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Abstract

For more than 130 years, the hepatic stellate cells (also known as Ito cells) have been the object of numerous studies that aimed at their
characterization both in normal and postlesional status, where they play a key role in fibrosis progression specific for chronic hepatic pathology.
Converged studies on their histophysiology have revealed other functions, namely the involvement in liver embryological development and
regeneration, metabolisms regulation, modulation of local inflammatory and immune reactions. Ito cells plasticity is surprising, as they are
able to provide the connection between the complex sinusoidal and parenchymal microenvironment, influencing by autocrine and paracrine
mechanisms the extracellular matrix content in tight correlation to growth and repair necessities. Last but not least, Ito cells take an active
part in systemic homeostasis maintenance by their capacity to store and mobilize vitamin A, respectively. The evolving interest in their
research will be undoubtedly followed by a better knowledge of the physiopathological sequences responsible for liver diseases, as new
targets for the development of new therapeutic approaches directed toward improvement of prognosis and patients’ quality of life.
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=& Introduction

Star-shape liver cells have been firstly described in
1876 by Kupffer, who was using gold chloride for
morphological study of the liver, and identified in
sinusoids a cellular type containing cytoplasmic vitamin
A storage, which he named “sternzellen”, according to
their cellular shape [1].

However, the initial method of identification used by
Kupffer did not achieve the accurate differentiation of
star-shape cells from the macrophage-type cells residents
in liver parenchyma, so microscopic studies have been
further continued. Thus, in 1951, Ito published his own
results regarding the liver sinusoidal cell population,
describing it in association to macrophages (Kupffer cells)
as a cellular line capable to store lipids in cytoplasm and
correspondently naming it “fat-storing cells” [2]. Later,
in order to reflect their role in lipids and vitamin A
storage, Bronfenmajer er al. had proposed the name
“lipocytes” [3, 4]. Therefore, since 1876, these cells are
referred to by using a large variety of names, as follows:
hepatic stellate cells (HSCs), perisinusoidal cells, Ito cells,
lipocytes, parasinusoidal cells, or fat-storing cells [5—7].

The history of the HSC can be compared to Cinderella’s
story... Due to its morphology difficult to identify by
usual light microscopy techniques, the Ito cell was, and,
somehow, remains hidden among the other cells in the
hepatic parenchyma — just like Cinderella, treated by her
family as a maid. Nevertheless, this cell can transform
itself by the capacity of developing supplementary
functions, in normal status or depending on the associated
pathological conditions (Figure 1). This metamorphosis

granting the HSC an important position in the pathogenesis
of liver diseases is therefore similar to Cinderella’s change
to a princess.

= Structure and ultrastructure of hepatic
stellate cells

The embryological origin of HSCs is still a matter of
interest. Despite the evidences of surface markers belonging
to the three embryonic layers, current data have favored
a double origin, mesodermal (from septum transversum)
and endodermal, respectively [8—10].

Initially, the presence of glial markers on the surface
of HSC has initially supported the hypothesis of ectodermal
origin, which has been quickly infirmed by experimental
studies [11]. Following continuous and thorough researches
on human embryos, CD34 and cytokeratin 7/8 have been
identified, which support the endodermal origin [12]. On
the other hand, studies have demonstrated the expression
of mesoderm transcriptional factor Foxfl, in an analogous
manner to cells originating in the mesenchyme of septum
transversum [13]. These first observations are also
supported by recent experimental results, which have
confirmed the septum transversum origin — specifically
from a multipotent mesenchymal cell — not only of liver
stellate cells, but also of perivascular mesenchymal cells,
portal fibroblasts, smooth muscular fibers from central
vein [9], and other cellular types like chondroblasts,
osteoblasts, or adipoblasts [4].

In physiological status, HSCs are located in Disse
subendothelial space (Figure 2), representing approxi-
mately 5-8% of the whole liver cell population and one
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third of non-parenchymal cells [10, 14, 15]. A light
concentration around the terminal vein has been ascertained,
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without any known functional significance related to this
location [3, 5].
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Figure 1 — Multifaceted role of the hepatic stellate cell.
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Figure 2 — Hepatic stellate cell location in liver parenchyma.

Hepatocytes

Ultrastructurally, HSC has a stellate cellular body due
to extension of numerous cytoplasmic processes, an oval
or ellipsoidal nucleus, moderately developed RER, reduced
perinuclear Golgi complex, and variable cytoplasmic
deposits of vitamin A [16]. The subendothelial cytoplasmic
extensions are disposed in a perisinusoidal location,
between endothelium and hepatocytes [17]. On the surface
of these cellular prominences, there are numerous spine
microprojections involved in reception of chemotactic
signals able to induce the stimulation of HSC contractile
system [18]. The close contact with sinusoids, on one
hand, and hepatocytes, on the other hand, supports the
theory of mediators or cytokines transport facilitation
role of HSCs [5]. Moreover, the direct contact with free
nerve endings sustains the expression of neurotrophin

receptors on their cellular surface and/or their neuro-
endocrine activity [19-21].

@ Hepatic stellate cells functions
Developmental and liver regeneration function

The tight structural association between HSCs, endo-
thelial cells and hepatocytes suggested the idea that they
may intervene in modulation, growth, differentiation, or
morphogenesis of all the other parenchymal cells. During
angiogenesis, the direct interaction between pericytes
and endothelial cells is an essential process which leads
to the maturation of vascular morphological elements
[22]. According to the most widespread data, based on
thorough studies of liver embryology, HSCs are nowadays
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considered as playing the role of the pericytes, with major
impact on vasculature development [10, 23]. In support of
this theory come also the results of an experimental study,
which demonstrated that lack of f-catenin in mouse liver
mesenchyme leads to highly activated HSCs and induction
of dilated sinusoids development [24]. Nevertheless, recent
evidences point out the role of HSCs in the differentiation
of hepatocytes, by their capability to induce synthesis of
extracellular matrix components [25], and in the develop-
ment of intralobular biliary ducts [10].

Researches on liver histophysiology have demonstrated
that HSCs may be also involved in normal liver hemato-
poiesis during intrauterine life, as they express on their
SDF1a (surface stromal cell-derived factor 1a) or CXCL12,
a powerful chemotactic factor for hematopoietic stem cells
[26, 27].

All these data will certainly fundament future studies
regarding the elaboration of more efficient specific
protocols in hepatocytes cultivation (in vitro studies)
based on stem cells, with potential major impact on liver
transplant and successful therapies in acute and chronic
liver diseases.

The liver regeneration capacity is well recognized,
beginning with the first observations in experimental
partial hepatectomy [28]. In these circumstances, liver
regeneration is achieved by remnant hepatocytes and is
taking place in the absence of necrosis or inflammation
[28]. If hepatocyte division fails, it seems that liver
regeneration is supported by the involvement of other
types of cells, which mediate liver progenitor cells acti-
vation [28, 29]. The HSCs support the process of liver
regeneration by direct secretion of a great variety of
cytokines, or by remodeling extracellular matrix compo-
nents [10, 30]. The hepatic regeneration process has
finely regulated steps, which are naturally ending by the
achievement of a specific cellular mass correspondent to
the liver [31].

Unfortunately, the complete portrayal of HSCs invol-
vement in liver regeneration might be achieved only in
experimental models characterized by their total ablation
— an ideal condition that is still unachievable. Moreover,
the complexity of human liver microenvironment cannot
be entirely replicated in experimental conditions.

Vitamin A storage

In normal functional status, 50-80% of vitamin A is
stored in liver, 80-90% of it being in fact deposited as
cytoplasmic droplets in HSCs [32, 33]. Electron micro-
scopy distinguished two types of vitamin A lipid droplets
in HSCs cytoplasm. Type I have various sizes, but not
more than 2 um in diameter and are packaged by a peri-
pheral membrane, while type Il are much larger (up to
8 um) and devoid of peripheral membrane [10]. The
relationship between the two types of vitamin A droplets
is partially known, with opinions that support type II
formation due to fusion of more type I droplets [34],
or that type II might represent a precursor for type I
vitamin droplets [35, 36].

Exogenous vitamin A is absorbed in the intestines and
is transported to the liver by chylomicrons, where after
uptake by hepatocytes is transferred to HSCs for storage,
only small quantities being kept into hepatocytes [37].

Biochemically, HSCs cytoplasmic droplets contain
as main components retinyl esters, and predominantly
retinyl palmitate, but also small amounts of triglycerides,
phospholipids, cholesterol, and free fatty acids [38].

Consequently to postlesional activation, HSCs achieve
a series of ultrastructural changes consisting in loss of
cytoplasmic vitamin A storage associated to significant
rough endoplasmic reticulum (RER) and Golgi develop-
ment, which would support an enhanced collagen synthesis
characteristic for activated HSC or hepatic myofibroblast-
like cells [39, 40].

Initial observations revealed that these ultrastructural
modifications are the base of the cascaded events that
result in fibrous tissue deposition in liver parenchyma.
Therefore, the study on HSCs properties has been
largely extended, with an increased focus on genes and
mediators, which coordinate these events and, conse-
quently, on new therapies for hepatic chronic diseases
associated to variable degrees of fibrosis.

In this respect, a new hypothesis submits the idea of
a common process of HSCs dedifferentiation and adipo-
cytes and preadipocytes dedifferentiation into fibroblasts
[41]. Thus, besides both adipocytes and HSCs being lipid
storage cells, additionally, HSCs express collagen type IV
and adipocytes specific genes, as adiponectin and adipsin
[42, 43]. Based on these common features, a similar
mechanism of liver lipocytes regulation and of adipocytes
differentiation coordinated by PPARy (peroxisome proli-
ferator-activated receptor gamma) acting as adipogenic
transcription factor has been suggested [44]. PPARy
promotes lipids intracellular storage, including that of
retinyl esters in liver HSCs, concomitantly suppressing
the activity of genes involved in collagen type I synthesis
and, as a consequence, one of the factors whose therapeutic
control might prevent liver fibrillogenesis [45, 46].

Recent data have shown that once activated, HSCs
lose their cytoplasmic vitamin A and are capable of its
conversion into retinoic acid, using alcohol dehydroge-
nases, specifically retinaldehyde dehydrogenases [47].
Retinoic acid mediates the interaction between HSCs
and NK (natural killer) cells, both in alcoholic liver and
in infections with liver tropism [47].

Inflammatory function: secretion of cytokines
and fibrillogenesis

One of the most surprising functions is that of invol-
vement in the modulation of liver inflammatory reactions,
as HSCs are able to amplify the local response and the
infiltration of parenchyma by mononuclear cells, and also
by neutrophils, as in alcoholic hepatopathy [48].

So far, a large variety of cytokines secreted by HSCs
has been identified, their list being most probably still
incomplete [5].

Among these, PGF2a (prostaglandin F2a) and PGD2
(prostaglandin D2), or PGE2 (prostaglandin E2), are
involved in hepatic metabolism and in local inflammatory
processes, possibly supplemented by leukotrienes C4 and
B4, whose complete activity is yet incompletely deciphered
[5]- Local postlesional neutrophilic inflammation is ampli-
fied as result of HSCs action, as they are able to secrete
PAF (platelet activating factor), which facilitates chemo-
taxis and stimulation of neutrophil granulocytes [49].
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After their activation, HSCs are capable to synthetize
a large spectrum of chemokines, as following: CCL21
(chemokine C-C motif ligand 21), MCP-1 (monocyte
chemotactic peptide-1), CCR5 (C-C chemokine receptor
type 5), and RANTES (regulated on activation normal
T-cell expressed and secreted) [5]. These substances are
involved in variable immunomodulatory processes.

HSCs synthetize TGF-a (transforming growth factor o),
TGF-4 (transforming growth factor §) and EGF (epidermal
growth factor), important growth factors involved in their
own proliferation and that of the hepatocytes as well in
an autocrine manner, a process finely regulated by PDGF
(platelet-derived growth factor) [50, 51]. TGF-f, well
known as the effective hepatic anti-proliferative factor
produced by activated HSCs [52], has a major impact in
liver fibrillogenic cascade. On the other hand, HGF
(hepatocyte growth factor) is currently considered the
most powerful hepatic mitogen factor delivered by HSCs
[5]. HSCs may balance HGF stimulatory action toward
liver regeneration, demonstrating the capacity to coordinate
the type of cytokines secretion according to the require-
ments of this process.

Lately, CTGF (connective tissue growth factor) or
CCN2, a cytokine with collagen synthesis promoter activity
even in lung and kidney [53] has been added to the list
of factors involved in liver fibrillogenesis — activated
HSCs being one of its principal sources of secretion,
beside hepatocytes. Apoptotic bodies formed after hepato-
cytes injury induce Kupffer and HSCs activation and the
latter conversion to myofibroblasts [54]. Once stimulated,
HSCs express on their surface a series of adhesion
molecules and act as local APCs (antigen presenting
cells), being able to stimulate T and NK cells activity
[55, 56], achieving a pathological chain of hepatocytes
necrosis/apoptosis perpetuation, and continuous extra-
cellular matrix collagen deposition [57]. Myofibroblasts
also possess contractile ability, as they express a-smooth
muscle actin (a-SMA) [58].

Conversely, deactivation of HSCs induces collagen
deposition arrest and facilitates extracellular matrix
regression [39, 59, 60]. Procollagen type III deposition,
followed by that of collagen type I and IV are early
events in hepatic lesions, a process balanced by MMPs
(matrix metalloproteinases) activation. MMPs are involved
in collagen degradation, in order to maintain the extra-
cellular matrix stability [61]. Simultaneously, MMPs
inhibitors become expressed, as another reaction meant
to maintain the hepatic extracellular matrix composition
[62]. Matrix collagen degradation also depends on genic
signals, which influence myofibroblasts apoptosis (by anti-
apoptotic genes) and inactivation of HSCs (by PPARy
gene) — effects balances by MMPs activity [63].

It is worth to mention that other mechanisms are
contributing to local fibrillogenesis activation, such as the
increase of antiapoptotic factors expression (particularly
Bcl-2), supporting the lesional hepatocytes survival and,
therefore, perpetuating the activation of HSCs and conse-
quent collagen deposition [61].

Despite their important involvement in fibrillogenesis,
HSCs are not the only structures responsible of collagen
synthesis in liver parenchyma, as other types of cells are
performing the same function — such as portal fibroblasts,
mesenchymal cells, and local fibrocytes [64].

Relationship with the immune cells

HSCs spectrum of activities oriented toward main-
taining the immune homeostasis in liver parenchyma is
highly variable. Indisputable proofs have already certified
HSCs capacity to modulate the activity of T and B cells
and, furthermore, their capability to act as APCs has been
also tested [65-67].

Complex experimental studies have demonstrated the
involvement of activated HSCs in liver T-lymphocytes
recruitment and apoptosis induction, a role mediated by
PD-L1 (programmed death-ligand 1), a transmembrane
protein with immunosuppressive function [68, 69]. The
expression of this molecule is stimulated by IFN-y
(interferon y) and, conversely, PD-L1 blocking is asso-
ciated with the reduction of HSCs immunomodulatory
activity, both in humans and mice [69-71].

Studies on liver immunopathology have demonstrated
that CD8+ cells exert an enhanced fibrillogenic activity
via HSCs when compared to CD4+ cells, partially
supporting the high level of fibrosis noticed in patients
presenting both hepatitis C virus (HCV) and human
immunodeficiency virus (HIV), whose CD4+/CD8+ cells
rate is reduced compared to patients only with HCV [51].

HSCs receive, in turn, numerous signals from immune
cells [NK cells, CD56(+) T-cells, or yo T-cells] located
in the sinusoid capillaries. These cells are able to produce
a series of mediators, which stimulate HSCs activity. One
of the most important HSCs activation pathways includes
the intervention of nuclear factor kB (NF-xB), able to
stimulate Toll-like receptor 4 (TRL4) or P2Y receptor
activation [72]. Secondary to activation, HSCs produce
pro-inflammatory cytokines, chemokines, or ROS (reactive
oxygen species), or may act as APCs [73].

There are only few reports regarding the relationship
between B-lymphocytes and HSCs in hepatic micro-
environment. These results support the correlation between
HSCs number, plasma cells number, and severity/degree
of fibrosis in autoimmune hepatitis [74] and also the
association between HSCs — plasma cells location and
reduction of HSCs number in patients showing a favorable
therapeutic response [75]. The intimate mechanism of
interaction between these two types of cells has been
recently demonstrated, also involving the direct inter-
vention of PD-L1 [76].

The new perspective of HCS intervention as a non-
professional APC in complex relationships with other
types of cells of liver sinusoid capillary is still debated.
Experimentally, numerous receptors have been identified
on the plasma membrane of HSCs (members of the HLA
class II, Fc (fragment crystallizable) of 1gG, cathepsin S,
and lipid-presenting molecules) — a feature which supports
this theory [65-67]. As APCs, HSCs may induce the
efficient stimulation of lymphocytes or apoptosis of virus-
infected cells [48]. However, HSCs intervention as APCs
is controversial. There are data to support that HSCs are
not able to act alone as APCs but that they require the
intervention of retinoic acid or of TGF-£1, molecules
which could stimulate T-lymphocytes activation and
may induce differentiation of Foxp3® subpopulation
[77-79].
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Hepatic stellate cells and hepatocellular
carcinoma

Considering that HSCs promote and support secretion
of cytokines which controls liver proliferation and rege-
neration, in specific clinical situations, their aberrant
activation may result in severe diseases, such as hepato-
cellular carcinoma [10].

Frequently, hepatocellular carcinoma is developed
on a preexistent liver pathology, as liver cirrhosis — the
characteristic fibrosis present in the liver parenchyma
being performed by HSCs [80]. Thus, more and more
studies raise the question of the connection between the
activity of HSCs and the occurrence of malignant tumors,
as they intervene in liver carcinogenesis by autocrine
secretion of numerous cytokines, such as TGF-4, PDGF,
FGF 1 and 2 (fibroblast growth factors 1 and 2), IGF
(insulin-like growth factors), and HGF [30, 53, 81-83].
This assessment is sustained by immunohistochemical
studies results that revealed a high number of HSCs in
tumoral sinusoids, capsule, and fibrous septae [84, 85].

In liver carcinogenesis initiation, these cells intervene
not only by modulation of stromal growth, but also by
inhibition of the local immune response or by stimulation
of neoangiogenesis, features demonstrated in patients with
chronic viral hepatitis [86—88]. All these findings lead
to the conclusion that HSCs are “accomplices” which
create this microenvironment required for tumor masses
development, including secondary or metastatic types [89].

In achieving the goal of early detection of malignant
transformation in chronic lesions associated to cirrhosis
or viral hepatitis, a decisive role might be played by the
activated HSCs. Thus, secretory products of these cells,
as HGF, IGF, TGF-f1, or osteopontin, whose level of
secretion are much more amplified in patients with
hepatocellular carcinoma, might be considered as novel
diagnostic biomarkers with potential future applicability
in current medical practice [90-92].

=& Recent technical advances in HSCs
research

Taking into account the technical requisites, HSCs
isolation is a very difficult process. Historically, the first
procedures were accomplished in rats [93, 94], but mouse
models, including genetic ones, have been lately developed
[5]- Nevertheless, the “gold standard” method applies the
principle of density centrifugation using Iohexol, resulting
in HSCs separation based on their physical characteris-
tics in comparison to other cells of liver parenchyma.
Following this method, viable HSCs, which are appropriate
for cell culture research, are obtained [95]. More recently,
other methods have become available for HSCs identi-
fication, such as: flow cytometry, quantitative real-time
PCR, confocal microscopy, and molecular markers of
cellular origin and of specific phenotype [5].

The FACS (fluorescence-activated cell sorting) pro-
cedure applied to obtain HSCs has been reported by several
groups of researchers [41, 95-99]. Unfortunately, due to
large variations of the protocols, a complete analysis of
the isolated cells functional properties has not been yet
achieved.

HSCs are major targets in anti-fibrotic therapies. Most

research in this direction has been mainly done using
experimental models [100] designed to exploit the fibrosis
mechanisms which involve HSCs. Consequently, different
receptors for molecular therapies have been identified,
such as: M6P/IGF-IIR (mannose-6-phosphate/insulin-
like growth factor II receptor), PDGFR (platelet-derived
growth factor receptor), RBPR (retinol binding protein
receptor), ap,-macroglobulin, ferritin, uroplasminogen,
thrombin, matrix compounds (integrin, collagen type VI,
and fibronectin) receptors [101, 102].

One of the most studied receptors is M6P/IGF-IIR,
a regulatory transmembrane glycoprotein, acting as a
clearance receptor able to provide protein degradation
by endocytosis, or able to act as a signaling receptor
involved in transduction of G-protein-linked signal [103,
104]. M6P/IGF-IIR has affinity for different ligand
molecules, classified according to their binding modality
in two categories: M6P-containing ligands (renin, latent
TGF-p1, thyroglobulin, proliferin, leukemia inhibitory
factor, and granzyme B) and M6P-free ligands (IGF-II,
retinoic acid, urokinase-type plasminogen activator receptor,
and plasminogen) [104]. Furthermore, M6P binding to
activated HSCs requires a carrier and the necessary
abilities to perform this task are expressed by HSA (human
serum albumin), as has been demonstrated by appropriate
tests [105, 106].

M6P-HSA complex binding to HSCs results, by M6P
internalization [106], in activation reduction — thus,
representing the first proof of HSCs targeted therapy
benefits [101]. A different mechanism used to obtain a
selective carrier is based on albumin transformation by
means of cyclic peptide moieties, which provide the binding
to other molecules (i.e., cytokines or growth factors) and
these, in turn, adhere to HSCs. Thus, the precise orientation
of some anti-fibrotic substances towards HSCs has been
achieved, in vitro (e.g., doxorubicin [107], pentoxifylline
[108, 109] 184-glycyrrhetinic acid (185-GA) [110], myco-
phenolic acid [106]), directly resulting in a reduction of
the fibrosis process [102, 111].

Another target molecule is PDGFRS, which is over-
expressed in PDGF-stimulated HSCs, with powerful
mitogenic effect directly correlated with fibrosis [112].
An additional design tentative of a targeted drug delivery
system dedicated to IFN-y selective supply to HSCs has
been using sterically stable liposomes adapted by specific
cyclic peptides assuring PDGFRf binding [113-115].
This type of experiment is justified by the necessity to
optimize the anti-fibrotic action of IFN-y administered
to human subjects [115].

A recent stage in specifically oriented cirrhosis therapy
toward HSCs is represented by genetic approach. Antigenic
therapy is aimed to provide HSCs genes and antisense
material, via adenoviral or lipid based non-viral vectors
[101]. The studies on this subject, using mainly adenoviral
mediated transduction methods, are yet limited.

Although HSCs have a unique gene signature, this
suffers major transformations during the transdifferenti-
ation process into myofibroblasts [116-119]. However,
HSCs isolation by FACS secures the preservation of the
characteristic gene reservoir [99], including the major
fibrogenic genes Collal and Acta2 [95].

The cluster of transdifferentiation-sensitive genes has
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been continuously extending. This comprises transcription
factors, extracellular matrix proteins, cellular adhesion
molecules, cytokine receptors, and genes codifying proteins
responsible for matrix transformation or cytoskeletal
arrangement [102]. Some of them are considered as putative
targets for genic therapies application [102, 104], with
several experimental reports on CSRP2 and SM22¢ genes
[120], GFAP gene [121-123], vimentin gene [61], a-SMA
and Collal gene [124].

Targeted genic therapy may be also oriented toward
several receptors, such as p75 neurotrophin [125], which
bind to NGF (nerve growth factor) and results in activated
HSCs apoptosis [125, 126]. Consequently, in case of a
direct stimulation of p75SNTR (p75 neurotrophin receptor),
HSCs destruction could be achieved [125, 126].

Although the benefits of genic therapy are undoubtable,
the pathway from experimental data to clinical application
is far from being accomplished. The difficulties mainly
derive from the inconsistence of the reported results,
in vitro observations sometimes lacking in vivo corres-
pondence — a feature understandable in relation to the
complexity of regulation process responsible for HSCs
genetic specificity [120].

=& Final remarks

Despite the amount of knowledge accumulating on
HSCs, they still remain an enigma. Its pluripotential
capacity and its major contribution in liver development
and regeneration could represent challenging research
targets in developing novel therapies. Moreover, extremely
interesting data on HSCs involvement in regulation
of immunotolerance in liver microenvironment — with
significance for viral pathology — have been registered,
suggesting subtle relationships between their activity and
some other types of inflammatory cells. Last but not least,
the use of HSCs for in vitro differentiation of hepatocytes
followed by transplant in human liver could provide the
base for new therapeutic approaches in liver diseases.

Conflict of interests
The authors declare that they have no conflict of
interests.

References

[11 Wake K. “Sternzellen” in the liver: perisinuosoidal cells with
special reference to storage of vitamin A. Am J Anat, 1971,
132(4):429-462.

[2] Ito T. Cytological studies on stellate cells of Kupffer and fat-
storing cells in the capillary wall of human liver. Acta Anat
Nippon, 1951, 26(2):42.

[3] Bronfenmajer S, Schaffner F, Popper H. Fat-storing cells
(lipocytes) in human liver. Arch Pathol, 1966, 82(5):447—-453.

[4] Geerts A. History, heterogeneity, developmental biology, and
functions of quiescent hepatic stellate cells. Semin Liver Dis,
2001, 21(3):311-335.

[5] Friedman SL. Hepatic stellate cells: protean, multifunctional,
and enigmatic cells of the liver. Physiol Rev, 2008, 88(1):
125-172.

[6] Wake K. Perisinusoidal stellate cells (fat-storing cells, inter-
stitial cells, lipocytes), their related structure in and around
the liver sinusoids, and vitamin A-storing cells in extrahepatic
organs. Int Rev Cytol, 1980, 66:303-353.

[7] Sato M, Suzuki S, Senoo H. Hepatic stellate cells: unique
characteristics in cell biology and phenotype. Cell Struct
Funct, 2003, 28(2):105-112.

[8] Geerts A. On the origin of stellate cells: mesodermal, endo-
dermal or neuro-ectodermal? J Hepatol, 2004, 40(2):331-334.

[9] Asahina K, Zhou B, Pu WT, Tsukamoto H. Septum trans-
versum-derived mesothelium gives rise to hepatic stellate
cells and perivascular mesenchymal cells in developing
mouse liver. Hepatology, 2011, 53(3):983-995.

[10] Yin C, Evason KJ, Asahina K, Stainier DY. Hepatic stellate
cells in liver development, regeneration, and cancer. J Clin
Invest, 2013, 123(5):1902—-1910.

[11] Cassiman D, Barlow A, Vander Borght S, Libbrecht L,
Pachnis V. Hepatic stellate cells do not derive from the neural
crest. J Hepatol, 2006, 44(6):1098-1104.

[12] Suskind DL, Muench MO. Searching for common stem cells
of the hepatic and hematopoietic systems in the human fetal
liver: CD34+ cytokeratin 7/8+ cells express markers for stellate
cells. J Hepatol, 2004, 40(2):261-268.

[13] Kalinichenko VV, Bhattacharyya D, Zhou Y Gusarova GA,
Kim W, Shin B, Costa RH. Foxf1 +/- mice exhibit defective
stellate cell activation and abnormal liver regeneration following
CCly injury. Hepatology, 2003, 37(1):107-117.

[14] Giampieri MP, Jezequel AM, Orlandi F. The lipocytes in normal
human liver. A quantitative study. Digestion, 1981, 22(4):165—
169.

[15] Jezequel AM, Novelli G, Venturini C, Orlandi F. Quantitative
analysis of the perisinusoidal cells in human liver: the lipo-
cytes. Front Gastrointest Res, 1984, 8:85-90.

[16] Wake K. Cell—cell organization and functions of ‘sinusoids’
in liver microcirculation system. J Electron Microsc (Tokyo),
1999, 48(2):89-98.

[17] Wake K. Structure of the sinusoidal wall in the liver. In: Wisse E,
Knook DL, Wake K (eds). Cells of the hepatic sinusoid. Vol. 5,
The Kupffer Cell Foundation, Leiden, 1995.

[18] Melton AC, Yee HF. Hepatic stellate cell protrusions couple
platelet-derived growth factor-BB to chemotaxis. Hepatology,
2007, 45(6):1446-1453.

[19] Cassiman D, Denef C, Desmet VJ, Roskams T. Human and
rat hepatic stellate cells express neurotrophins and neuro-
trophin receptors. Hepatology, 2001, 33(1):148-158.

[20] Roskams T, Cassiman D, De Vos R, Libbrecht L. Neuro-
regulation of the neuroendocrine compartment of the liver.
Anat Rec A Discov Mol Cell Evol Biol, 2004, 280(1):910-923.

[21] Laleman W, Van Landeghem L, Severi T, Vander Elst |,
Zeegers M, Bisschops R, Van Pelt J, Roskams T, Cassiman D,
Fevery J, Nevens F. Both Ca®*-dependent and -independent
pathways are involved in rat hepatic stellate cell contraction
and intrahepatic hyperresponsiveness to methoxamine. Am
J Physiol Gastrointest Liver Physiol, 2007, 292(2):G556—
G564.

[22] Lee JS, Semela D, Iredale J, Shah VH. Sinusoidal remodeling
and angiogenesis: a new function for the liver-specific pericyte?
Hepatology, 2007, 45(3):817-825.

[23] Semela D, Das A, Langer D, Kang N, Leof E, Shah V. Platelet-
derived growth factor signaling through ephrin-b2 regulates
hepatic vascular structure and function. Gastroenterology,
2008, 135(2):671-679.

[24] Berg T, DeLanghe S, Al Alam D, Utley S, Estrada J, Wang KS.
B-catenin regulates mesenchymal progenitor cell differentiation
during hepatogenesis. J Surg Res, 2010, 164(2):276-285.

[25] Novo E, Cannito S, Morello E, Paternostro C, Bocca C,
Miglietta A, Parola M. Hepatic myofibroblasts and fibrogenic
progression of chronic liver diseases. Histol Histopathol,
2015, 30(9):1011-1032.

[26] Wright DE, Bowman EP, Wagers AJ, Butcher EC, Weissman IL.
Hematopoietic stem cells are uniquely selective in their
migratory response to chemokines. J Exp Med, 2002, 195(9):
1145-1154.

[27] Kubota H, Yao HL, Reid LM. Identification and characteri-
zation of vitamin A-storing cells in fetal liver: implications for
functional importance of hepatic stellate cells in liver deve-
lopment and hematopoiesis. Stem Cells, 2007, 25(9):2339—
2349.

[28] Curado S, Stainier DY. deLiver'in regeneration: injury response
and development. Semin Liver Dis, 2010, 30(3):288-295.

[29] Rutherford A, Chung RT. Acute liver failure: mechanisms of
hepatocyte injury and regeneration. Semin Liver Dis, 2008,
28(2):167-174.

[30] Roskams T. Relationships among stellate cell activation,
progenitor cells, and hepatic regeneration. Clin Liver Dis,
2008, 12(4):853-860, ix.




Pointing at Ito cell, from structure to function (... or Cinderella story in liver histology) 921

[31] Taub R. Liver regeneration: from myth to mechanism. Nat Rev
Mol Cell Biol, 2004, 5(10):836-847.

[32] Karkampouna S, Ten Dijke P, Dooley S, Julio MK. TGFB
signaling in liver regeneration. Curr Pharm Des, 2012, 18(27):
4103-4113.

[33] Hellerbrand C. Hepatic stellate cells — the pericytes in the
liver. Pflugers Arch, 2013, 465(6):775-778.

[34] Wake K. Development of vitamin A-rich lipid droplets in multi-
vesicular bodies of rat liver stellate cells. J Cell Biol, 1974,
63(2 Pt 1):683-691.

[35] Yamamoto K, Ogawa K. Fine structure and cytochemistry of
lysosomes in the Ito cells of the rat liver. Cell Tissue Res,
1983, 233(1):45-57.

[36] Blaner WS, O’'Byrne SM, Wongsiriroj N, Kluwe J, D’Ambrosio DM,
Jiang H, Schwabe RF, Hillman EM, Piantedosi R, Libien J.
Hepatic stellate cell lipid droplets: a specialized lipid droplet
for retinoid storage. Biochim Biophys Acta, 2009, 1791(6):
467-473.

[37] Blomhoff R, Helgerud P, Rasmussen M, Berg T, Norum KR.
In vivo uptake of chylomicron [3H]retinyl ester by rat liver:
evidence for retinol transfer from parenchymal to nonparen-
chymal cells. Proc Natl Acad Sci U S A, 1982, 79(23):7326—
7330.

[38] Yamada M, Blaner WS, Soprano DR, Dixon JL, Kjeldbye HM,
Goodman DS. Biochemical characteristics of isolated rat liver
stellate cells. Hepatology, 1987, 7(6):1224—1229.

[39] Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis.
Best Pract Res Clin Gastroenterol, 2011, 25(2):195-206.

[40] Kisseleva T, Cong M, Paik Y, Scholten D, Jiang C, Benner C,
lwaisako K, Moore-Morris T, Scott B, Tsukamoto H, Evans SM,
Dillmann W, Glass CK, Brenner DA. Myofibroblasts revert to
an inactive phenotype during regression of liver fibrosis. Proc
Natl Acad Sci U S A, 2012, 109(24):9448-9453.

[41] Tsukamoto H, Zhu NL, Wang J, Asahina K, Machida K.
Morphogens and hepatic stellate cell fate regulation in chronic
liver disease. J Gastroenterol Hepatol, 2012, 27(Suppl 2):94—
98.

[42] Potter JJ, Womack L, Mezey E, Anania FA. Transdifferenti-
ation of rat hepatic stellate cells results in leptin expression.
Biochem Biophys Res Commun, 1998, 244(1):178-182.

[43] Potter JJ, Mezey E. Acetaldehyde increases endogenous
adiponectin and fibrogenesis in hepatic stellate cells but
exogenous adiponectin inhibits fibrogenesis. Alcohol Clin Exp
Res, 2007, 31(12):2092-2100.

[44] Hazra S, Xiong S, Wang J, Rippe RA, Krishna V, Chatterjee K,
Tsukamoto H. Peroxisome proliferator-activated receptor
gamma induces a phenotypic switch from activated to
quiescent hepatic stellate cells. J Biol Chem, 2004, 279(12):
11392-11401.

[45] Marra F, Efsen E, Romanelli RG, Caligiuri A, Pastacaldi S,
Batignani G, Bonacchi A, Caporale R, Laffi G, Pinzani M,
Gentilini P. Ligands of peroxisome proliferator-activated
receptor gamma modulate profibrogenic and proinflammatory
actions in hepatic stellate cells. Gastroenterology, 2000,
119(2):466-478.

[46] Sauvant P, Cansell M, Atgié C. Vitamin A and lipid meta-
bolism: relationship between hepatic stellate cells (HSCs)
and adipocytes. J Physiol Biochem, 2011, 67(3):487-496.

[47] Lee YS, Jeong WI. Retinoic acids and hepatic stellate cells
in liver disease. J Gastroenterol Hepatol, 2012, 27(Suppl 2):
75-79.

[48] Yi HS, Jeong WI. Interaction of hepatic stellate cells with
diverse types of immune cells: foe or friend? J Gastroenterol
Hepatol, 2013, 28(Suppl 1):99—104.

[49] Kobayashi S, Seki S, Kawada N, Morikawa H, Nakatani K,
Uyama N, lkeda K, Nakajima Y, Arakawa T, Kaneda K.
Apoptosis of T cells in the hepatic fibrotic tissue of the rat:
a possible inducing role of hepatic myofibroblast-like cells.
Cell Tissue Res, 2003, 311(3):353-364.

[50] Safadi R, Ohta M, Alvarez CE, Fiel MI, Bansal M, Mehal WZ,
Friedman SL. Immune stimulation of hepatic fibrogenesis by
CD8 cells and attenuation by transgenic interleukin-10 from
hepatocytes. Gastroenterology, 2004, 127(3):870-882.

[51] Mullhaupt B, Feren A, Fodor E, Jones A. Liver expression of
epidermal growth factor RNA. Rapid increases in immediate-
early phase of liver regeneration. J Biol Chem, 1994, 269(31):
19667—-19670.

[52] Hendriks HF, Verhoofstad WA, Brouwer A, de Leeuw AM,
Knook DL. Perisinusoidal fat-storing cells are the main vitamin
A storage sites in rat liver. Exp Cell Res, 1985, 160(1):138—-149.

[63] Pinzani M, Marra F. Cytokine receptors and signaling in
hepatic stellate cell. Semin Liver Dis, 2001, 21(3):397—416.

[54] Suh YG, Jeong WI. Hepatic stellate cells and innate immunity
in alcoholic liver disease. World J Gastroenterol, 2011, 17(20):
2543-2551.

[65] Huang G, Brigstock DR. Regulation of hepatic stellate cells
by connective tissue growth factor. Front Biosci (Landmark
Ed), 2012, 17:2495-2507.

[56] Czaja AJ. Hepatic inflammation and progressive liver fibrosis
in chronic liver disease. World J Gastroenterol, 2014, 20(10):
2515-2532.

[57] Hellerbrand C, Wang SC, Tsukamoto H, Brenner DA, Rippe RA.
Expression of intracellular adhesion molecule 1 by activated
hepatic stellate cells. Hepatology, 1996, 24(3):670-676.

[58] Winau F, Hegasy G, Weiskirchen R, Weber S, Cassan C,
Sieling PA, Modlin RL, Liblau RS, Gressner AM, Kaufmann SH.
Ito cells are liver-resident antigen-presenting cells for acti-
vating T cell responses. Immunity, 2007, 26(1):117-129.

[59] Tanaka H, Leung PS, Kenny TP, Gershwin ME, Bowlus CL.
Immunological orchestration of liver fibrosis. Clin Rev Allergy
Immunol, 2012, 43(3):220-229.

[60] Lemoinne S, Cadoret A, El Mourabit H, Thabut D, Housset C.
Origins and functions of liver myofibroblasts. Biochim Biophys
Acta, 2013, 1832(7):948-954.

[61] Troeger JS, Mederacke |, Gwak GY, Dapito DH, Mu X, Hsu CC,
Pradere JP, Friedman RA, Schwabe RF. Deactivation of
hepatic stellate cells during liver fibrosis resolution in mice.
Gastroenterology, 2012, 143(4):1073-1083.e22.

[62] Kong D, Zhang F, Zhang Z, Lu Y, Zheng S. Clearance of
activated stellate cells for hepatic fibrosis regression: mole-
cular basis and translational potential. Biomed Pharmacother,
2013, 67(3):246-250.

[63] Cohen-Naftaly M, Friedman SL. Current status of novel anti-
fibrotic therapies in patients with chronic liver disease. Therap
Adv Gastroenterol, 2011, 4(6):391-417.

[64] Benyon RC, Iredale JP, Goddard S, Winwood PJ, Arthur MJ.
Expression of tissue inhibitor of metalloproteinases 1 and 2
is increased in fibrotic human liver. Gastroenterology, 1996,
110(3):821-831.

[65] Vifias O, Bataller R, Sancho-Bru P, Ginés P, Berenguer C,
Enrich C, Nicolas JM, Ercilla G, Gallart T, Vives J, Arroyo V,
Rodés J. Human hepatic stellate cells show features of antigen-
presenting cells and stimulate lymphocyte proliferation. Hepa-
tology, 2003, 38(4):919-929.

[66] Shen H, Zhang M, Kaita K, Minuk GY, Rempel J, Gong Y.
Expression of Fc fragment receptors of immunoglobulin G
(Fc gammaRs) in rat hepatic stellate cells. Dig Dis Sci, 2005,
50(1):181-187.

[67] Maubach G, Lim MC, Kumar S, Zhuo L. Expression and up-
regulation of cathepsin S and other early molecules required
for antigen presentation in activated hepatic stellate cells
upon IFN-gamma treatment. Biochim Biophys Acta, 2007,
1773(2):219-231.

[68] Charles R, Chou HS, Wang L, Fung JJ, Lu L, Qian S. Human
hepatic stellate cells inhibit T-cell response through B7-H1
pathway. Transplantation, 2013, 96(1):17—-24.

[69] Yu MC, Chen CH, Liang X, Wang L, Gandhi CR, Fung JJ, Lu L,
Qian S. Inhibition of T-cell responses by hepatic stellate cells
via B7-H1-mediated T-cell apoptosis in mice. Hepatology,
2004, 40(6):1312-1321.

[70] Hsieh CC, Hung CH, Lu L, Qian S. Hepatic immune tolerance
induced by hepatic stellate cells. World J Gastroenterol, 2015,
21(42):11887-11892.

[71] Mihlbauer M, Fleck M, Schiitz C, Weiss T, Froh M, Blank C,
Schdlmerich J, Hellerbrand C. PD-L1 is induced in hepatocytes
by viral infection and by interferon-alpha and -gamma and
mediates T cell apoptosis. J Hepatol, 2006, 45(4):520-528.

[72] Dranoff JA, Ogawa M, Kruglov EA, Gagca MD, Sévigny J,
Robson SC, Wells RG. Expression of P2Y nucleotide
receptors and ectonucleotidases in quiescent and activated
rat hepatic stellate cells. Am J Physiol Gastrointest Liver
Physiol, 2004, 287(2):G417-G424.

[73] Wasmuth HE, Weiskirchen R. [Pathogenesis of liver fibrosis:
modulation of stellate cells by chemokines]. Z Gastroenterol,
2010, 48(1):38-45.




922

Adriana Grigoras et al.

[74] Branddo DF, Ramalho FS, Martinelli AL, Zucoloto S, Ramalho LN.
Relationship between plasma cells and hepatic stellate cells
in autoimmune hepatitis. Pathol Res Pract, 2010, 206(12):
800-804.

[75] Doherty DG. Immunity, tolerance and autoimmunity in the
liver: a comprehensive review. J Autoimmun, 2016, 66:60—75.

[76] Li Y, Lu L, Qian S, Fung JJ, Lin F. Hepatic stellate cells directly
inhibit B cells via programmed death-ligand 1. J Immunol,
2016, 196(4):1617—-1625.

[77] Dunham RM, Thapa M, Velazquez VM, Elrod EJ, Denning TL,
Pulendran B, Grakoui A. Hepatic stellate cells preferentially
induce Foxp3+ regulatory T cells by production of retinoic
acid. J Immunol, 2013, 190(5):2009-2016.

[78] Ichikawa S, Mucida D, Tyznik AJ, Kronenberg M, Cheroutre H.
Hepatic stellate cells function as regulatory bystanders.
J Immunol, 2011, 186(10):5549-5555.

[79] Weiskirchen R, Tacke F. Cellular and molecular functions of
hepatic stellate cells in inflammatory responses and liver
immunology. Hepatobiliary Surg Nutr, 2014, 3(6):344-363.

[80] Friedman SL. Fibrogenic cell reversion underlies fibrosis
regression in liver. Proc Natl Acad Sci U S A, 2012, 109(24):
9230-9231.

[81] Tacke F, Weiskirchen R. Update on hepatic stellate cells:
pathogenic role in liver fibrosis and novel isolation techniques.
Expert Rev Gastroenterol Hepatol, 2012, 6(1):67-80.

[82] Zhang DY, Friedman SL. Fibrosis-dependent mechanisms of
hepatocarcinogenesis. Hepatology, 2012, 56(2):769-775.

[83] Bataller R, Brenner DA. Liver fibrosis. J Clin Invest, 2005,
115(2):209-218.

[84] Mikula M, Proell V, Fischer AN, Mikulits W. Activated hepatic
stellate cells induce tumor progression of neoplastic hepato-
cytes in a TGF-beta dependent fashion. J Cell Physiol, 2006,
209(2):560-567.

[85] Zhao W, Zhang L, Yin Z, Su W, Ren G, Zhou C, You J, Fan J,
Wang X. Activated hepatic stellate cells promote hepato-
cellular carcinoma development in immunocompetent mice.
Int J Cancer, 2011, 129(11):2651-2661.

[86] Chen CH, Kuo LM, Chang Y, Wu W, Goldbach C, Ross MA,
Stolz DB, Chen L, Fung JJ, Lu L, Qian S. In vivo immune
modulatory activity of hepatic stellate cells in mice. Hepatology,
2006, 44(5):1171-1181.

[87] Novo E, Cannito S, Zamara E, Valfre di Bonzo L, Caligiuri A,
Cravanzola C, Compagnone A, Colombatto S, Marra F,
Pinzani M, Parola M. Proangiogenic cytokines as hypoxia-
dependent factors stimulating migration of human hepatic
stellate cells. Am J Pathol, 2007, 170(6):1942—1953.

[88] Le Pabic H, Bonnier D, Wewer UM, Coutand A, Musso O,
Baffet G, Clément B, Théret N. ADAM12 in human liver
cancers: TGF-beta-regulated expression in stellate cells is
associated with matrix remodeling. Hepatology, 2003, 37(5):
1056-1066.

[89] Kang N, Gores GJ, Shah VH. Hepatic stellate cells: partners
in crime for liver metastases? Hepatology, 2011, 54(2):707—
713.

[90] Shirai Y, Kawata S, Tamura S, Ito N, Tsushima H, Takaishi K,
Kiso S, Matsuzawa Y. Plasma transforming growth factor-
beta 1 in patients with hepatocellular carcinoma. Comparison
with chronic liver diseases. Cancer, 1994, 73(9):2275-2279.

[91] Bertino G, Ardiri A, Malaguarmera M, Malaguamera G, Bertino N,
Calvagno GS. Hepatocellular carcinoma serum markers.
Semin Oncol, 2012, 39(4):410—433.

[92] Shang S, Plymoth A, Ge S, Feng Z, Rosen HR, Sangrajrang S,
Hainaut P, Marrero JA, Beretta L. Identification of osteopontin
as a novel marker for early hepatocellular carcinoma. Hepa-
tology, 2012, 55(2):483—-490.

[93] Knook DL, Seffelaar AM, de Leeuw AM. Fat-storing cells of
the rat liver. Their isolation and purification. Exp Cell Res,
1982, 139(2):468-471.

[94] Friedman SL, Roll FJ, Boyles J, Bissell DM. Hepatic lipocytes:
the principal collagen-producing cells of normal rat liver. Proc
Natl Acad Sci U S A, 1985, 82(24):8681-8685.

[95] Mederacke |, Dapito DH, Affo S, Uchinami H, Schwabe RF.
High-yield and high-purity isolation of hepatic stellate cells
from normal and fibrotic mouse livers. Nat Protoc, 2015,
10(2):305-315.

[96] Baeck C, Wehr A, Karlmark KR, Heymann F, Vucur M,
Gassler N, Huss S, Klussmann S, Eulberg D, Luedde T,

Trautwein C, Tacke F. Pharmacological inhibition of the
chemokine CCL2 (MCP-1) diminishes liver macrophage
infiltration and steatohepatitis in chronic hepatic injury. Gut,
2012, 61(3):416-426.

[97] Roderburg C, Luedde M, Vargas Cardenas D, Vucur M,
Mollnow T, Zimmermann HW, Koch A, Hellerbrand C, Weis-
kirchen R, Frey N, Tacke F, Trautwein C, Luedde T. miR-
133a mediates TGF-B-dependent derepression of collagen
synthesis in hepatic stellate cells during liver fibrosis. J Hepatol,
2013, 58(4):736-742.

[98] Iwaisako K, Jiang C, Zhang M, Cong M, Moore-Morris TJ,
Park TJ, Liu X, Xu J, Wang P, Paik YH, Meng F, Asagiri M,
Murray LA, Hofmann AF, lida T, Glass CK, Brenner DA,
Kisseleva T. Origin of myofibroblasts in the fibrotic liver in
mice. Proc Natl Acad Sci U S A, 2014, 111(32):E3297-E3305.

[99] Bartneck M, Warzecha KT, Tag CG, Sauer-Lehnen S,
Heymann F, Trautwein C, Weiskirchen R, Tacke F. Isolation
and time lapse microscopy of highly pure hepatic stellate
cells. Anal Cell Pathol (Amst), 2015, 2015:417023.

[100] Muriel P, Moreno MG, Hernandez Mdel C, Chavez E,
Alcantar LK. Resolution of liver fibrosis in chronic CCl,
administration in the rat after discontinuation of treatment:
effect of silymarin, silibinin, colchicine and trimethylcolchicinic
acid. Basic Clin Pharma Toxicol, 2005, 96(5):375-380.

[101] Mishra B, Epand RF, Epand RM, Wang G. Structural location
determines functional roles of the basic amino acids of KR-
12, the smallest antimicrobial peptide from human cathelicidin
LL-37. RSC Adv, 2013, (42):10.1039/C3RA42599A.

[102] Schon HT, Bartneck M, Borkham-Kamphorst E, Nattermann J,
Lammers T, Tacke F, Weiskirchen R. Pharmacological
intervention in hepatic stellate cell activation and hepatic
fibrosis. Front Pharmacol, 2016, 7:33.

[103] EI-Shewy HM, Luttrell LM. Insulin-like growth factor-2/
mannose-6 phosphate receptors. Vitam Horm, 2009, 80:
667-697.

[104] Heger J, Schluter KD. Renin and the IGFII/M6P receptor
system in cardiac biology. ScientificWorldJournal, 2013,
2013:260298.

[105] Beljaars L, Molema G, Weert B, Bonnema H, Olinga P,
Groothuis GM, Meijer DK, Poelstra K. Albumin modified with
mannose 6-phosphate: a potential carrier for selective delivery
of antifibrotic drugs to rat and human hepatic stellate cells.
Hepatology, 1999, 29(5):1486—1493.

[106] Greupink R, Bakker HI, Reker-Smit C, van Loenen-Wee-
maes A, Kok RJ, Meijer DK, Beljaars L, Poelstra K. Studies
on the targeted delivery of the antifibrogenic compound
mycophenolic acid to the hepatic stellate cell. J Hepatol,
2005, 43(5):884—-892.

[107] Greupink R, Bakker HI, Bouma W, Reker-Smit C, Meijer DKF,
Beljaars L, Poelstra K. The antiproliferative drug doxorubicin
inhibits liver fibrosis in bile duct-ligated rats and can be
selectively delivered to hepatic stellate cells in vivo. J Phar-
macol Exp Ther, 2006, 317(2):514-521.

[108] Gonzalo T, Talman EG, van de Ven A, Temming K, Greupink R,
Beljaars L, Reker-Smit C, Meijer DKF, Molema G, Poelstra K,
Kok RJ. Selective targeting of pentoxifylline to hepatic stellate
cells using a novel platinum-based linker technology. J Control
Release, 2006, 111(1-2):193-203.

[109] He C, Hu Y, Yin L, Tang C, Yin C. Effects of particle size
and surface charge on cellular uptake and biodistribution of
polymeric nanoparticles. Biomaterials, 2010, 31(13):3657—
3666.

[110] Luk JM, Zhang QS, Lee NP, Wo JY, Leung PP, Liu LX, Hu MY,
Cheung KF, Hui CK, Lau GK, Fan ST. Hepatic stellate cell-
targeted delivery of M6P-HSA-glycyrrhetinic acid attenuates
hepatic fibrogenesis in a bile duct ligation rat model. Liver
Int, 2007, 27(4):548-557.

[111] Gary-Bobo M, Elachouri G, Gallas JF, Janiak P, Marini P,
Ravinet-Trillou C, Chabbert M, Cruccioli N, Pfersdorff C,
Roque C, Arnone M, Croci T, Soubrié P, Oury-Donat F,
Maffrand JP, Scatton B, Lacheretz F, Le Fur G, Herbert JM,
Bensaid M. Rimonabant reduces obesity-associated hepatic
steatosis and features of metabolic syndrome in obese
Zucker falfa rats. Hepatology, 2007, 46(1):122—129.

[112] Bonner JC. Regulation of PDGF and its receptors in fibrotic
diseases. Cytokine Growth Factor Rev, 2004, 15(4):255-
273.




Pointing at Ito cell, from structure to function (... or Cinderella story in liver histology)

923

[113] Beljaars L, Weert B, Geerts A, Meijer DKF, Poelstra K.
The preferential homing of a platelet derived growth factor
receptor-recognizing macromolecule to fibroblast-like cells in
fibrotic tissue. Biochem Pharmacol, 2003, 66(7):1307-1317.

[114] Bansal R, Prakash J, Post E, Beljaars L, Schuppan D,
Poelstra K. Novel engineered targeted interferon-y blocks
hepatic fibrogenesis in mice. Hepatology, 2011, 54(2):586-596.

[115] Li F, Li QH, Wang JY, Zhan CY, Xie C, Lu WY. Effects of
interferon-y liposomes targeted to platelet-derived growth
factor receptor-8 on hepatic fibrosis in rats. J Control
Release, 2012, 159(2):261-270.

[116] Kristensen DB, Kawada N, Imamura K, Miyamoto Y, Tateno C,
Seki S, Kuroki T, Yoshizato K. Proteome analysis of rat
hepatic stellate cells. Hepatology, 2000, 32(2):268-277.

[117] Ji H, Ehrlich LI, Seita J, Murakami P, Doi A, Lindau P, Lee H,
Aryee MJ, Irizarry RA, Kim K, Rossi DJ, Inlay MA, Serwold T,
Karsunky H, Ho L, Daley GQ, Weissman IL, Feinberg AP.
Comprehensive methylome map of lineage commitment from
haematopoietic progenitors. Nature, 2010, 467(7313):338-342.

[118] Azimifar SB, Nagaraj N, Cox J, Mann M. Cell-type-resolved
quantitative proteomics of murine liver. Cell Metab, 2014,
20(6):1076-1087.

[119] Zhang DY, Goossens N, Guo J, Tsai MC, Chou HI,
Altunkaynak C, Sangiovanni A, lavarone M, Colombo M,
Kobayashi M, Kumada H, Villanueva A, Llovet JM, Hoshida Y,
Friedman SL. A hepatic stellate cell gene expression
signature associated with outcomes in hepatitis C cirrhosis
and hepatocellular carcinoma after curative resection. Gut,
2016, 65(10):1754-1764.

Corresponding author

[120] Herrmann J, Arias M, Van de Leur E, Gressner AM,
Weiskirchen R. CSRP2, TIMP-1, and SM22a promoter frag-
ments direct hepatic stellate cell-specific transgene expression
in vitro, but not in vivo. Liver Int, 2004, 24(1):69-79.

[121] Maubach G, Lim MC, Zhang CY, Zhuo L. GFAP promoter
directs lacZ expression specifically in a rat hepatic stellate
cell line. World J Gastroenterol, 2006, 12(5):723-730.

[122] Yang L, Wang Y, Mao H, Fleig S, Omenetti A, Brown KD,
Sicklick JK, Li YX, Diehl AM. Sonic hedgehog is an autocrine
viability factor for myofibroblastic hepatic stellate cells.
J Hepatol, 2008, 48(1):98—106.

[123] Puche JE, Lee YA, Jiao J, Aloman C, Fiel MI, Mufioz U,
Kraus T, Lee T, Yee HF, Friedman SL. A novel murine
model to deplete hepatic stellate cells uncovers their role in
amplifying liver damage in mice. Hepatology, 2013, 57(1):
339-350.

[124] Magness ST, Bataller R, Yang L, Brenner DA. A dual reporter
gene transgenic mouse demonstrates heterogeneity in hepatic
fibrogenic cell populations. Hepatology, 2004, 40(5):1151—
1159.

[125] Reetz J, Genz B, Meier C, Kowtharapu BS, Timm F, Vollmar B,
Herchenrdder O, Kerstin Abshagen K, Putzer BM. Develop-
ment of adenoviral delivery systems to target hepatic stellate
cells in vivo. PLoS One, 2013, 8(6):e67091.

[126] Trim N, Morgan S, Evans M, Issa R, Fine D, Afford S,
Wilkins B, Iredale J. Hepatic stellate cells express the low
affinity nerve growth factor receptor p75 and undergo
apoptosis in response to nerve growth factor stimulation.
Am J Pathol, 2000, 156(4):1235-1243.

Irina-Draga Caruntu, Professor, MD, PhD, Department of Morphofunctional Sciences | — Histology, “Grigore T. Popa”
University of Medicine and Pharmacy, 16 University Street, 700115 lassy, Romania; Phone +40727-003 700,

e-mail: irinadragacaruntu@gmail.com

Received: January 10, 2016

Accepted: November 6, 2016




