
Summary. The draft human genome sequence was
published on February 15, 2001, which will provide a
huge amount of information on human genetics, human
disease, and human cell biology. Now, medical scientists
and cell biologists are turning their attention to
illustrating gene expression pattern using gene
microarray and to identifying the functions and the
expression patterns of proteins encoded by the genes.
Hepatic stellate cell is one of the sinusoid-

constituent cells that play multiple roles in the liver
pathophysiology. Transformation of stellate cells from
the vitamin A-storing phenotype to the
“myofibroblastic” one closely correlates to hepatic
fibrosis during chronic liver trauma. Analyses of the
molecular mechanisms of stellate cell activation have
made a great progress, in particular, in the field of
intracellular signal transduction of transforming growth
factor-ß and platelet-derived growth factor, integrin
signaling related to cell-adhesion, and cell motility-
associated Rho and focal-adhesion kinase. Accumulation
of the information on the stellate cell activation would
shed light on the establishment of a novel therapeutic
strategy against fibrosis of human liver disease.
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Progress in the molecular analysis of stellate cell
activation

Signaling and transcriptional regulation of collagen gene
expression

Transforming growth factor-ß1 (TGFß1) is the most
important fibrogenic cytokine in hepatic fibrosis
(Friedman, 1999). Cellular sources of TGFß1 are
multiple, including hepatic stellate cell, Kupffer cell,

hepatocyte, sinusoidal endothelial cell and platelet.
Proteolytic cleavage of latent TGF-ß binding protein
(LTBP) is supposed to be a prerequisite for the release
and generation of bioactive (mature) TGF-ß, which is
induced by urokinase plasminogen activator (uPA) or
tissue PA (tPA) (Yee et al., 1993). Kojima et al. (2000)
reported that Zf9 transcriptionally activates uPA,
resulting in the increase of bioactive TGF-ß. Okuno et
al. (1997) reported that retinoids exacerbate rat liver
fibrosis by inducing the activation of latent TGF-ß in
stellate cells. In vitro, 9-cis-retinoic acid enhanced
cellular PA and plasmin levels thereby inducing plasmin-
mediated activation of latent TGF-ß (Imai et al., 1997). 
TGF-ß regulates gene expression through activating

two kinds of receptor-associated serine/threonine protein
kinases and through phosphorylating receptor-regulated
Smad2 and Smad3, allowing them to associate with
Smad4 and to translocate into the nucleus (Wells, 2000).
In the nucleus, the Smad complex associates with a
DNA-binding partner, such as Fast-1, and this complex
binds to specific enhancers in the target genes, resulting
in the activation of transcription (Zhou et al., 1998). 
In terms of transcriptional regulation of collagen

gene expression, there are three protein binding sites,
5A, 3A and B, in the alpha 2(I) collagen gene (COL1A2)
promoter region (Inagaki et al., 1994). C/EBPß, Sp-1,
and Smad3 bind to 5A, 3A and B regions, respectively,
of TGF-beta-responsive element (TbRE). The interaction
between Sp1 and Smad 3 plays the essential role for
basal and TGF-ß-stimulated transcription of COL1A2 in
stellate cell and skin fibroblast (Zhang et al., 2000).
Stefanovic et al. (1997) reported that 3’ UTR of collagen
α1(I) mRNA binds alpha complex protein (CP), a
protein implicated in increasing stability of collagen
α1(I) mRNA in activated stellate cell. Collagen α1(I)
mRNA is regulated by a complex interaction between
the 5’ stem-loop and the 3’ UTR. 
Regulation of ECM turnover by MMPs and TIMPs

Knittel et al. (1999) clarified the cellular origin of
metalloproteinases (MMPs)/tissue inhibitor of matrix
metalloproteinases (TIMPs) within the liver. MMP-2
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(gelatinase-A) expression was prominent in stellate cells
and myofibroblasts prepared from rat liver. MMP-9
(gelatinase-B) was detected in myofibroblasts, Kupff e r
cell, stellate cell and hepatocyte. MMP-3 (stromelysin-
1), MMP-10 (stromelysin-2) and MMP-13 (collagenase)
were prominent in stellate cell. MMP-14 (membrane
type-1 MMP) expression was present in both
parenchymal and nonparenchymal liver cells. TIMP-1
was predominantly present in stellate cells and
myofibroblasts, while TIMP-2 was additionally
expressed by Kupffer cell. In contrast, TIMP-3 was
detectable in hepatocyte only in minor quantities. Their
activity is regulated by several mechanisms, including
the regulation of gene expression by cytokines or
hormones, and extracellular cleavage of the proenzyme
to form the active enzyme by TIMPs. 

Okazaki et al. (2000) emphasizes that interstitial
collagenases are key enzymes for ameliorating liver
fibrosis. They also reported that MMP-13 was detected
strikingly under the recovery phase of liver fibrosis
(Watanabe et al., 2000). In contrast, Arthur and Iredale
emphasized that the regression of liver fibrosis is
mediated by the decreased expression of TIMPs,
demonstrating that mRNA level of TIMPs decreased
gradually in the rat liver after stopping injection of CCl4,
while that of interstitial collagenases (MMP-1 and
MMP-13) remained unchanged (Iredale et al., 1998;
McCrudden and Iredale, 2000). By using a liver-targeted
TIMP-1 transgenic mouse under the control of the
albumin promoter/enhancer, Yoshiji et al. (2000)
concluded that TIMP-1 strongly promotes the
development of liver fibrosis.

Among other types of MMPs, Takahara et al. (1997)
reported that dual expression of MMP-2 and MT1-MMP
were detected in chronic hepatitis and cirrhosis. They
suggested that MT1-MMP activates pro-MMP-2 and the
activated MMP-2 may remodel liver parenchyma during
the process of liver fibrosis. 

Proliferation-related signaling in stellate cells

Platelet-derived growth factor (PDGF) is a most
potent mitogen for stellate cell as well as other certain
cell types (Pinzani et al., 1989). PDGF is a dimeric
molecule consisting of disulfide-bonded, structurally
similar A- and B-polypeptide chains, which combine to
homo- and hetero-dimers. The PDGF isoforms exert
their cellular effects by binding to and activating two
structurally related protein tyrosine kinase receptors,
denoted the α-receptor and the ß-receptor. Activation of
PDGF receptors leads to the stimulation of cell growth,
and also to the change in cell shape and motility. 

The autophosphorylation induced after dimerization
of PDGF receptors activates transduction molecules
containing SH2 domains, such as phosphatidylinositol 3-
kinase (PI3-kinase), phospholipase C (PLC)-γ, the Src
family of tyrosine kinases, the tyrosine phosphatase
SHP-2, and a GTPase activating protein (GAP) for Ras
(Heldin et al., 1998). 

In human stellate cell, activation of the extracellular-
signal regulated kinase (ERK) pathway followed by an
increased expression of c-fos in response to PDGF has
been demonstrated in some studies (Parola et al., 1998).
Agents that are able to elevate intracellular cAMP levels
may reduce cell growth via inhibiting Raf kinase, an
upstream activator of ERK, through phosphorylation of
Raf-1 by cAMP-activated protein-kinase (PKA). Marra
et al. (1999) reported that binding of the AP-1 complex
and of STAT to the related regulatory elements was
mediated by ERK. Reeves et al. (2000) also reported that
the potent mitogenic effect of PDGF in stellate cells
might be caused, in part, by the generation of lipid-
derived second messenger phosphatidic acid (PA) and
subsequently by a more sustained activation of ERK in
stellate cell. 

Members of the PI3-kinase family that binds to and
are activated by tyrosine kinase receptors consist of a
regulatory subunit, p85, and a catalytic subunit, p11 0 .
The downstream effectors of PI3-Kinase include protein
kinase Cz, ribosomal S6 kinase, and protein kinase B (c-
Akt). This pathway has been shown to be sufficient to
transduce PDGF-dependent mitogenic signals and to be
necessary for cell chemotaxis (Marra et al., 1997).

Phospholipase C-γ mobilizes intracellular Ca2+ from
internal stores and activates certain members of the PKC
f a m i l y. Carloni et al. (1997) reported that PDGF-BB
stimulated stellate cell migration through FA K
phosphorylation associated with PLC- γ t y r o s i n e
phosphorylation.

The family of STAT molecules has seven members,
of which STAT1, STAT3, STAT5a, STAT5b and STAT6
have been shown to bind to the activated PDGF
r e c e p t o r-ß and to be phosphorylated after PDGF
stimulation. After phosphorylation on tyrosine residues,
S TATs dimerize and translocate to the nucleus, where
they act as the transcription factors. In stellate cell,
dibutyryl cAMP attenuated STAT1 activation in HSC
stimulated with PDGF-BB (Kawada et al., 1997). 

A negative feedback mechanism involves cAMP-
dependent protein kinase, which is activated by PDGF
through the induction of prostaglandin synthesis and
activation of adenylyl cyclase. Mallat et al. (1998)
reported that PDGF-BB and thrombin generate growth
inhibitory prostaglandin E2 and cAMP through
promoting delayed induction of cyclooxygenase (COX)-
2 in human stellate cell. 

The Na+/ H+ exchanger is the main intracellular pH
regulator in stellate cell and its activity is increased by
PDGF (Di Sario et al., 1999). PDGF induced a
significant increase in the Na+/ H+ exchanger activity
through calcium/calmodulin- and protein kinase C-
dependent pathways, leading to the proliferation of
stellate cell (Benedetti et al., 2001). 

Peroxisome proliferator-activated receptor gamma
(PPARγ) regulates adipocyte differentiation and controls
gene transcription in response to various activators
(Kubota et al., 1999). Galli et al. (2000) showed that the
depression of PPARγ expression and activity is involved
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in the proliferation of stellate cell and that the activation
of ligand-mediated PPARγ exerts an inhibition of PDGF-
induced mitogenesis in activated human stellate cell.
Miyahara et al. (2000) also reported that stellate cell
activation is associated with the reduction of PPA Rγ
expression. In addition, Marra et al. (2000) reported that
PPARγ agonists also inhibited the chemotaxis of stellate
cell induced by PDGF.

Signals controlling stellate cell contraction

At tissue level, the contractile force generated by
stellate cells may induce scar constriction in cirrhosis
and restricts sinusoidal blood flow. Agents, such as
endothelin-1 (ET-1), angiotensin II, and vasopressin, can
induce stellate cell contraction (Bataller et al., 2000).
Recent reports have shown that L-type Ca2 + c h a n n e l
expression is up-regulated in stellate cells that are
activated in vivo as well as in vitro, and that these
channels modulate both Ca2 + signaling and contractile
force generation (Bataller et al., 2001).

RhoA/rho-associated kinase signaling pathway is a
mediator of contraction in muscle cells. Activation of
Rho induces phosphatidylinositol-4,5-bisphosphate
( P I P2) production and stimulates ROCK and Dia by
disrupting intramolecular inhibitory interactions
( Watanabe et al., 1999). ROCK controls actomyosin
filament assembly and myosin contractile activity by
increased phosphorylation of the myosin light chain
(MLC) (Totsukawa et al., 2000). Recently, the ras-like
GTPase, rhoA, has been investigated as a mediator of
stellate cell contraction (Yee, 2001). Kawada et al.
(1999) reported that the contraction of stellate cells
induced by ET-1 was attenuated by Y-27632, an inhibitor
of Rho-associated kinase. Iwamoto et al. (2000) reported
that Y-27632 inhibited the phosphorylation of focal
adhesion kinase (FAK) and extracellular signal-regulated
kinase (ERK) and that stellate cells treated with Y-27632
failed to proliferate. Nishi et al. (1999) showed that
RhoN, a novel small GTP-binding protein, was
predominantly expressed in neurons and hepatic stellate
cells. Yanase et al. (2000) demonstrated the involvement
of RhoA in lysophosphatidic acid-induced signalings. 

E Ts are important regulators of the hepatic
microcirculation. ET-1 is well known to induce
contraction of cultured stellate cells on hydrated
collagen gels (Kawada et al., 1993). ET-1 synthesis is
regulated by endothelin-converting enzyme-1 (ECE-1)
during hepatic wound healing. Shao et al. (1999)
reported that ET-1 release is increased in stellate cells,
whereas markedly decreased in endothelial cells after
liver injury, depending on the ECE-1 mRNA expression
and its stability.

Expression of ET receptors is regulated by TGF-ß1,
reactive oxygen species, and endotoxin. TGF-ß1
decreased ET-1 receptor density through reduction of
ET-1 mRNA expression (Gabriel et al., 1999). Oxidative
stress induced by hypoxanthine/xanthine oxidase caused
an initial decrease in ET-1 receptor, followed by a

significant increase over the basal level (Gabriel et al.,
1998). Endotoxin causes up-regulation of ET receptors
in cultured stellate cells via nitric oxide (NO)-dependent
and -independent mechanisms (Bauer et al., 2000). 

NO is an additionally potent mediator of sinusoidal
hemodynamics. Kawada et al. (1998a) reported that NO-
dependent increase of cellular cGMP level mediates the
inhibitory effect of LPS and IFNγ on the expression of
smooth muscle-α actin in stellate cells. Failli et al.
(2000) showed that NO donors, such as nitroglycerin
(NTG) and S-nitroso-N-acetyl penicillamine (SNAP),
induced a dose-dependent decrease in PDGF-triggered
DNA synthesis and cell migration, which was associated
with the attenuation of PDGF-induced increase of
intracellular Ca2+ ([Ca2+]i) and activation of ERK. Yu et
al. (2000) reported that overexpression of neuronal NOS
inhibited ET-1-induced contraction of stellate cell.

Gorbig et al. (2001) reported that cultured human
stellate cells have receptors for a vasodilator peptide
adrenomedullin. Stimulation of stellate cell with
adrenomedullin resulted in a dose-dependent rise in
cAMP concentration and markedly blunted the
endothelin-induced increase of [Ca 2 +] i and cell
contraction. The existence of a receptor CRLR for
adrenomedullin and the associated-proteins, RAMP-1
and RAMP-2, was demonstrated (Nagae et al., 2000).
Human stellate cells secreted adrenomedullin in the
culture medium, which was markedly enhanced by TNF-
α and IL-1ß. These results indicated that adrenomedullin
can regulate stellate cell contractility in an autocrine
m a n n e r. In addition, atrial natriuretic peptide (ANP)
regulates stellate cell contraction induced by ET- 1
(Gorbig et al., 1999). 

Cell-adhesion-related signaling

The integrin family of cell surface receptors,
heterodimers composed of α and ß transmembrane
subunits linked noncovalently, has been shown to play
an important role in mediating the interaction between
cells and ECM and regulating several cell functions,
including motility. Stellate cell expresses integrin α1ß1,
α2ß1, αvß1 and α6ß4 (Imai et al., 2000). Iwamoto et al.
(1998) showed that inhibition of integrin signaling using
RGD motifs diminished the adhesion-induced tyrosine
phosphorylation of FAK, and inhibited the formation of
stress fibers and the expression of smooth muscle α-
actin in stellate cell. Integrin antagonism using GRGDS
peptide induced apoptosis of stellate cell through
increasing p53 and decreasing the Bcl-2/Bax ratio
(Iwamoto et al., 1999). Kato et al. (2001) identified the
anti-adhesive site buried within the heparin-binding
domain of fibronectin, YTIVIAL sequence in the 14t h

type III module, which down-regulated the
myofibroblastic conversion of stellate cell. 

Several proteins present in the focal adhesion
complex have been shown to undergo tyrosine
phosphorylation. One protein is the p125FAK, a 125-
kilodalton non-receptor tyrosine kinase (Sieg et al.,
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1999). FAK, in conjunction with paxillin, plays an
important role in localizing several Src homology 2
(SH2) domain-containing proteins, such as Src family
member kinases, adapter protein Grb2, and PI3-Kinase
(Qiu and Kung, 2000). PLCγ is able to associate with
FAK (Zhang et al., 1999). Pinzani et al. (1998) reported
that the interaction between FAK and PLC γ w a s
involved not only in integrin-mediated signaling
pathways but also in PDGF-BB-dependent migration of
stellate cell. 

The discoidin domain receptor 2 (DDR2) has been
cloned from activated stellate cells and interacts with
fibrillar collagens (Ankoma-Sey et al., 1998). The
identification of DDR2 mRNA and protein in activated
stellate cells suggests that it may be a key receptor in
hepatic fibrosis. Because fibrillar collagens are produced
by activated stellate cells, DDR2 receptor signals as an
autocrine stimulus. 

Signaling of inflammatory cytokines and the role of NF-
κB

Nuclear factor- κB (NF-κB) has been the most
extensively studied transcription factor in stellate cells.
The NF-κB family of transcription factors is related by
their Rel homology domain (RHD) and comprises at
least five members, including p65 (RelA), p50, p52,
RelB, and c-Rel, that form homo- or hetero-dimers. The
N F -κB dimers p65:p65 and p50:p65 have been
identified in stellate cells (Vasiliou et al., 2000).
Hellerbrand et al. (1998) reported that activation of NF-
κB induced by TNF-α and IL-1ß leads to the expression
of ICAM-1, IL-6, and macrophage inflammatory
protein-2 in rat stellate cell. Gallois et al. (1998) reported
that activation of NF-κB by ET-1 and TNF-α leads to
increased COX-2. Rippe et al. (1999) reported that NF-
κB activation by TNF-α also inhibits expression of the
α1(I) collagen gene. However, Lang et al. (2000)
pointed out that NF- κB activity is not necessarily
required for stellate cell activation, such as proliferation
and collagen production. 

Therapeutic strategy for preventing liver fibrosis

Increasing numbers of studies have shown a variety
of therapeutic approaches for liver fibrosis based on the
molecular inhibition of stellate cell activation. Among
them, IFN has a clinical potential to treat liver fibrosis
by eliminating HCV virus from patients (Shiratori et al.,
2000). Rockey and Chung (1994) reported that IFNγ
inhibits stellate cell activation and collagen type I
mRNA expression in rats. Higashi et al. (1998) showed
that IFNγ inhibits the collagen transcription through
directly acting onto IFN-responsive element, a proximal
element within the human α2(I) collagen (COL1A2)
promoter. Ulloa et al. (1999) reported that IFNγ inhibits
TGF-ß/Smad signaling through STAT pathway. 

In animal models, the blockade of TGF-ß signaling
has a potential to suppress liver fibrosis. George et al.

(1999) reported that liver fibrosis could be inhibited by a
soluble receptor consisting of a chimeric IgG at the
extracellular portion of the TGF-ß type II receptor. Qi et
al. (1999) reported that liver fibrosis was suppressed
through the inhibition of TGF-ß signaling by the
adenovirus-mediated local expression of a dominant-
negative type II TGF-ß receptor (AdCAT ß - T R ) .
Moreover, Nakamura et al. (2000) reported that a soluble
TGF-ß receptor overexpression by injecting AdTß-EXR
into muscle prevents liver fibrogenesis in rats. 

Pinzani et al. (1996) reported that pentoxifylline
inhibited the PDGF-dependent activation of ERK in
stellate cells. Kawada et al. (1998b) reported that
antioxidants, such as resveratrol, quercetin and N-
acetylcysteine, dose-dependently suppressed serum-
dependent proliferation of stellate cells via the
suppression of inositol phosphate metabolism, tyrosine
phosphorylation, and the activation of MAP kinase in
PDGF/BB-stimulated stellate cells. Wang et al. (2000)
reported that the semisynthetic analogue of fumagillin
TNP-470 inhibited HSC proliferation by blocking the
cell-cycle transition from G1 to S in the absence and/or
presence of PDGF, and, as the consequence, prevented
the progression of hepatic fibrosis. Zhu et al. (1999)
reported that a new immunosuppressive agent,
rapamycin, inhibited extracellular matrix deposition in
the rat fibrosis model and decreased PDGF-induced
proliferation of stellate cells. Benedetti et al. (2001)
reported that the Na+/H+ exchanger inhibitor 5-N-ethyl-
N-isopropyl-amiloride inhibited all the effects derived
by PDGF, FeAsc, and FeNTA. In vivo, amiloride
reduced HSC proliferation, activation, collagen
deposition, and collagen synthesis. 

Recently, we found that N-acetylcysteine triggers the
degradation of PDGF receptor ß mediated by cathepsin
B (Okuyama et al., 2001). N-acetylcysteine inhibits
PDGF signaling, PDGF-dependent DNA synthesis, and
in addition, affected the expression of TGF-ß receptor
type II. N-acetylcysteine dramatically attenuated liver
fibrosis (Fig. 1). 

HGF gene therapy is promising for the treatment of
liver fibrosis. Ueki et al. (1999) reported that repeated
transfections of the human HGF gene into skeletal
muscle suppressed the increase of TGF-ß1, inhibited
fibrogenesis and hepatocyte apoptosis, and resolved
completely fibrosis in the cirrhotic liver. Sato et al.
(2000) reported that continuous administration of
recombinant human HGF (rhHGF) was also effective for
liver fibrosis. Although rhHGF reduced mRNA levels of
procollagen α2(I), α1(IV) and TGF-ß1, the detailed
molecular mechanism of these anti-fibrotic effects of
HGF remains to be elucidated. 

Telomerase gene therapy was reported to inhibit
liver cirrhosis in mice. Accelerated telomere loss has
been proposed to be a factor leading to end-stage organ
failure in chronic diseases of high cellular turnover such
as liver cirrhosis. Rudolph et al. (2000) showed that
adenoviral delivery of telomerase RNA gene into the
livers of telomerase-deficient mice with short
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Fig. 1. Effect of N-acetylcysteine on toxin- or bile-duct ligation-induced liver fibrosis. A. Thioacetamide (TAA)-induced liver fibrosis. TAA was
administered at 50 mg/rat twice a week for 6 weeks. Note the development of liver fibrosis with thick bundles of septum. Azan staining, x 100. B. TAA-
induced liver fibrosis treated with N-acetylcysteine (NAC). NAC was administered intraperitoneally at 100 mg/rat every day for 6 weeks together with
TAA injection. Degree of fibrosis was suppressed. Azan staining, x 100. C. Immunostaining of smooth muscle α-actin in TAA-induced liver fibrosis.
Smooth muscle α-actin-positive cells were numerous along the septum of fibrosis. x 100. D. Immunostaining of SM α-actin in TAA-induced liver fibrosis
treated with NAC. The number of smooth muscle α-actin-positive cells was dramatically decreased. x 100. E. Bile duct ligation (BDL)-induced liver
fibrosis Two weeks after bile duct ligation was performed under laparotomy, rats were sacrificed. Peri-ductular fibrosis was developed around portal
vein area. Azan staining, x 100. F. BDL-induced liver fibrosis treated with NAC. NAC was administered intraperitoneally at 100 mg/rat every day for 2
weeks. Note that liver parenchyma exhibits almost intact architecture after NAC treatment. Azan staining, x 100 



dysfunctional telomeres restored telomerase activity and
telomere function, alleviated cirrhotic pathology, and
improved liver function. 

A new approach for the molecular analysis of stellate
cell activation

Discovery of genes associated with stel late cel l
activation

Subtractive hybridization has been utilized to clone
genes associated with the activation of stellate cells.
Friedman et al. cloned a novel Kruppel-like factor 6
(KLF6)/Zf9/COPEB/GBF as an immediate-early gene
induced in stellate cells after acute liver injury (Ratziu et
al., 1998). This zinc finger transcription factor has a
number of potential transcriptional targets including
collagen α1(I), TGF-ß1 and its receptors, as well as
urokinase type plasminogen activator (uPA) (Kojima et
al., 2000). Recently, they reported that this factor has an
antiproliferative activity (Kim et al., 1998). 

By using suppression subtractive hybridization,
Ikeda et al. (1998) identified 13 genes dominantly
expressed in activated stellate cells, one of which was
identical to rat prion-related protein (PrP). They showed
that PrP expression was closely related to stellate cell
activation associated with liver fibrosis. Kitada et al.
(2000) reported that PrP is utilized as a marker of
activated stellate cells in human chronic liver diseases. 

Although still not applied to stellate cell, the gene
microarray method will have more potential to elucidate
the genes associated with the cell activation and liver
fibrosis. These approaches promise to revolutionize the
way to create new paradigms of regulation of liver
fibrosis that are not even conceivable based on current
knowledge.

Proteomics

In 2000, Kristensen et al.  (2000) applied the
proteomics to the analysis of stellate cell activation for
the first time. They performed 2-D SDS-PAGE analysis
on cellular and secreted proteins of quiescent and
activated stellate cells, with a special emphasis on
proteins displaying activation-associated changes in their
expression levels. They showed that a total of 43
proteins/polypeptides altered their expression levels
when the cells were activated in vivo and/or in vitro.
Three growth- and proliferation-associated proteins,
calcyclin, calgizzarin, and galectin-1, become heavily
up-regulated in the activated stellate cells, representing a
new finding. 

Kawada et al. (2001) cloned a novel protein named
S TAP as a stellate cell activation-associated protein by
using this proteome procedure. STAP is a cytoplasmic
protein with molecular weight of 21,496 and shows
about 40% amino acid sequence homology with
myoglobin. STAP is dramatically induced in in vivo
activated stellate cells isolated from fibrotic liver and in

stellate cells undergoing in vitro activation during
primary culture. 

In summary, molecular analysis of stellate cell has
uncovered the cell-specific events closely associated
with the cell activation, deeply contributing to the
development or the resolution of liver fibrosis.
Application of modern technology, such genomics and
proteomics, to the study will be required for the
establishment of therapeutic strategy for liver. 
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