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Abstract

At the cellular level, the activation and transdifferentiation of quiescent hepatic stellate cells (HSC) into 
myofibroblasts is the key process involved in hepatic fibrogenesis that is associated with an increased and
altered deposition of extracellular matrix components in the liver. The temporal sequence of molecular events
associated with stellate cell activation turned out to be appropriately mimicked when HSC isolated from 
normal livers are cultured on uncoated plastic surface. Therefore, cultured primary cells isolated from rodents
and human beings are common in vitro models in investigations addressing these issues of hepatic stellate
biology and function. However, the limited supply, cost-effective isolation procedure and the ever growing
need have resulted in efforts to establish immortalized stellate cell lines having the advantage of virtually
unlimited access. They allow rapid screening for disease-associated factors and restrict the necessary 
number of animal experiments. From the first description of an immortal HSC line in 1986, a huge number of
studies were conducted with these established cell lines. However, differences in morphology, growth 
characteristics and anomalies of chromosome number and structure make the applications of these models
questionable. Here, we summarize the history and cellular characteristics of respective cell lines and discuss
the differences of continuous HSC lines and their primary counterparts.
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Introduction

Protocols for the isolation of hepatic stellate cells
(HSC) from rodents were first established in 1984 [1].
In most of the published protocols, the liver is digest-
ed with collagenase and pronase followed by subse-
quent fractionation of the resulting heterogenous cell
suspension through various density media [2]. Based
on their high lipid content and concomitant low den-
sity, HSC effectively float away from other hepatic
cells allowing cellular enrichment that can be further
increased by centrifugal elutriation or scatter-activat-
ed cell sorting [2, 3]. Alternatively, human cells of
HSC origin are obtained as outgrowths from (dis-
eased) human liver explants that were taken for diag-
nostic reasons [4, 5].

As a general hallmark, primary HSC characteristi-
cally contain (i ) numerous, large lipid droplets that
are composed of retinoids, (ii ) a cytoplasm that is
typically equipped with a large Golgi apparatus, a
well developed endoplasmic reticulum, small num-
bers of mitochondria and lysosomes, rare peroxi-
somes, a few glycogen particles and a distinct centri-
ole, (iii ) a cytoplasmic matrix containing bundles of
microfilaments and microtubules, including actin and
intermediate filaments, and express (iv) specific neu-
ronal markers such as glial fibrillary acidic protein
(GFAP) and synaptophysin, (v) intermediate filamen-
tal proteins (e.g. desmin, nestin and vimentin) and
(vi ) increase the expression of �-smooth muscle
actin (�-SMA) and collagens during culturing thereby
increasing their overall cellular contractility resulting
in a myofibroblastic (MFB) phenotype [for review see
6–8]. Most important, the cells are quiescent in nor-
mal liver and once activated in culture they have a
limited life span and enter senescence after a limited
number of cell divisions.

Based on their pivotal role in the initiation and pro-
gression of liver fibrogenesis, some major issues
including the regulation of extracellular matrix (ECM)
components, retinoid metabolism, aspects of con-
tractility and mechanisms of intracellular signalling
are addressed in primary HSC cultures in which the
cellular status execute a highly dynamic programme
from quiescence to activation ending in a transdiffer-
entiated phenotype (MFB).

However, the preparation of these primary cells is
time-consuming and animal studies and experimen-
tal work using human tissues require ethical and
institutional approval by respective national and ani-

mal legislation committees, wasteful equipment and
skilful assistants. Moreover, the overall costs for iso-
lation of primary HSC including manpower, animals
and reagents (collagenase, pronase, DNAse, gradi-
ent material and buffers) are extremely high. When
assuming that respective protocols yield approxi-
mately 35 � 106 HSC from one rat liver with a plat-
ing efficiency of 60%, one eurocent (~~0.013 USD) is
equivalent to ~1715 HSC (see Table 1). More drasti-
cally, one eurocent is necessary to obtain ~80
(C57BL/6) or ~530 (Balb/c) murine HSC.

In addition, it becomes more and more evident
that HSC are a heterogenous cell population [9–13]
and it is likely that there will be batch-to-batch varia-
tions and differences in cultures from the same ori-
gin. Moreover, a significant perturbation of genes
coding for transcription factors, antioxidant enzymes
and nitric oxide metabolism is observed after pro-
longed culture times suggesting that safe use and
proper analysis in primary cultured HSC is possibly
limited to the first days in culture.

Therefore, spontaneous- or experimentally-
derived HSC cell lines have at first glance several
advantages. They grow continuously, have almost an
unlimited lifespan, allow the performance of long-
term experiments, and based on their clonal origin
have apparently a homogenous and specific pheno-
type. In addition, they are easily available and culture
conditions are simple and easily standardized
among different laboratories. The extensive molecu-
lar characterization suggest that several of these
lines are presumably attractive models to pursue
issues of retinoid metabolism, ECM biology, gene
regulation, cytokine production and signalling, phar-
maceutical issues or other multifaceted research top-
ics. Like primary HSC/MFB, most of these continu-
ous cell lines have well developed �-smooth muscle
actin (�-SMA) filaments, produce a multitude of con-
nective tissue markers and some are able to take up
and esterify retinol. Finally, several lines respond to
transforming growth factor-�1 (TGF-�1) and platelet-
derived growth factor (PDGF), the major mediators of
liver fibrogenesis. Consequently, many investigators
argue that these cells resemble primary-cultured
HSC and are valuable and useful to address issues
of HSC biology and function. As a result, the number
of studies performed with immortal HSC lines has
increased drastically during the last years (Fig. 1A).
Especially several lines established from rat (e.g.
HSC-T6, CFSC) and human beings (e.g. LI90, LX-2)
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are presently attracting many researchers and are
enrolled in many studies that were published in vari-
ous peer-reviewed journals (Fig. 1B and C).

However, although widely used in hepatology
research, cell lines in general are prone to genotypic,
karyotypic and phenotypic drift during prolonged cul-
ture time. In addition, sub-populations may arise by the
selection of specific, more rapidly growing sub-clones
that may produce intralaboratory cell line heterogene-
ity. Therefore, cell lines used as models in a meaning-
ful way must be intensively characterized before plant-
ing on a programme of research. To estimate the
advantages/disadvantages, we will first provide a short
summary of general and special aspects of immortal
HSC cell lines established from mouse, rat and human.

General aspects of immortal HSC

Primary HSC provide characteristics very close to
that observed in vivo, but have some significant dis-
advantages. First, there may be considerable 
variation in the cellular features of cells prepared in
different laboratories or from different operators. In
addition, there are a number of plausible reports
describing the occurrence of heterogeneity within
HSC cultures. Secondly, cells originating from one
preparation have only limited utility because of their
limited life span. Thirdly, sub-cultivation of primary
HSC can be achieved only for a limited number of
passages associated with modified characteristics,
apoptosis, altered cytokine susceptibility and 

Table 1 Estimated costs for isolation of primary rat HSC*

R
a
t

Materials

1 Rat 20.00 €
Pronase E 4.00 €
Collagenase H 15.00 €
DNase I 7.00 €
Nycodenz 3.00 €
HBSS 4.00 €

----------
53.00 €

Wage

Technician
(3.5 hrs) 70.00 €

Total Costs 123.00 €

(w/o equipment & labour 
expenses)

~ 35 � 106 HSC
(60% Plating efficiency)

1 Cent for ~ 1715 HSC

M
o

u
s
e

Materials
5 Mice 140.00 €
Pronase E 8.75 €
Collagenase H 36.00 €
DNase I 2.50 €
Nycodenz 2.75 €
HBSS 4.00 €

----------
194.00 €

Wage

Technician
(5 hrs) 100.00 €

Total costs 294.00 €

(w/o equipment & labour 
expenses)

~ 3 � 106 HSC (C57BL/6)
~ 20 � 106 HSC (Balb/c)
(60% Plating efficiency)

1 Cent for ~ 80 HSC (C57BL/6)

1 Cent for ~ 533 (Balb/c)

*The costs are calculated based on the actual prices for animals, chemicals, buffers, and salary of personal in Germany.
Based on the chosen protocols we use one rat or five mice for HSC preparation. In our hands, the outcome of total HSC
from mouse is strongly dependent on animal’s genetic background.
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variations in gene expression [14]. Fourthly, experi-
ments requiring large numbers of cells or long-term
growth are rarely possible. Moreover, there is consid-
erable pressure on scientists to reduce or even elimi-
nate the use of animals in research.

To overcome these limitations, many investigators
have transferred established concepts to develop per-
manent HSC cell lines. Presently, immortal HSC cell
lines were derived from primary HSC that were 
(i ) transformed with the simian virus 40 large T-antigen
(SV40T) which has pleiotropic effects on cell division
achieving this by binding to the transcription factor E2,
p53 or pRB, (ii ) manipulated by ectopic expression 
of telomerase reverse transcriptase (TERT) activity,
(iii ) isolated from experimentally diseased livers, 
(iv ) subjected to UV light or alternatively were 
(v) spontaneously immortalized during culturing.

As a general feature, the ‘immortalized’ cells
escape from normal cell cycle control and grow contin-
uously enabling the preparation of bulk stocks called
‘cell banks’. It is noteworthy but often ignored that cell
lines harbouring the SV40T oncogene or an ectopic
TERT are genetically modified and are considered to
be genetically modified organisms (GMOs) that must
be handled according to the general and national safe-
ty guidelines relating to GMOs. Moreover, mammalian
cells carrying the SV40T are classified as a Hazard
Group 2 pathogen when the transgene is cloned
behind an active promoter directing gene expression
in mammals. In addition, several studies have implicat-
ed SV40T in the etiology of tumour formation showing
that special handling is advisable. To overcome this
safety problem, some HSC cell lines were generated
by transfection with a temperature-sensitive (thermola-
bile) mutant of the SV40T (tsSV40T) which is only
functional at 33�C, but inactive at 39�C. Therefore,
respective cells are reversible immortalized and prolif-
eration only occurs at the permissive temperature
while the cells become more differentiated at the non-
permissive temperature.

Although the general process of immortalization in
which the successive growth arrest of a cell needs to
be overcome parallels to some extent the process of
tumourigenesis, none of the published cell lines is
reported to have tumourigenic capacity. They are
density-inhibited, require serum for their growth, do
not grow in soft agar and do not form tumours when
implanted or injected into nude mice.

By use of the outlined methodologies, several per-

manent HSC cell lines were established from mice,
rat and human beings. In the following, we summa-
rized aspects of origin, methodology used for immor-
talization, and cellular characteristics for each of this
cell lines.

Fig.1 Comparison of studies performed with primary and
immortal HSC during the last 6 years. (A) The distribution
(in %) of studies performed with primary (in blue) and
immortal HSC cell lines (in yellow) that are published in
peer reviewed journals during 2000–2006. (B) Relative
frequencies of cell lines used in studies with permanent
lines during the last 6 years. (C) Numbers of studies per-
formed with individual cell lines during the last 6 years.
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Immortalized murine HSC lines

GRX

The historically oldest immortal HSC line was
obtained from livers of C3H/HeN mice that were
infected by transcutaneous penetration of cercarias
from the Schistosoma mansoni BH strain [15]. Cell
cultures were initiated from cells that were isolated
either by enzymatic digestion or by spontaneous
migration from resulting fibrotic granulomas.
Individual continuous cell clones with highly prolifera-
tive growth characteristics were obtained by sub-cul-
turing having a fibroblastic morphology with stellate,
polygonal or elongate shape when cultured at low
density on plastic, glass or collagen substrate. The
cells are contact-inhibited, anchorage-dependent and
accumulate lipids. The GRX cells display a MFB cell
morphology including (i ) nucleated sub-spherical
nuclei, which are elongated and indented in cells that
grew in multilayers, (ii ) enrichment in ribosomes that
are most often grouped in polyribosomes, (iii ) exten-
sive rough endoplasmic reticulum, (iv ) an extremely
rich Golgi system in the perinuclear region, (v ) a dis-
tinct layer of contractile fibres with local densifications
that is characteristic for smooth muscle cells and 
(vi ) cell membranes that are covered with irregular, thick
basement membranes.They secrete collagen types I,
III and IV, contain laminin, fibronectin, and synthesize
a multitude of glycosaminoglycans (i.e. heparitin- and
chrondroitin-sulphate). Noteworthy, GRX cells pro-
duce viral particles of retrovirus type which can be
observed in the cytoplasm, inside small vesicles or in
spaces belonging apparently to a system of deep fur-
rows in the cell cytoplasm. Most interestingly, retinol
treatment induces an active reorganization of the
cytoskeleton in GRX cells. During this process major
stress fibres collapse and form a polygonal meshwork
[16, 17]. Subsequently, they fragment and generate
diffuse or granular actin in the perinuclear area, a thin
continuous layer around lipid droplets and, in fully
converted lipocytes, a peripheral layer of thin actin
fibres. However, both the lipocyte and the myofibrob-
last phenotypes should be considered ‘activated
states’ of HSC.

SV68c-IS

For establishment of this immortalized cell line, pri-
mary HSC from a 6-week-old male ICR mouse were

isolated using the collagenase perfusion and pronase-
E digestion method and transfected with the wild-type
simian virus 40 gene using the lipofectin reagent [18].
Individual clones were selected by limiting dilution cul-
ture. The phenotype of the resulting clone SV68c-IS
corresponds to the activated phenotype of HSC hav-
ing an active growth potential and possessing a MFB
shape. The cells express procollagen type III, �-SMA,
desmin, GFAP and have a few vitamin A-containing
lipid droplets that can be observed after oil red O stain-
ing. In addition, the cells show expression of the
SV40T in the nuclei requiring proper and stringent
safety precautions when handled.

A640-IS

This immortalized HSC line originated from a male
ICR mouse and carries a temperature-sensitive
mutant of the SV40 large T-antigen that controls the
growing properties of these cells. At the permissive
temperature (33�C) the viral protein is expressed and
directs active cell growth. Contrarily, under the non-
permissive condition (39�C) the large T-antigen is not
expressed, and the cells do not grow. Furthermore, a
shift from this non-permissive to the permissive con-
dition restores T-antigen expression and proliferation
[19]. In addition, the morphology is strictly dependent
on the temperature. At 33�C the cells show a fibrob-
lastic feature, whereas at 39�C they differentiate into
a stellate-like HSC phenotype that is associated with
an increase in lipid droplets, vitamin A fluorescence
and desmin expression. In contrast, the expression
of vimentin, collagen types I, III, IV, fibronectin and
laminin is independent from the temperature.
Interestingly, expression of �-SMA reported to be a
good marker of HSC activation is observed under
both conditions but is strongly dependent on cell
density. It was speculated that at high cell density,
contact inhibition induces cell differentiation explain-
ing why expression of �-SMA expression ceased
under these conditions [19].

M1-4HSC

This immortalized, non-tumourigenic cell line was
established by long-term cultivation exceeding more
than 100 cell doublings from primary murine HSC that
were isolated by liver perfusion from a 4-month-old
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male mice that was deficient for p19ARF. This protein
is encoded by the INK4a/ARF tumour suppressor
gene that restrains cell growth by modifying the func-
tions of the retinoblastoma protein and p53 [20]. The
cell line M1-4HSC displays an epithelial-like pheno-
type, is devoid of lipid droplets, expresses 
�-SMA, fibulin-2, GFAP, desmin and vimentin, grew in
monolayers and shows a heterogeneous phenotype
with regard to cell size and shape. Interestingly, albeit
basically activated, M1-4HSC undergo a further acti-
vation/transdifferentiation to a more pronounce spin-
dle-shaped MFB phenotype during a 3-week treat-
ment with TGF-�1. The resulting phenotype (M-HT)
grows in polylayers and shows decreased expression
of desmin, while the expression of other HSC mark-
ers (i.e. �-SMA, GFAP) is not affected.

A7

This immortal murine cell line was established from
the transgenic mouse strain H-2kb-ts-A58 harbouring
a temperature-sensitive SV40T variation under the
control of the ubiquitous H-2Kb promoter [21]. The
cell clone A7 grows only under the permissive condi-
tions (33�C) and not under the non-permissive condi-
tions (37�C). Based on the properties to accumulate
and esterify retinol it was suggested that this line is
an ideal tool for studying retinoid metabolism.

Immortalized rat HSC lines

HSC-T6

For establishment of this cell line, primary HSC iso-
lated from male Sprague–Dawley rats were tran-
siently transfected at day 15 of primary culture with
the SV40T that was expressed under control of the
Rous Sarcoma virus promoter [22]. Individual clones
were harvested and plated to limiting dilution. The
expansion of one clone resulted in a stable pheno-
type exhibiting an activated phenotype with a fibrob-
last-like shape and high proliferation activity. Typical
cytoskeletal markers of activated HSC including 
�-SMA, desmin, GFAP, as well as vimentin are
expressed in HSC-T6 and, when cultured in media
containing high concentrations of retinol, the cells
form cytosolic lipid droplets and accumulate retinyl
esters that can be enhanced by enrichment of the

media with exogenous fatty acids. In addition, the
cells express the retinoid nuclear receptors RAR�,
RAR�, RAT�, RXR�, RXR� and RXR� as well as the
cellular retinol-binding protein type I (CRBP) that is
up-regulated in the presence of retinol or all-trans-
retinoic acid.

NFSC, CFSC and derivatives

In 1991, Greenwel and co-workers reported about
the spontaneous immortalization of HSC from nor-
mal (NFSC) and cirrhotic livers (CFSC) from male
Wistar rats [23]. Cirrhosis was induced by intraperi-
toneal administration of CCl4 for 5 weeks. Isolation of
HSC from livers was performed by pronase perfusion
following centrifugation on a Percoll gradient. In the
initial characterization, it was found that NFSC prolif-
erated more slowly than CFSC and that both cell
fractions contained approximately 90% cells that
were positive for desmin and vimentin. After 10 pas-
sages, the cells were again purified through percoll or
metrizamide gradients resulting in NFSC cells that
were smaller than those obtained from the cirrhotic liv-
ers. Both cell types are mononucleated, have fusiform
appearances and the cytoplasm is rich in free ribo-
somes and contain an abundant rough endoplasmic
reticulum that in some areas is dilated and contain
granular material. Moreover, CFSC and NFSC
express collagen types I and III, as well as fibronectin,
laminin and TGF-�. However, the CFSC contain less
fat droplets and a more pronounced fibrillar ECM. A
further difference is the expression of IL-6 that is only
detectable in NFSC but not in CFSC. Subsequent cell
cloning by limiting dilution allowed the selection of four
different clones that were named CFSC-8B, CFSC-
2G, CFSC-3H and CFSC-5H [24]. The individual lines
show a striking clonal heterogeneity. They significantly
differ in their proliferation properties, expression of
ECM components and Gap junction proteins (i.e.
connexion 43), and expression/responsiveness
toward cytokines (i.e. IL-6, TGF-�).

PAV-1

This continuous rat HSC line was isolated by amplifi-
cation of a colony that was obtained by spontaneous
immortalization of isolated primary HSC isolated
from an over 8-month-old male Wistar rat using the
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pronase-collagenase perfusion/Nycodenz methodol-
ogy [25]. The phenotypic characteristics of PAV-1
cells resembled that of activated HSC, for example,
they express �-SMA, vimentin, desmin, fibronectin,
laminin and collagen types I and IV but are negative
for GFAP. In addition, the PAV-1 cells do not express
cytokeratin19 and von Willebrand factors represent-
ing marker proteins of hepatocytes, bile duct cells, or
endothelial cells, respectively. The cells were report-
ed to be highly appropriate for studies on retinol
uptake and metabolisms since they possess all nec-
essary pathways for retinol esterification [26].

HSC-PQ

This cell line originates from primary rat HSC that
were separated from an adult male Sprague–Dawley
rat by in situ perfusion with collagenase IV/pronase E
and purified on a single-step Nycodenz density gradi-
ent. The resulting HSC cultures were grown to conflu-
ence and subjected to ultraviolet light [27]. Sub-cultur-
ing resulted in the isolation of a permanent cell clone
that showed a contractile, myofibroblast-like, star-
shaped or spindled shaped morphology. Light and
transmission electron microscopy demonstrated that
the respective cells have a low nucleus/cytoplasm
ratio, long cytoplasmic protuberance, well developed
bundles and filaments, one or two nucleoli with low-
dense and separated chromatin, loss of fat droplet,
dilated rough endoplasmic reticulum containing elec-
tron-densed material. Immunohistochemical analysis
further revealed that the cells express collagen types
I and III as well as �-SMA, desmin, laminin,
fibronectin but lack collagen type IV. The originators
further reported that the cell line stably maintains its
characteristics in long-term cultures without supple-
mentation of any growth factors.

BSC

This HSC line derived from a male Wistar rat that
was subjected to experimental biliary liver fibrosis
rendered by obstruction of the bile duct for 18 days.
The primary cells were purified by sequential liver
digestion with pronase/collagenase and subsequent
purification in an arabinogalactan gradient [28, 29].
Individual clones that were obtained by spontaneous
immortalization were isolated by serial dilution after
60 passages. One of the resulting clones, BSC-c10,

was shown to express GFAP, synaptophysin, fibulin-
2, desmin, �1(I) procollagen and �-SMA. When stim-
ulated with TGF-�1, the cells significantly decrease
in DNA synthesis and increase collagen production.
Like other cell lines, BSC are easily transfectable
with plasmid DNA.

MFBY2

For establishment of MFBY2 cells, a 6-week-old
male Wister rat was intraperitoneally injected with a
1:1 mixture of CCl4:olive oil twice a week for 1 month
and MFB-like cells were isolated [30]. The cells have
a MFB-like morphology, express the neural cell
adhesion molecule (N-CAM), �-SMA, TIMP-1, �1
collagen type I and type III. Most interestingly, the
infection with an adenovirus expressing the amino
terminal latency-associated peptide (LAP) of TGF-�1
resulted in the reverse transformation of the MFB-like
into a phenotype which is more similar to HSC that
was associated with a loss of �-SMA expression,
expression of GFAP and the capacity to take up
retinoic acid similar to primary HSC.

T-HSC/Cl-6

Starting from primary HSC that were isolated from
the Sprague–Dawley strain and transfected at day 12
after initial plating with a plasmid carrying the SV40
T and a neomycin-resistant cassette, a cell line
derived that were positive for �-SMA, desmin, GFAP,
collagen type I and TGF-� mRNA [31].

Other rat HSC lines

Features suggestive of HSC/MFB origin were report-
ed for other cell lines [32, 33]. However, the cellular
and biochemical properties of these lines are
presently only marginal characterized (Table 2).

Immortalized human HSC lines

LI90 and derivatives

The first human HSC line reported was established
from an epithelioid hemangioendothelioma that was
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found in the right liver lobe of a 55-year-old Japanese
female during cholecystectomy [34]. Outgrowths of
the primary tumour contained large polygonal cells
admixed with spindle-shaped cells. During passage,
large polygonal cells that had abundant cytoplasm with
well developed intracytoplasmic filaments and oval
nuclei became predominant over spindle-shaped

cells. Detailed analysis revealed that the growth
properties of the cells were similar to that of cultured
smooth muscle cells having a doubling time of
approximately 60 hrs when cultured in medium con-
taining 10% fetal calf serum (FCS) which allows seri-
ally passaging (at a dilution of 1:3) every 2–3 weeks.
Typically, LI90 cells form a hills-and-valleys structure

Origin Cell line
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Rrt CFSC* + N N + + + + - + N N + N + --

NFSC + N N + + + + - + N N + N + +

HSC-T6 + + + + + + + + + N + + + + N

PAV-1 + + - + + + N + + N N + + N N

HSC-PQ + + N + + + + - + N N - N N N

BSC + + + N N + N N N N N N N N N

MFBY2 
MFBY2 (+LAP)

N
N

+
-

+
-

N
N

N
N

+
+

+
+

N
N

N
N

N
N

+
+

N
N

N
N

N
N

N
N

T-HSC/CI6 + + + N N + N N N N N N N + N

Human LI90 - + N + + + + + + + + + + + +

GREF-X N + N + + + N + + + N + + N N

LX-1 N + + + N + N N N + + + + N N

LX-2 N + + + N + N N N + (+) + + N N

hTERT-HSC N + + N + + N N + N N + N N +

HSC 180 N + N N N + N N N + + N N + N

Mouse GRX + + + + + + + + + N N + + N N

SV68-IS + + + N N N + N N N N + + N N

A640-IS (39�C)
A640-IS (33�C)

+ 
-

+ 
+

N
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+
+

+
+

+
+
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+

+
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+ 
+

N
N

N
N

N
N

M1-4HSC 
M-HT
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N
N

-
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N

A7 N N N N N N N N N N N + + N N

Cytoskeletal proteins
Matrix and adhesion 

proteins

MMPs and

TIMPs
Retinol Cytokines

Table 2 Biochemical characteristics of HSC lines from mouse, rat and human*

*The expression of individual markers was shown at protein or mRNA level. Abbreviations used are: �-SMA, �-smooth
muscle actin, GFAP, glial fibrillary acidid protein; IL-6, interleukin-6, MMP2, matrix metalloproteinase 2; N, presently not
tested; TIMP-1, tissue inhibitor of metalloproteinase-1, TGF-�1, transforming growth factor-�1.
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when over-confluently cultured. The karyotype analy-
sis of 20 metaphase nuclei revealed that only 10% of
cells analysed had minor chromosomal abnormali-
ties suggesting that LI90 cells are not transformed
and might have originated from non-neoplastic pro-
genitor cells present in the original tumour. Typical
markers that are expressed in these cells are
vimentin, �-SMA, collagen types I, III, IV, V and VI,
fibronectin and laminin, while they are negative for
desmin and lack markers of endothelial cells or cells
of the monocyte/macrophage-lineage. When the
cells are cultured in the presence of retinol, they form
many fat droplets in their cytoplasm and become
able to take up, store and esterify vitamin A.
Furthermore, LI90 cells produce TGF-�. Since the
first report describing the isolation of this HSC line in
1995, the cell line has been used in a number of
studies, but, however, subsequent studies revealed
that parental LI90 enter replicative senescence that
can be overcome by retrovirally introducing human
telomerase reverse transcriptase resulting in a novel
HSC line (TWNT-4) that is less prone to senescence
[35]. In another derivative, TWNT-1, the LI90 cells
were transduced with a retroviral vector expressing
hTERT and the green fluorescent protein cDNA
flanked by a pair of loxP sites [36].

GREF-X

For establishment of this cell line, human myofibrob-
lasts that were isolated from explants of histological-
ly normal liver were transfected with a plasmid con-
taining the coding sequence of polyoma virus large T
antigen expressed under the control of the early pro-
moter of cytomegalovirus (CMV) [37]. These cells
were repeatedly sub-cultured in medium containing
10% FCS resulting in a morphology resembling that
of primary liver myofibroblasts and expression of 
�-SMA, collagens type I, IV, V and VI, MMP-2, laminin,
vimentin as well as fibronectin. In addition, the cells
are negative for indicative markers (i.e. cytokeratin,
von Willebrand factor and CD68) of other hepatic cell
populations. In addition, GREF-X cells were shown to
incorporate and esterify retinol suggesting that they
originated from HSC. The originators further reported
that the doubling time of GREF-X cells is 3 days
when grown in DMEM supplemented with 10% FCS.

Although this cell line shows several anomalies of
chromosome number and structure that are charac-
teristic for a transformed phenotype, the cells are
density-inhibited, require serum, do not grow in soft
agar and are not able to induce subcutaneous
tumours in nude mice. It is noteworthy to mention
that the established cell line is negative for large 
T-antigen as demonstrated by immunofluorescence,
Southern blotting and PCR allowing the usage of this
cell line in laboratories without special biohazard pre-
cautions. Unfortunately, since the first description in
1997, there are presently no subsequent reports
available studying this immortalized human cell line.

hTERT-HSC

To establish this HSC line, primary HSC were isolat-
ed from surgical specimens of normal liver and
infected with a retrovirus expressing human telom-
erase reverse transcriptase (hTERT) driven by the
CMV promoter and a neomycin-selectable gene cas-
sette [38]. Two individual cell clones were selected by
incubation with G418 for 3 weeks. Using a telomeric
repeat amplification protocol one cell clone was pos-
itively tested for telomerase activity demonstrating
that the transgene maintains telomere integrity, while
no colony formation in soft agar was found showing
that the extended life span is not mediated by onco-
genic transformation. The doubling time of this cell
line is specified with 4 days. Detailed microarray
analysis and RT-PCR further revealed that the gene
expression pattern of this cell line is very similar to
that of activated human HSC, both expressing mRNA
for IL-6, IL-8, IL-10, PDGFR�, PDGFR�, GFAP, col-
lagen �1(I) and �-SMA. In addition, the telomerase-
positive cell line was capable to take up and store
retinol. Most interestingly, these cells revert to a more
quiescent phenotype by culturing in a basement
membrane-like matrix indicating that this cell line is in
principal a valuable tool for investigation of the tran-
sition from a quiescent to an activated phenotype.

LX-1 and LX-2

The human HSC lines most utilized (cf. Fig. 1C) were
generated by either transformation with a plasmid
encoding the SV40 large T antigen under the control
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of a Rous sarcoma virus promoter (LX-1) or by spon-
taneous immortalization of a subset of early pas-
saged LX-1 cells that were grown in low serum condi-
tions (LX-2) [39]. Immunohistochemical analysis
revealed that the SV40 large T antigen was mostly
localized in the nucleus of LX-1 cells, while the LX-2
cells were negative for viral proteins. Both cell lines
express �-SMA, vimentin and GFAP, as well as the
type � receptor for platelet-derived growth (PDGFR�,
discoidin domain receptor 2 (DDR2) and the leptin
receptor OB-RL that are key components in fibrogenic
response demonstrating that the phenotype of both
LX lines is most similar to that of activated HSC. In
addition, both LX cell lines secrete �1(I) procollagen
and matrix degrading complexes comprising of pro-
MMP-2, MT1-MMP and TIMP-2. Moreover, they retain
key features of HSC in absorbing, accumulating and
converting retinol to retinyl ester. Comparative
microarray profiling further demonstrate that LX lines
and primary HSC show a strong similarity in expres-
sion of a multitude of neuronal genes underscoring
the notion that these lines are of HSC origin.
Particularly, the ample characterization promoted
these cell lines as starting material for many experi-
mental studies addressing special aspects of the cell
biology of human HSC and hepatic fibrogenesis.

HSC 180

Recently, a novel human HSC line was derived initial-
ly from a cirrhotic liver. This line was shown express
�-SMA, MMP-2, MMP-3, MMP-9 and several mole-
cules involved in the plasminogen activator pathway
[40]. In addition, the cells were found to have capac-
ity to synthesize the mRNAs for TGF-�1, TIMP-1 and
collagen type I.

Qualities of primary and 

immortalized HSC

Several features make HSC lines potentially appropri-
ate for investigations analysing general cellular and
biochemical aspects of HSC biology. They exhibit
many HSC/MFB-specific features and express almost
all relevant marker genes indicating that they originat-
ed from HSC. Moreover, comparison of individual lines
with primary cells by microarray analysis revealed that

the gene expression patterns are striking similar (up to
98.7%) with expression of multiple neuronal and ECM
genes, again suggesting that the cells originate from
HSC [39, 41]. However, there are pronounced differ-
ences that are summarized in the following.

Culture and growth characteristics

Generally, primary HSC are maintained under 
standard conditions (humidified atmosphere with 
5% CO2, 95% air at 37�C) in medium containing 
10% FCS. Under these conditions, they have an over-
all low doubling time of several days and can be pas-
saged only two or three times before going through a
crisis, entering senescence and ending in an enlarged
and flattened phenotype. The underlying mechanisms
of this replicative senescence are most likely inactiva-
tion of proliferation-promoting genes and/or activation
of anti-proliferative genes or the switch from a fibro-
genic to an inflammatory phenotype leading to apop-
tosis [42]. Established HSC lines, however, grow faster
with typical duplication times between 24 and 72 hrs
and can be continuously passaged demonstrating that
these cells have lost many characteristics of the pri-
mary cultures from which they are derived. In several
lines, these changes of growth characteristic are
accompanied by confounding genetic events intro-
duced by an aneuploid chromosome complement that
is characterized by additions or deletions of whole
chromosomes from the expected balanced diploid
number of chromosomes [15, 29, 42].

Differences in cellular morphology

As outlined above, the culturing of primary HSC
induces a remarkably phenotypic gradually response
ending in a MFB phenotype in which the responsive-
ness to cytokines and other local stimuli is temporari-
ly modified [8, 43, 44]. Therefore, it is conceivable that
the cellular phenotype of primary HSC and MFB is
highly dynamic, time- and culture-dependent. This
gradual phenotypic change under constant culture
conditions from a non-proliferating, retinoid-storing cell
to a proliferating, retinoid loosing phenotype, which
increasingly expresses �-SMA can easily be detected
(Fig. 2A–C). Contrarily, the morphology of most
immortal HSC lines is a constant and more resembles
that of a ‘MFB-like’ than a ‘HSC-like’ phenotype 
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(Fig. 2D–F). The overall biochemical and morphologi-
cal characteristics of these lines further suggest that
most are indeed counterparts of fully transdifferentiat-
ed MFB (Fig. 3). Although some of these lines can be
somewhat reverted into a ‘activated HSC’ phenotype
by treatment with the latency-associated peptide
(LAP) of TGF-�, high concentration of retinol, or cultur-
ing on basement membrane-like matrix components,
none is capable to revert into the quiescent state.

Contrarily, it has been reported that primary human
MFB obtained from cirrhotic livers were reverted to 
�-SMA-negative, lipid droplet-positive quiescent
morphology when re-cultured in type I collagen gels or
MatrigelTM [45, 46]. Collectively, the morphological
and biochemical features argue against the usage of
these cell lines when critical issues of quiescence or
modulated cellular events during activation and trans-
differentiation should be experimentally addressed.

Fig. 2 Morphology of primary and immortal HSC. Appearance of primary rat HSC and MFB cultured for indicated times
(upper panel) and immortal GRX, LX-2, PAV-1 and CFSC cell lines (lower panel) in differential interference contrast (DIC)-
Normaski microscopy (original magnification � 320).The cells were cultured in DMEM supplemented with 10% FCS (HSC;
MFB; CFSC; PAV-1 and GRX) or 2% FCS (LX-2), non-essential amino acids (CFSC), glutamine and antibiotics.
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Differences in gene expression

Gene expression profiling is providing novel insights
into differences in primary and immortal HSC [39,
42]. The comparison of LX-1 and LX-2 with primary
HSC resulted in the isolation of eighteen genes that

were differentially expressed [39]. Consistent with the
immortalized phenotype, the two cell lines showed
reduced expression of the cyclin-dependent kinase
inhibitor-1A (p21). An increased expression was
found for the cell division cycle 2 (CDC2), thymidine
kinase 1, TGF-�1-induced 68 kDa protein, chromosome

Fig. 3 Classification of permanent HSC cell lines in regard to activation and transdifferentiation. Human (in yellow), rat (in
orange) and murine cell lines (in red) were grouped depending on their biochemical characteristics into activated HSC or
transdifferentiated MFB. The cell lines MFBY2, GRX, A640-IS and hTERT-HSC can be converted from a MFB-like into an
activated HSC phenotype by treatment with LAP, retinol, temperature or culturing on a basement membrane-like matrix,
respectively. Conversely, long-term treatment of M1-4HSC with TGF-�1 results in conversion into M-HT which more resem-
bles the MFB phenotype. In addition, the cell lines LX-2, LX-1, HSC-T6 and PAV-1 accumulate cytosolic lipid droplets when
exposed to media containing higher concentrations of retinol (1 and 5 µM).
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segregation 1-like and survivin, genes that were pre-
viously reported to either promote proliferation or
include anti-apoptotic capacity. Another comparison
of 9000 genes in activated human HSCs with immor-
tal HSC generated by ectopic telomerase expression
revealed that hundred fifty-two (1.8%) were detected
at higher expression levels whereas 87 genes (1%)
were found at lower levels in activated human HSCs
[42]. Taken together, these two studies demonstrate
that although primary and established HSC are sub-
stantially similar, distinct but significant differences in
gene expression are present between primary and
immortal HSCs.

Most immortal HSC cells are 

highly transfectable

It has been demonstrated that primary HSC have very
low transfection efficiencies [47]. This has imposed
significant limitations of this cell type when transient
transfections are required during a study. In contrast,
the transfection efficiency of many cell lines is rather
good when commonly used reagent transfection
agents (e.g. FuGENE 6TM, LipofectaminTM) are taken.
It has been reported that the efficiency of transfection
is ~30% in LX-2 cells [39]. Although a similar degree
of transfectability is also found in other lines (e.g.
CFSC, GRX) in our laboratory, it is not a general fea-
ture of all immortal HSCs. LX-1 cells for example are
reported to have efficiencies of less than 1% [39].

Response to growth factors

The growth of primary HSC is serum-dependent
since serum starvation results in a significant
decrease of cell proliferation. Although established
lines are also widely cultured in medium containing
FCS, it has been reported that LX-2 cells withstand
serum deprivation [39] making it an effective tool for
investigation requiring low serum conditions (e.g.
zymographic or cytokine stimulation assays).

Interestingly, most (if not all) immortal HSC lines
resembling a MFB-like phenotype sensitively
respond to TGF-�1. In initial experiments it has been
shown that the addition of TGF-�1 to LI90 cultures
results in slight increases of �-SMA, hyaluronic acid,
laminin, whereas the production of the hepatocyte
growth factor (HGF) was significantly reduced [48].

Similarly, small increases in fibronectin, collagen
type III and laminin were detected after a 24-hrs stim-
ulation period with TGF-�1 [48]. Likewise, the treat-
ment of both LX-1 and LX-2 cells resulted in a strong
upregulation of (1�I) procollagen mRNA demonstrat-
ing that these lines are responsive to TGF-�1 [48,
39]. In addition, leptin increased collagen mRNA and
protein expression, possibly by induction of the TGF-
� type II receptors [49]. Contrarily, fully transdifferen-
tiated MFB generated from primary HSC cultures
were not inhibited in proliferation activity on treat-
ment with TGF-�1 and, furthermore, stimulation of
collagen, Smad7 messenger RNA (mRNA) expres-
sion or stimulation of TGF-� reporter assays by TGF-
�1 were achieved in early HSC cultures but not in
MFB [50, 51]. Concerning the highly dynamic con-
veniences in regard to TGF-� responsiveness it is
therefore essential to define the precise conditions
(i.e. culture time) when reporting aspects of TGF-�-
dependent gene expression or signalling.

Platelet-derived growth factor is the most effective
mitogen for cultured primary HSC and stimulated cell
proliferation even under low serum conditions [52,
53]. However, this cytokine has only marginal stimu-
latory effects on some immortal HSC [23]. Also the
finding that primary HSC grow better in the presence
of TGF-� and EGF [54] is not true for some of the
established cell lines [23]. Collectively, these data
clearly indicate several differences in response to
growth factors between immortal HSC and their pri-
mary counterpart. Anyhow, several insights in regard
to activities of cytokines or other stimuli were uncov-
ered in immortal HSC lines. A summary of functional
aspects for selected HSC lines are listed in Table 3.

Conclusions

The introduction of protocols for isolation of animal
and human HSC has enabled systematic in vitro
studies on biology and function of this versatile
hepatic cell type. Cultured on uncoated plastic sur-
faces, these primary cells undergo a gradual, highly
dynamic change from a quiescent, fat- and retinoid-
storing phenotype into ECM producing, contractile
MFB. Therefore, the outcome of studies performed
with these primary cells is strongly dependent on the time
point at which the cells are investigated. However,
due to many reasons a growing attention is given to
immortal HSC lines. In such continuous populations,



J. Cell. Mol. Med. Vol 11, No 4, 2007

717© 2007 The Authors
Journal compilation © 2007 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Cell line Effector Response References

CFSC

PDGF Proliferation (+) 
LTBP-1 (+)

[23]
[55]

TGF-�
�2(I)Collagen (+) 
�1(I) Collagen (+)
CRP2 (+)

[56]
[57]
[58]

IL-6 �1(VI)Procollagen (+)
Fibronectin (+)

[24]
[24]

IL-1� TIMP-1 (+) [59]

IFN-� �2(I)Collagen (-) [60]

IFN-� �2(I)Collagen (-) [60]

TNF-� �1(I)Collagen (-) [61]

HSC-T6

PDGF Proliferation (+) [62]

TGF-�

�1(I)Collagen (+)
Fibronectin (+)
PAI-1 (+)
TIMP-1 (+)

[63]
[64]
[64]
[65]

IL-6 + T3 HGF (+) [66]

IFN-�
Collagen I (-)
Collagen III (-)
Cathepsin S (+)

[67]
[67]
[68]

Angiotensin II �1(I)Procollagen (+) [69]

Aldosterone �1(I)Procollagen (+)
PDGF-B (+)

[69]
[70]

Leptin �2(I)Collagen (+) [71]
Retinol CRBP-I (+) [22]

GRX Retinol

Proliferation (-)
ECM synthesis (-)
Cell adherence (-)
Cytoskeletal reorganisation
Intermediate filament proteins (-)

[72]
[72]
[72]
[17]
[73]

LX-2

PDGF Proliferation (+) [39]

TGF-�

�1(I)Collagen (+)
PAI-1 (+)
Proliferation (+)
MMP-2 (+)
TIMP-1 (+)
Collagen III (+)
�-SMA (+)

[39]
[74]
[75]
[75]
[75]
[75]
[75]

Leptin
TIMP-1 (+) 
�1(I) Collagen (+)
MMP-1 (-)

[76]
[77]
[78]

LI-90

PDGF Proliferation (+) [79]

TGF-�
Calponin-h1 (+) 
Hyaluronan (+)

[48]
[80]

IL-4 �1(I)Collagen (+) [81]

IL-13 Proliferation (-) [81]

Angiotensin II RhoA (+)
MCP-1 (+)

[82]
[82]

TNF-� MMP-9 (+) [83]
HGF MMP-1 (+) [84]

Table 3 Functional aspects of selected HSC lines

Abbreviations: �-SMA, �-smooth muscle actin; CRBP-I, Cellular retinol-binding protein type I; CRP2, Cysteine- and glycine-rich
protein 2; HGF, Hepatocyte growth factor; IFN-�/-�, Interferon-�/-�; IL-1�/-4/-6/-13, Interleukine-1�/-4/-6/-13; LTBP-1, Latent
TGF-� binding protein-1; MCP-1, Monocyte chemoattractant protein-1; MMP-1/-2/-9, Matrix-Metalloproteinase-1/-2/-9; PAI-1,
Plasminogen activator inhibitor-1; PDGF, Platelet-derived growth factor; T3, Triiodothyronine; TGF-�, Transforming growth 
factor-�; TIMP-1, Tissue inhibitor of metalloproteinases-1; TNF-�, Tumor necrosis factor-�.
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most phenotypic features remain constant during
many passages. Undoubtedly, immortalized HSC cell
lines have a number of advantages; they (i ) represent
an unlimited self-replicating source that can be
grown easily in almost infinite quantities, (ii ) poten-
tially exhibit a relatively high degree of homogeneity,
(iii ) are susceptible to transient gene transfer, (iv )
can be stored as frozen stocks for long term, and,
moreover and (v ) restrict animal experimentation.
During the last years, they have been key reagents
for the discovery of many fundamental, clearly
defined basic approaches of HSC function and biol-
ogy like studies on retinoid storage and metabolism,
regulatory and signalling pathways, cellular targeting
and proof-of-principle testing of therapeutically effec-
tive substances. However, these cell lines are prone
to genotypic and phenotypic drift at higher passage
numbers and are not appropriate to mimic the cellu-
lar dynamics of HSC in primary culture. In addition,
these cell lines are inappropriate when general stud-
ies on cellular dynamics (e.g. activation, transdiffer-
entiation, senescence) or its sustainable modulation
(e.g. abrogation, reversal) in HSC/MFB should be
performed. In addition, studies aiming to analyse
mechanisms of HSC apoptosis are senseless when
performed in these immortal lines. These studies that
are only realizable in primary cells are definitely
more complex and need more sophisticated method-
ologies, equipment and technicians aggravating
experimental, high-throughput work.

Keeping in mind that immortalized cells are potential-
ly vulnerable to artefacts careful planning at the outset of
a study is demanded when deciding if primary or immor-
tal HSC best fit the purpose during experimentation.
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