSCs play a key role in regula-
tion of hepatic microcirculation and pathogen-
esis of portal hypertension [5, 11-16].

Isolation of HSC from the liver makes it possible
to directly examine their mechanism of activa-
tion and related changes in gene expression
[17-19]. HSC isolation is a complex and time-
consuming procedures and is dependent on the
availability of liver specimens. Additionally,
yields are low and several weeks in culture are
required to obtain sufficient cell numbers to
perform experiments. Therefore, establishment
of an HSC cell line will be a valuable tool for
studying the mechanism of liver fibrosis and
portal hypertension.

In this study, we established a rat HSC cell line,
which possesses activated HSCs characteris-
tics.
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Table 1. Antibodies used for immunocytochemistry and Western blot

Primary antibody

Source Company, Country

Desmin

Glial fibrillary acidic proteins (GFAP)
a-smooth muscle actin («-SMA)
Collagen type |

Collagen type llI

Inducible nitric oxide synthase (iNOS)
Platelet derived growth factor-B (PDGF-B)
Transforming growth factor-B, (TGF-8,)
p53

Telomerase reverse transcriptase (TRT)
o-tubulin

Mouse, monoclonal
Mouse, monoclonal
Mouse, monoclonal
Rabbit, polyclonal
Rabbit, polyclonal
Rabbit, polyclonal
Rabbit, polyclonal
Rabbit, polyclonal
Rabbit, polyclonal
Rabbit, polyclonal

DAKO, Denmark
DAKO, Denmark
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA
Santa Cruz, CA, USA

Goat, polyclonal Santa Cruz, CA, USA

Materials and methods
Isolation and culture of primary rat HSCs

Rat HSCs were isolated from normal Wistar
rats by liver ex vivo perfusion of collagenase
type IV and density gradient centrifugation
methods [20-23]. Isolated HSCs were seeded
on uncoated plastic tissue culture dishes and
cultured in Dulbecco’s modified Eagle’'s medi-
um (DMEM; Gibco BRL, Grand Island, New York,
USA) supplemented with 20% fetal bovine
serum (FBS) (Hyclone, Logan, UT, USA). Cell
viability was determined by Trypan blue exclu-
sion staining. Cells were counted under fluores-
cence microscopy for auto-fluorescence at a
wavelength of 328 nm. HSC purity was identi-
fied by immunocytochemistry detection of the
expression of either desmin or glial fibrillary
acidic proteins (GFAP). All animals received
humane care and study protocols complied
with Peking University People’s Hospital
guidelines.

Morphological and growth characterization

HSCs were observed under light phase-con-
trast microscope, and were processed for
transmission electron microscopy and scan-
ning electron microscopy using standard tech-
niques. To determine cell growth curves, cells
were seeded in 24-well plates at a density of
1x10%/well in DMEM containing 10% FBS. Cells
were maintained in culture for 8 days and were
trypsinized and counted in triplicate at 24-hour
intervals. Doubling time was calculated from
the linear portion of the growth curve. Serum
dependence was checked by growing the cells
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in medium with serum concentrations of 1%,
3%, 5%, and 10%.

Telomerase activity and p53 expression

Telomerase activity and p53 expression were
analyzed by Western blot and immunocyto-
chemistry in several passages (i.e. passages 1,
30, 50, 70 and 100) during the course of cell
line development. Primary antibodies against
telomerase reverse transcriptase (TRT) and
p53 were used to detect telomerase and p53.
Details of the primary antibodies are shown in
Table 1.

Karyotypic analysis and soft agar assay

Cells from the 100" passages were used for
Karyotypic analysis, chromosomal prepara-
tions took place with conventional air-drying
methods, and chromosomal analysis was per-
formed using trypsin-Giemsa procedures. The
ability of HSC cells to sustain anchorage-inde-
pendent growth was assessed by seeding cells
in soft agar. The soft agar assay was performed
as described previously [24].

In vivo tumor generation assay

Cells from the 100™ passage were prepared in
PBS at a density of 5x10". 4 to 6-week-old
BALB/c nude mice were used for tumor forma-
tion assay. A total of 5x10° cells were injected
subcutaneously. BEL 7402 hepatocellular can-
cer cells were used as a control. The nude mice
were observed for up to 4 weeks for tumor
formation.
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Table 2. RT-PCR primers and products lengths

Primers  Sequences Length of

the Products

TGF-B,  5TGAGTGGCTGTCTTTTGACG-3 146 bp
5-TGGGACTGATCCCATTGATT-3

PDGF-BB 5-GATCCGCTCCTTTGATGATC-3 435 bp
5-GTCTCACACTTGCATGCCAG-3

B-actin  5-TGGGACGATATGGAGAAGAT-3 523 bp
5-ATTGCCGATAGTGATGACCT-3

Immunocytochemical analysis

Cells from the several passages (passages 1,
30, 50, 70 and 100) were cultured on cover
slips in the presence of DMEM containing 10%
FBS. Specific cellular protein expression was
checked using primary antibodies against des-
min, GFAP, collagen type | and Ill, transforming
growth factor-B, (TGF-B,), platelet derived
growth factor-B (PDGF-B), a-SMA and inducible
nitric oxide synthase (iNOS). Details of antibod-
ies are shown in Table 1.

Expression of TGF-1 and PDGF-BB

Total RNA from several cell passages (passag-
es 1, 30, 70 and 90) was isolated from subcon-
fluent cells using Trizol Reagent (Gibco BRL).
RT-PCR was performed to determine TGF-3,
and PDGF-BB expression. Primer sequences
and product lengths are shown in Table 2.
B-actin was used as a control. All PCR reaction
was performed in a total volume of 25 ul. PCR
mixture contained 10 mM Tris-Cl (pH 8.3), 50
mM KCI, 1.5 mM MgCl, 0.01% gelatin, 200
pmol each primer, 2 U Tag DNA polymerase,
and 0.5 ul cDNA. Amplification was performed
by denaturation at 94°C for 2 min, followed by
30 cycles at 94°C for 30 s, 55°C for 30 s, and
72°C for 30 s with a final extension at 72°C for
5 min. PCR products were electrophoresed on
2% agarose gel.

Expression of a-SMA by western blot analysis

Cells from several passages (passages 1, 30,
50 and 70) were cultured and cellular total pro-
teins were extracted. Proteins were separated
on 10% denaturing sodium dodecyl sulfate-
polyacrylamide gels, and transferred to pyroxy-
lin membranes. Membranes were blocked for 3
to 4 h in Tris-buffer saline with Tween-20.
Membranes were incubated with mouse anti-o-

12066

SMA and goat anti-a-tubulin antibodies
(1:3000) overnight at 4°C. Secondary antibody
linked to horseradish peroxidase (anti-rabbit
1:3000) was added and incubated for 2 h at
room temperature. Membranes were subse-
quently incubated in Chemiluminescence
Luminol Reagent (Santa Cruz Co. USA) to visual-
ize proteins. Goat anti-a-tubulin antibody was
used as a control.

Effect of TGF-B1 on collagen types | and Ill ex-
pression

Cells from the 100" passages were seeded at
a density of 2x10%/ml onto 12-well plates in
DMEM containing 10% FBS. After reaching sub-
confluence, cells were washed and incubated
for 4 h with DMEM containing 0.05% FCS. Cells
were then incubated with or without 5 ng/ml
TGF-B, (PeproTech. Rocky Hill, NJ, USA). To
determine the effects of TGF-B, on collagen
type | and Il expression, cells were maintained
in culture for 48 h. Determination of collagen
type | and Ill expression was subsequently car-
ried out by Western blot analysis.

Effect of PDGF-BB on cell proliferation

Several cell passages were assayed for their
proliferative response to PDGF-BB stimulation
in serum-free conditions by [*H] thymidine
incorporation. The cells were incubated in
medium in the presence or absence of 10 ng/
ml PDGF-BB (PeproTech. Rocky Hill, NJ, USA)
with 1 uCi/ml [3H] thymidine.

Preparation of silicone rubber membrane and
cell contraction

Silicone rubber membrane was prepared as
described previously [25]. Briefly, dimethylpoly-
siloxane-12M and dimethylpolysiloxane-60M
were mixed to produce 30000 centipoise sili-
cone fluids. The silicone fluid was spread in a
relatively thick layer onto one surface of a cover
slip. This surface was then turned face down
into the top of a Bunsen-burner flame for 2 sec.
During flaming, a sheen of tiny wrinkles formed
on the fluid surface, and if the cover slip was
withdrawn as soon as these were seen, they
will reflattened to form the desired smooth,
elastic, nontoxic, and transparent surface.

Cells were seeded at a density of 1x10%/ml on
a dish containing silicone rubber membrane

Int J Clin Exp Pathol 2015;8(10):12064-12074
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Figure 1. A: HSCs contain lipid droplets in the perinuclear zone (original mag-
nification, x200). B: Fluorescence microscopy demonstrates the fluorescence
of vitamin A in same field of vision (original magnification, x200). C: Morpho-
logical characteristics of LSC-1 at the 100" passage observed under light
phase-contrast microscope (original magnification, x200). D: Scanning elec-
tron microscopy shows the long branching cytoplasmic processes and typical
stellate appearance of LSC-1 at the 100" passage (original magnification,
x1000).

lin-1 administration. Wrinkle
changes around cells in the
same field of vision were
analyzed to estimate the cell
contractions. Increases of
wrinkles indicated, cell con-
traction and decreases of
wrinkles indicated cell rela-
xation.

Statistical analysis

The final value of data was
expressed as mean * stan-
dard deviation (xs) and
statistical analyses included
the univariate variance anal-
ysis and t-test. P<0.05 was
considered statistically signi-
ficant.

Results

Establishment of rat HSC
cell line LSC-1

Primary HSC yield rates were
(2.93+0.09) %107 and cell
viability exceeded 98%. The
purity of primary HSC was
higher than 97%. Primary
HSCs showed characteristic
vitamin A fluorescence. Ap-
proximately 80% of fresh iso-
lated HSCs displayed auto-
fluorescence at a wavelength
of 328 nm under fluores-
cence microscopy. HSCs
were maintained in culture
until reaching confluence
after 20 d. Cells were trypsin-
ized, passaged at a ratio of
1:2 and cultured in DMEM
supplemented with 10% FBS
in 5% CO, at 37°C. Initially,
cells were trypsinized at 7- to
10- d intervals and under-
went up to 20 passages at a
ratio of 1:2. After the 20%
passage, cells were split 1:3

cover slip. After culturing for 3 days, endothe- at 5- to 6- d intervals. After the 50" passage,
lin-1 (ET-1) was added to the DMEM medium cells were split 1:4 at 3- to 4- d intervals. To
(final ET-1 concentration 2x10° mol/L). PBS date, these cells have been maintained in cul-
was added to another dish as a control. Photos ture over 100 passages. Samples of trypsin-
were taken before and after 20 min of endothe- ized cells at each passage were stored in liquid
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nitrogen. Cells that were kept frozen and then
cultured showed the same morphological char-
acteristics and proliferation. This cell line was
named LSC-1.

Morphological characteristics and cell growth
curve

After 3 d culturing on uncoated plastic disks,
primary HSC cells were spread out and con-
tained lipid droplets in the perinuclear zone
under phase microscopy, demonstrating the
fluorescence of vitamin A (Figure 1A, 1B).
LSC-1 cells resemble the morphological char-
acteristics of activated HSC, possess many
spreading long branching cytoplasmic process-
es, and exhibit a typical “stellate” appearance
(Figure 1C, 1D). LSC-1 cells at the 100™" pas-
sages showed contact inhibited at high cell
density, and did not form foci of proliferating,
multi-layered cells. The Cell doubling time of
LSC-1 cells at the 100" passages was 46 h.
LSC-1 cells growth was serum dependent.
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70

expressed during cell line devel-
opment.

100

LSC-1 cells were immortalized

As shown in Figure 2, LSC-1 cell passage 1 was
negative for telomerase activity. However, cells
at the 30" passages displayed telomerase
activity, and telomerase reverse transcriptase
(TRT) expression increased gradually during
the course of cell line development.
Immunocytochemistry analysis suggested that
TRT was primarily expressed in the nucleus
(Figure 2A). Additionally, LSC-1 cells at the 1%
and 30" passages were p53 negative. The p53
protein was expressed in the 50™" passage of
LSC-1 cells and expression increased gradually
thereafter (Figure 2C). Immunocytochemistry
analysis indicated that the p53 protein
expressed in the nucleus (Figure 2B). These
results suggest that LSC-1 cells became immor-
talized spontaneously.

LSC-1 cells showed no signs of oncogenic
transformation

LSC-1 cell karyotype at the 100" passage was
analyzed randomly in 108 metaphase nuclei.

Int J Clin Exp Pathol 2015;8(10):12064-12074
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Figure 3. A: LSC-1 cells express desmin (original magnification, x200). B: LSC-1 cells express GFAP (original magni-
fication, x200). C: LSC-1 cells express collagen type | (original magnification, x200). D: LSC-1 cells express collagen
type lll (original magnification, x200).

80% (86/108) displayed 42 chromosomes.
18% (20/108) displayed 43 chromosomes, and
only 2% (2/108) displayed 44 chromosomes.
This indicated that LSC-1 cells have a normal
rat karyotype. Soft agar assay revealed no cell
colony formation after culturing in soft agar for
14 days. As a positive control, Hela cells did
form colonies. Potential LSC-1 cell in vivo tumor
formation was examined 4 wks, after inocula-
tion, no palpable tumor nodules were produced
in nude mice, but tumor transplantation was
observed during week 1 in the BEL 7402 cell
group. Taken together, these findings indicated
no evidence for the oncogenic transformation
of LSC-1 cells.

LSC-1 cells express desmin, GFAP, collagen
type I and Ill, TGF-3,, PDGF, a-SMA and iNOS

The cellular intermediate filament proteins des-
min and GFAP were expressed in LSC-1 cells
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(Figure 3A, 3B). The ability of LSC-1 cells to pro-
duce ECM proteins collagen type | and Il was
shown immunocytochemically (Figure 3C, 3D).
TGF-B, and PDGF-BB and their mRNA and pro-
tein were expressed in LSC-1 cells (Figure 4).
o-SMA was also expressed in LSC-1 cells
(Figure 5A). Additionally, LSC-1 cells were posi-
tive for iINOS (Figure 5B).

TGF-B, stimulates collagen types I and Il in
LSC-1 cells

TGF-B, is a potent primary HSC fibrogenic cyto-
Kine that stimulates expression of ECM such as
collagen type | and Il In this study, we showed
that LSC-1 cells retain responsiveness to TGF-
B,. TGF-B, treatment of LSC-1 cells increased
expression of collagen type | protein by 23%,
and collagen type Il protein by 16%, as
assessed by Western blot analysis (Figure 6).

Int J Clin Exp Pathol 2015;8(10):12064-12074
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LSC-1 cell proliferation induced by PDGF-BB

The most potent mitogen towards activated
HSCs is PDGF. In this study, LSC-1 cell prolifera-
tion was increased by PDGF-BB, as is shown in
the cell growth curve (Figure 7A). After a period
of serum starvation, stimulation of LSC-1 cells
with 10 ng/ml PDGF-BB for 24 h resulted in a
2.4-fold increase of [*H] thymidine incorpora-
tion as compared with the control (Figure 7B).

LSC-1 cell contractility induced by ET-1
Silicone rubber membrane is sensitive and reli-

ably measures cell contractility. In this study,
after culturing on silicone rubber membrane for
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«TGF-p,

«p-actin

Figure 4. A: LSC-1 cells express
TGF-B1 (original magnification,
x200). B: LSC-1 cells express
PDGF-B (original magnifica-
tion, x200). C: LSC-1 cells
express TGF-31 and PDGF-BB
mMRNA detected by RT-PCR.

«PDGF-BB

3 days, membrane wrinkles were formed
around LSC-1 cells (Figure 8). This indicates the
contractility of LSC-1 cells. After ET-1 adminis-
tration for 20 min, the number of wrinkles
increased (Figure 8).

Discussion

Research on HSCs has made great advances
since Knook et al. [20] successfully isolated
and cultured HSC in 1982. Subsequently,
numerous studies have shown that HSC plays a
fundamental role in liver fibrogenesis [1-10].
HSC has become a focus in understanding the
mechanisms involved in hepatic fibrogenesis.
Although great progress has been made in the

Int J Clin Exp Pathol 2015;8(10):12064-12074
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Figure 6. TGF-B1 stimulates collagen type | and
Ill expression in LSC-1 cells. After incubation,
in medium in 10 ng/ml TGF-B1, collagen type |
expression increased by 23% and collagen type
Ill expression increased by 16%. Experiments
were performed in triplicate. Data represent the
mean * SD, compared with control, *P<0.05.
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Figure 5. A: LSC-1 cells ex-
press o-SMA (original magni-
fication, x200). B: LSC-1 cells
express iNOS (original magni-
fication, x200). C: LSC-1 cells
express o-SMA detected by
Western blot.

Ocontrol *
B TGF-B6

HSC isolation and culture, these procedures
remain complex and time-consuming and yields
are low because of the small proportion of HSC
in liver cells. Therefore, establishment of an
HSC cell line is of significant importance for the
study of HSC biology and the mechanism of
liver fibrosis.

In this study, we established a new rat hepatic
stellate cell line LSC-1, which was isolated from
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Collagen | Collagen Il

normal Wistar rats. To date, cells have been
cultured over 100 passages. During the course
of cell line development, LSC-1 cells displayed
TRT and p53 expression. Normal cells in cul-
ture divide a limited number of times and then
enter a non-dividing state termed (replicative
senescence). Telomeres undergo progressive
shortening with successive cell divisions in nor-
mal cells, and cellular senescence is thought to
be induced when telomeres shorten beyond a

Int J Clin Exp Pathol 2015;8(10):12064-12074
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Figure 7. A: PDGF-BB stimulates LSC-1 proliferation; LSC-1 cells were incubated in medium in the presence or ab-
sence of 10 ng/ml PDGF-BB. Cell counts were performed in duplicate from day 1 to day 8 in culture. Data represent
the mean + SD. B: For [3H] thymidine incorporation assay, LSC-1 cells were serum starved for 24 h in serum-free
medium and afterwards were stimulated with 10 ng/ml PDGF-BB for another 24 h in medium containing 1 pCi/ml
[®H] thymidine. LSC-1 cells maintained in 0% FCS served as a control. Experiments were performed in triplicate.
Data represent the mean * SD; as compared with control, P<0.05.

critical length. Telomere shortening controls
the entry of cells into senescence. Expression
of the telomerase catalytic subunit stabilizes
telomere length and extends the life span of
various normal cells [26-28]. Cell-cycle check-
points, such as p53, also contributed to cell
immortalization [29]. TRT and p53 expression
might have enabled LSC-1 cells to overcome
senescence and crisis, accounting for their
extended life span. Our results suggest that
LSC-1 cells are immortalized spontaneously.
Additionally, these cells have a doubling time of
46 h and their growth is serum-dependent.
Karyotypic analysis revealed that LSC-1 cells
have a normal rat chromosome phenotype.
Moreover, LSC-1 cells do not grow in soft agar
or induce tumors in nude mice, suggesting that
they are not transformed.

LSC-1 cells resemble the characteristics of acti-
vated HSC. Morphological features, include
lose vitamin A droplets, increases in cell size,
possession of spreading long cytoplasmic pro-
cesses and a typical stellate appearance.
LSC-1 cells express desmin and GFAP simulta-
neously, these two intermediate filament pro-
teins are the reliable markers for HSC [3, 4, 10].
Additionally, LSC-1 cells express a-SMA, which
is the characteristic marker of activated HSC
[11, 12]. These cells also have the ability to pro-
duce ECM proteins, such as collagen type | and
lll. TGF-B, and PDGF-BB, the two major cyto-
kines involved in HSC activation, are also
expressed in LSC-1 cells. Finally, LSC-1 cells
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have contractile abilities. All these features
depict this new cell line as being extremely sim-
ilar to activated phenotype of HSC.

It is well established that cytokines play a key
role in HSC activation. TGF-B, and PDGF are the
two major cytokines involved in hepatic fibrosis
[1, 30]. TGF-B, appears to play a central role in
the cytokine network involved in fibrogenesis
[30-32]. TGF-B, is believed to be involved in the
synthesis and deposition of ECM components
such as collagens type | and lll, and fibronectin
et al. It has been shown that the level of mMRNA
for TGF-B, is tightly correlates with liver biop-
sies of patients with chronic liver disease [33,
34]. Additionally, PDGF-BB is known as the
most potent mitogen for HSC, and is over-
expressed during active hepatic fibrogenesis
[16, 33]. In this study, we showed that LSC-1
cells retain responsiveness to TGF-B, and
PDGF-BB. TGF-B, treatment of LSC-1 cells
increased expression of collagen type | and Il
LSC-1 cells also proliferate in response to
PDGF-BB. Consequently, LSC-1 cells may be
used as a valuable cell model for studying the
mechanism of HSC activation.

LSC-1 cells are also to contract in response to
endothelin-1. Contractility is an important HSC
function. HSCs reside in the space of Disse, in
close contact with sinusoidal endothelial cells.
Their long branching cytoplasmic processes
surround liver sinusoidal. Therefore, HSC con-
tractility plays a role in the regulation of the

Int J Clin Exp Pathol 2015;8(10):12064-12074
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Figure 8. LSC-1 cell contraction induced by endothelin-1. A: Before ET-1
administration (original magnification, x400). B: After 20 min endothelin-1
administration, the number of wrinkles increased (original magnification,
x400). C: To analyze LSC-1 cell contractility, cells were cultured on silicone
rubber membrane for 3 d, membrane wrinkles were formed around cells
(original maghnification, x400).

hepatic microcirculation and affects distribu-
tion of liver blood flow and portal vein resis-
tance [12-14, 35]. Additionally, LSC-1 cells
express iNOS. Thus, this cell line can be used to
study the mechanism of HSC contraction and
to select drugs for reducing portal vein
pressure.

In summary, our study established a new rat
HSC cell line, LSC-1, which possesses the char-
acteristics of activated HSC phenotype. It will
be a valuable tool with which to study the bio-
logical function of HSC and pathogenesis of
liver fibrosis and portal hypertension.
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