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1. ABSTRACT

Pathobiological functions and metabolism of
retinoids (vitamin A and its derivatives) in liver fibrosis
and hepatocellular carcinoma (HCC) are discussed in the
present review.  Retinoic acid (RA, active metabolite)
exacerbates liver fibrosis that is not accompanied by
hepatic necroinflammation, in which RA acts directly on
hepatic stellate cells (HSCs); RA enhances plasminogen
activator/plasmin levels and thereby induces proteolytic
activation of latent transforming growth factor-β (TGF-β),
a strong fibrogenic cytokine, resulting in enhanced collagen
production.  We have developed a protease inhibitor,
camostat mesilate, that suppresses TGF-β ctivation and
thereby inhibits the transformation of HSCs, leading to
reduced matrix production by the cells.  The compound is
effective not only in preventing but also in reducing hepatic
fibrosis in rats when administered orally.

HCC is refractory to RA due to its local depletion
in the tumors and also due to malfunction of its nuclear
receptor, retinoid X receptor-α (RXRα)  Oral
supplementation of a synthetic retinoid named acyclic
retinoid led to the disappearance of serum lectin-reactive α-
fetoprotein (AFP-L3) and subsequently suppressed
posttherapeutic recurrence of HCC in cirrhotic patients.
These results suggest eradication of AFP-L3-producing
latent malignant clones from the liver by the retinoid.  We
propose the concept of “clonal deletion” therapy for cancer
chemoprevention, a new category of cancer chemotherapy.

2. INTRODUCTION

Vitamin A and its analogs, collectively termed
retinoids, have profound effects on cell activities, including
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Figure 1.  Chemical structures of natural and synthetic retinoids.  Retinyl esters (mainly retinyl palmitate, R: fatty acid) stored in
the liver are hydrolyzed to retinol that is then transported to target cells after binding to RBP through the circulation.  RA is
generated from retinol via intermediate retinal by oxidization in the cells of peripheral tissues.  This RA generating process is
mediated by two key enzymes, alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (AHD).  Two well-known isomers of
RA, all-trans RA and 9-cis RA, transactivate retinoid nuclear receptors, RAR and RXR.  In addition, another isomer, 9,13-di-cis
RA, is involved in hepatic fibrogenesis via transactivating RAR.  A number of synthetic retinoid have been developed to perform
their pharmacological applications including cancer chemoprevention.  Acyclic retinoid (NIK 333 or polyprenoic acid) prevented
successfully the development (posttherapeutic reccurrence) of HCC in a clinical trial.

apoptosis, differentiation, reproduction and morphogenesis
(1).  Retinoids modulate inflammatory processes and are
required in tissue wound healing.  In addition, it is
suggested that loss of retinoid activity or responsiveness is
linked to carcinogenesis, including the development of
hepatocellular carcinoma (HCC) (2).  Some of these effects
of retinoids are exerted directly via the nuclear receptors
(3), but others are mediated indirectly through modulating
the activities of cytokines (4).  In the present review, we
focus upon retinoids’ effects on the development of liver
fibrosis and HCC and discuss our approach to their
therapeutic applications.

Retinoids consist of several molecular species,
including retinoic acid (RA) (an active metabolite that
binds to its nuclear receptors), retinol (a transport form in
the plasma), and retinylesters (storage forms in the tissues)
(Figure 1).  In addition, large numbers of synthetic
retinoids have been developed recently.  All natural
retinoids originate in the diet either as retinyl esters or
provitamin A, carotenoids.  Dietary retinyl esters and
carotenoids are subjected to a series of metabolic
conversions to form retinol in the intestinal mucosa.
Retinol is absorbed with other dietary lipids, esterified to
retinyl esters and packed in nascent chylomicrons.  The
chylomicrons are secreted into the lymphatic system and
then enter into the circulation.  Most chylomicron
retinylesters are taken up by the liver, the major storage site

of body retinoids.  The liver stores retinoids in the form of
retinylesters and delivers them as retinol after hydrolysis of
the esters to meet the requirement of peripheral tissues.
There are specific binding proteins to retinol in the plasma
and cells; retinol-binding protein (RBP) and cellular
retinol-binding protein (CRBP), respectively.  A small
portion of dietary retinoids is converted to RA, absorbed
through portal vein, and present in the plasma bound to
albumin.  RA is also biosynthesized in the cells of
peripheral tissues and modutates transactivation activities.
RA binds to cellular RA-binding protein (CRABP) in the
cytoplasm and is further oxidized to an inactive metabolite.
RAs exert their biological functions through two distinct
nuclear receptors, RA receptor (RAR) and retinoid X
receptor (RXR) (3).  RAR interacts with both all-trans-RA
(atRA) and 9-cis-RA (9cRA), whereas RXR binds only to
9cRA.  Both RAR and RXR consist of three subtypes, -α, -
β and -γ, characterized by a modular domain structure.
RXR forms a homodimer as well as heterodimers with
RAR and several other nuclear receptors.  These dimers
bind to their respective response elements and subsequently
activate or inhibit the expression of their target genes.
RAR and RXR bind to a RA response element (RARE) and
RXR response element (RXRE), respectively, and regulate
transactivation of down-stream genes.

Two types of hepatic cell are known to
participate in the retinoid storage and metabolism, hepatic
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parenchymal cells (HPCs) and hepatic stellate cells (HSCs)
(5).  HPCs account for two third of the total liver cells
whereas the number of HSCs is only around 5%.  However,
HSCs play central roles in the storage of retinoids in the
normal liver.  HPCs take up retinoids from chyromicrons
and secrete them as retinol after binding to RBP that is also
synthesized by HPCs.  The mechanism by which retinoids
are transferred between HPCs and HSCs remains unsolved.
Moreover, HSCs are the cells that induce fibrosis in the
damaged liver (6,7).  During the progression of liver
fibrosis, HSCs lose retinoid-containing lipid droplets from
the cytoplasm, transform into myofibroblast-like cells and
start to produce a significant amount of extracellular
matrices (ECMs).  This transformation is termed
“activation” of HSCs.  Thus, it is of great interest to
understand the relationship between the loss of retinoids
and production of ECMs in HSCs.  This understanding may
lead not only to the elucidation of the mechanism of hepatic
fibrosis but also to the development of its therapy.

3.RETINOIDS AND LIVER FIBROSIS

3.1. Controversy of retinoids’ effects
Some controversies have been recorded regarding

the effects of retinoids on liver fibrosis (8).  Some reports
have shown anti-fibrotic effects of retinoids, but others
suggested a pro-fibrogenic action.  For example,
administration of retinylpalmitate (a major retinylester in
the liver) suppressed experimental hepatic fibrosis in rats
produced by either carbon tetrachloride (CCl4) or by
porcine serum (9).  In support of this finding, vitamin A
deficiency was shown to promote CCl4-induced liver
fibrosis (10).  On the other hand, others have reported that
vitamin A plus ethanol stimulated the progression of liver
fibrosis and cirrhosis in rats (11).  Furthermore, the
incidence of human hepatic fibrosis was shown to be
correlated with the amount of vitamin A intake by patients
with vitamin A hepatotoxicity (12).  In addition to the in
vivo effects, accumulating knowledge in molecular biology
studies have shown a suppression of some matrix-
degrading enzyme gene promoters, including stromelysin
and collagenase, by RA (13,14); which may cause a
fibrosis-enhancing effect.  Thus, conflicting effects have
been observed for the effect of retinoids on liver fibrosis
depending upon the experimental conditions or upon the
molecular species of rertinoids, and it is not known if
retinoid loss is required for HSC activation and which
retinoids might accelerate or prevent hepatic fibrosis (6).
Moreover, it is also uncertain how retinylesters (mostly
retinylpalmitate) are lost in HSCs and if retinylesters might
be converted to certain retinoid metabolite(s) that may
affect HSC activation.

In this chapter, we discuss the ECM-producing
effect of RA in HSCs.  We suggest the generation of a
certain isomer of RA in the process of HSC activation in
culture and during liver fibrosis in vivo.  This RA enhances
proteolytic activation of transforming growth factor-
β (TGF-β), a strong fibrogenic cytokine, by up-regulating
the plasminogen activator (PA)/plasmin system.  Active
TGF-β in turn stimulates its own synthesis and enhances
ECM production by HSCs.

3.2. RA-induced TGF-β activation
We have shown that a stable analog of RA

exacerbated liver fibrosis by enhancing the function of
TGF-β in the fibrosis model induced by porcine serum, in
which pure fibrosis is generated without causing hepatic
inflammation or parenchymal necrosis (15).  In this model,
HSCs are the cells that mainly produce TGF-β.  We have
demonstrated that the ECM-producing effect of RA is
mediated via activating a fibrogenic cytokine, TGF-β.

TGF-β is a major cytokine implicated in the
pathogenesis of liver fibrosis and cirrhosis (16).  TGF-β
stimulates HSCs to transform into myofibroblast-like cells,
enhances their production of ECM proteins, and suppresses
the degradation of the ECM (6,7).  Three subtypes of TGF-
β (TGF-β 1, -β 2 and -β 3), whose biological properties are
nearly identical, are found in mammals (17).  TGF-β is
synthesized and secreted in a biologically latent form
(latent TGF-β) which needs to be activated to acquire
binding capacity to its cognate receptors and to perform
biological activities (4).  Activation releases the 25-kDa
TGF-β homodimetric molecule by proteolysis from the
latent large complex.  Plasmin-mediated activation occurs
under physiological conditions such as in the co-cultures of
vascular endothelial and smooth muscle cells (18).  In this
system, activation occurs on the cell-surface by plasmin
generated from serum plasminogen by the action of PA
(19).  It has been reported that RA enhances the production
of both PAs in many cell types (20).  In bovine vascular
endothelial cells, the elevation of cell surface PA/plasmin
levels by RA causes the formation of active TGF-β; this
TGF-β subsequently mediates some of the effects of RA on
the endothelial cells (21,22).

We have demonstrated that RA also stimulates
the formation of active TGF-β in rat HSC cultures via
plasmin-mediated proteolytic cleavage of latent TGF-β on
the cell surface (15) (Figure 2).  The resultant active TGF-
β stimulates its own synthesis, resulting in the generation of
a considerable amount of TGF-β.  Active TGF-β enhances
collagen production and suppresses collagenase activities in
HSC cultures, leading to the accumulation of ECMs.  In
keeping with the culture experiments, an in vivo liver
fibrosis model induced by porcine serum also showed
increased concentration of TGF-β in the liver as well as the
exacerbation of hepatic fibrosis by RA administration.
However, interestingly, RA-treatment alone (without
porcine serum) does not cause an increase in hepatic TGF-
β nor liver fibrosis.  Thus, RA does not directly cause liver
fibrosis by itself, but rather exacerbates the fibrosis induced
by the other stimulus such as porcine serum.  In other
words, HSCs may need to be activated by a stimulus and to
produce an increased amount of TGF-β before they become
sensitive to RA-treatment.

Because the effect of RA on TGF-β activation
had been examined by administering exogenous RA to the
animals (15), we further examined the effect of
endogenously produced RA.  It is well known that
retinylpalmitate contents, a storage form of retinoids,
decrease in HSCs with the development of fibrosis (5).
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Figure 2.  Schematic illustration of RA-induced promotion of liver fibrosis via TGF-β activation, and its therapeutic control by a
protease inhibitor, camostat mesilate.  RA up-regulates PA/plasmin levels in HSCs (1) and thereby elaborates the release (2) and
the activation (3) of latent TGF-β on the cell surface.  The active TGF-β generated then stimulates the activation (or
transformation) of HSCs (4), promotes TGF-β’s own synthesis (5) and enhances the production of ECM (6), resulting in a cycle
of TGF-β/ECM overexpression and an exacerbation of liver fibrosis.  Camostat mesilate inhibits this proteolytic activation of
TGF-β and thereby prevents liver fibrosis.  (From reference 15, with permission).

This implies the possibility that the loss of retinylpalmitate
in the fibrotic liver might be ascribed, in part, to the result
of conversion of retinylpalmitate to some other metabolites,
including RA.  In support of this hypothesis, we have
discovered an increase in 9,13-di-cis-RA generation, a
major isomer of RA, in rat fibrotic livers induced by
porcine serum (23) (Figure 3).  Because 9,13-di-cis-RA is a
major product arising from the in vivo isomerization of 9-
cis-RA (24,25) and has been suggested to be an indicator of
pre-existed 9-cis-RA (26), the elevation of hepatic 9,13-di-
cis-RA concentration may suggest that 9-cis-RA might be
generated during the development of fibrosis.  In addition,
we have found that 9,13-di-cis-RA itself can induce PA and
thereby activate latent TGF-β via a plasmin-dependent
manner, resulting in enhanced TGF-β biosynthesis (27).
This biological action of 9,13-di-cis-RA seems to be
mediated by a nuclear RA receptor, RARα.

However, a contradictory observation has also
been reported, showing that RA content as well as its
signaling was diminished in the fibrotic liver induced by
cholestasis (28).  The reason for this discrepancy still
remains to be elucidated; however, the difference in the
animal models (immunologic stimulus by porcine serum vs.

cholestatic stimulus by bile duct ligation) might influence
the retinoid absorption and metabolism in distinct manners,
resulting in the difference in the experimental outcome.
For instance, lack of bile in the intestine due to bile duct
ligation may interfere with the absorption of retinoids,
leading to rapid depletion of liver retinoids content,
including RA.

3.3. Possible mechanisms to explain the controversy
Based on our present and previous results, we

hypothesize the following two possibilities to explain the
controversy regarding the effects of retinoids on liver
fibrosis (8).  First, the overloading of retinylesters, storage
forms of retinoids that does not have biological activity by
themselves, to HSCs may cause the excess accumulation of
lipid droplets in the cytoplasm and would interfere with the
protein synthesis including ECMs.  On the contrary,
administration of RA that has transactivating activity would
directly modulate specific gene expression by the
interaction with RARs and stimulate ECM production.
Second, the apparent discrepancy between hepatic fibrosis
models might be ascribed to the presence and absence of
inflammation in the liver.  Because RA is known to
suppress the inflammation and accelerate scar formation in
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Figure 3.  Increases in 9,13-di-cis RA levels in the fibrotic
liver and activated HSCs in culture.  Panel A, Liver fibrosis
was induced in rats by continuous intraperitoneal injections
of porcine serum for 12 weeks.  The hepatic concentrations
of retinol (columns 1 and 2), all-trans RA (atRA; columns
3 and 4), 9-cis RA (9cRA; columns 5 and 6), 13-cis RA
(13cRA; columns 7 and 8), and 9,13-di-cis RA (9,13dcRA;
columns 9 and 10) were determined by high performance
liquid chromatography (HPLC).  Odd numbers: control rats
administered saline; even numbers: fibrotic rats
administered porcine serum.  Panel B, Retinoids were
extracted from primary rat HSCs cultured for either 1 day
or 7 days and were determined by HPLC.  HSCs remained
quiescent on day 1 and were spontaneously activated
(transformed) during 7-days culture.   Odd numbers: HSCs
cultured for 1 day; even numbers: HSCs cultured for 7
days.  For A and B, Each value represents the average ± SD
(n=6 for A and n=5 for B).  Asterisks represent significant
differences (p<0.05).  Note that 9,13-di-cis RA increased
significantly in both fibrotic liver and activated HSCs in
culture.  (From reference 23, with permission).

the wounded tissues, it may inhibit fibrosis indirectly via
modulation of hepatic inflammation.  These anti-
inflammatory and subsequent anti-fibrotic effects of RA
were seen in the CCl4-induced cirrhotic liver in rats, which
is accompanied with parenchymal necroinflammation (29).
In contrast, RA may also possess a potential to stimulate
hepatic fibrosis specifically when it acts directly on HSCs.
This effect may be observed in the pure fibrosis model such
as the one induced by porcine serum, in which hepatic
inflammation is absent (15,23).  In the latter condition, RA
seems to regulate transactivation directly in HSCs, and
induces PA/plasmin-dependent activation of TGF-β.

3.4. Protease inhibitor
Our studies demonstrate a fibrogenic aspect of

RA in the liver via enhancing proteolytic activation of
TGF-β.  These studies may provide a clue for a novel
therapy against liver fibrosis.  Because the induction of
TGF-β by RA in HSCs was initiated by the activation of

latent TGF-β on the cell surface, this TGF-β activation can
be a primary target for therapeutic strategies, and inhibitors
of PA/plasmin could be potent anti-fibrogenic agents.  In
fact, the plasmin/TGF-β activation cascade has been shown
to occur in human hepatic fibrosis (30).  Interestingly, in
previous studies, protease inhibitors and an inhibitor of cell
surface plasmin have been used as cytoprotective agents to
prevent hepatic necrosis (31).

This idea led us to examine which protease
inhibitors would be effective in suppressing TGF-β
generation, in cultured HSCs (32).  Most protease inhibitors
that we tested in cultured HSCs suppressed activation and
generation of TGF-β to some extent.  Similar results were
obtained with HSCs stimulated by either RA or basic
fibroblast growth factor (basic FGF), reagents that increase
endogenous plasmin levels in the cells.  Among the
compounds examined, we selected one chemical, camostat
mesilate (Figure 4), and examined its effect on the
phenotypic changes (or transformation) of HSCs.
Currently, camostat mesilate is used clinically for the
therapy of pancreatitis and reflux esophagitis, and its safety
is widely confirmed from clinical experiences (33,34).
When rat primary HSCs were cultured with camostat
mesilate, the compound suppressed cell surface plasmin
levels and thereby reduced the activation of TGF-β as well
as its auto-induction.  Moreover, the compound inhibited
morphological changes of HSCs (for example, loss of lipid
droplets from the cytoplasm), down-regulated the
expression of α-smooth muscle actin (αSMA), a marker of
activated HSCs, and inhibited cellular proliferation (35)
(Figure 5).  The compound was also highly effective in
suppressing collagen production.  Thus, camostat mesilate
inhibited not only the generation of active TGF-β but also
transformation of HSCs, resulting in a marked suppression
of ECM production.

3.5. Prevention of hepatic fibrosis
These results suggest that the protease inhibitor

may be useful also in vivo, suppressing the generation of
TGF-β in the liver and subsequent development of hepatic
fibrosis.  We next examined the effect of camostat mesilate
using an in vivo model of liver fibrosis induced by porcine
serum.  Oral administration with camostat mesilate
suppressed hepatic TGF-β mRNA expression and HSC
activation morphologically when examined by
immunohistochemistry of αSMA and by electron
microscopy.  Camostat mesilate appeared to prevent
porcine serum-induced fibrosis, as assessed by
hydroxyproline content and histologic observation, without
causing any obvious adverse effects at the same dose range
administered to humans (35).  Plasmin has been believed to
be anti-fibrogenic because it dissolves ECM directly or
indirectly via activating pro-metalloproteinases (36,37).
Expression of PA increases at the early stage of fibrosis;
however, the expression of PA inhibitor-1 (PAI-1) is
enhanced and overwhelms PA expression in the late phase,
leading to a decrease in net fibrinolytic potential (38,39).
We have reported that in a hepatic fibrosis model induced
by porcine serum, plasmin exerts a fibrogenic effect in the
early stage because it releases latent TGF-β from
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Figure 4.  Chemical structure of camostat mesilate (MW:
494.53 kD).  Camostat mesilate, a broad-spectrum protease
inhibitor, is widely used clinically for the treatment of
chronic pancreatitis and reflux esophagitis.  (From
reference 35, with permission).

Figure 5.  Inhibition by camostat mesilate of activation of
primary rat HSCs in culture.  Primary rat HSCs were
cultured for 7 days in the absence or presence of camostat
mesilate, plasminogen, recombinant TGF-β1, or their
combination.  Cell structure was observed under a phase-
contrast microscope.  Panel A, no reagent (control); panel
B, plasminogen-included; panel C, recombinant TGF-β1;
panel D, camostat mesilate; panel E, plasminogen +
camostat mesilate; and panel F, recombinant TGF-β1 +
camostat mesilate.  Scale bar, 25 µm.  Camostat mesilate
suppressed spontaneous activation of HSCs (compare
panels A and D), and also in plasminogen-stimulated
culture (compare panels B and E) as well as in recombinant
TGF-β1-treated cells (compare panels C and F).  Since
HSC activation is mainly stimulated by TGF-β, the results
suggest that camostat mesilate inhibits both plasmin-
mediated activation of TGF-β (panel E) and the function of
active TGF-β itself (panel F), and thereby suppressed HSC
activation.  (From reference 35, with permission).

surrounding matrices and converts it to the active form
(15,35).  Moreover, we have shown that hepatic plasmin
activity increases along with the development of hepatic
fibrosis.  Similarly to the in vitro data, camostat mesilate
suppressed the increases in hepatic plasmin levels and
TGF-β production, probably by inhibiting TGF-β
activation in HSCs (35).  Based upon these results, we
suggest that camostat mesilate may inhibit both proteolytic
release and activation of latent TGF-β in vivo, leading to a
reduction in the hepatic TGF-β content.  The result appears

to link to the maintenance of HSCs in a quiescent
phenotype, and to the prevention of hepatic fibrosis.

Since camostat mesilate is a broad-spectrum
protease inhibitor, the result might also suggest that this
protease inhibitor blocked the activity of not only plasmin
but other unknown proteases capable of generating TGF-β.
To examine this possibility, we enhanced hepatic plasmin
levels by in vivo transfection with the urokinase-type PA
(uPA) gene and examined if this treatment to enhance
hepatic plasmin levels neutralizes the anti-fibrotic effect of
camostat mesilate (35) (Figure 6).  In fact, up-regulation of
the plasmin levels abolished the suppressive effects of
camostat mesilate on TGF-β levels and on fibrosis.  We
therefore conclude that anti-fibrotic effect of camostat
mesilate is dependent upon its anti-plasmin activity.
However, these results do not exclude the possible use of
other protease inhibitors that suppress TGF-β activation by
inhibiting other proteases than plasmin.

It may be possible that camostat mesilate might
also suppress matrix degradation via a direct and/or indirect
inhibition of matrix degrading enzymes, such as matrix
metalloproteinase 2 (36,37), and therefore, the compound
might be ineffective in the treatment of established hepatic
fibrosis.  However, we have confirmed the therapeutic (or
fibrosis-reducing) effect of camostat mesilate by
administering the compound to rats after hepatic fibrosis
was established by porcine serum injection (35).  Thus, the
drug may have potential not only to prevent but also to
reduce hepatic fibrosis.

An advantage of camostat mesilate is that it can
be administered orally.  This advantage will be particularly
favorable for the long-term treatment of patients with
chronic liver diseases.  There have been several reported
methods to inhibit TGF-β activity in vivo, including
injections with anti-TGF-β antibody (40) and infusion with
adenoviral vectors expressing either a truncated TGF-β
receptor (41) or a soluble TGF-β receptor (42), both of
which trap active TGF-β and sequester it from the wild-
type cell surface receptors.  Although these methods hold
some promise, the chronic use of these latter agents may
not be focused in present technical challenges.

3.6. Perspective
It is of interest to test the synergistic effect of a

combination of camostat mesilate with other anti-fibrotic
agents.  In addition, as TGF-β is known to be involved in
fibrogenesis not only in the liver but also in other organs,
such as the lung, kidney and skin, we expect that camostat
mesilate might also be effective in fibrogenesis in these
organs.

In addition, another important function of TGF-β
is to suppress hepatic parenchymal regeneration (17) and
function (43).  Thus, the protease inhibitor might also be
useful for the therapy of impaired liver regeneration often
encountered after surgical resections of cirrhotic livers.  We
have extended our idea and have obtained preliminary
results, supporting such beneficial effects of the compound.



Retinoids in Liver Fibrosis and HCC

210

Figure 6.  Anti-fibrotic effect of camostat mesilate and its
neutralization by overexpressing urokinase type PA (uPA)
in the liver.  Hepatic fibrosis was induced in rats by
continuous intraperitoneal injections with porcine serum for
16 weeks.  Rats were also fed either a control diet or a diet
containing camostat mesilate.  In one half of the porcine
serum + camostat mesilate-treated animals, uPA was
lipofected in vivo starting from 8 weeks until the end of the
experiment.   Liver tissues were stained by Azan-Mallory
method.  Panel A, porcine serum-treated and vacant vector-
transfected rat; panel B, porcine serum-treated, camostat
mesilate-administered, and vacant vector-transfected rat;
panel C, porcine serum-treated, camostat mesilate-
administered, and uPA expressing vector-transfected rat.
Scale bar, 100 µm.  Camostat mesilate suppressed liver
fibrosis (compare panels A and B).  This inhibition of
hepatic fibrosis by camostat mesilate was abolished by
enhancing hepatic plasmin levels through inducing the uPA
gene in the liver (compare panels B and C), suggesting that
the anti-fibrotic effect of camostat mesilate is mediated by
the suppression of plasmin activity.  (From reference 35,
with permission).

The compound restored hepatic regenertion after partial
hepatectomy in rats, which had been suppressed by the
action of TGF-β secreted from HSCs by the stimulation of
lipopolysaccharide (LPS) (Akita K, et al., unpublished
observations).  In this system, latent TGF-β was probably
activated by protease(s) other than plasmin, since LPS
completely suppressed cell surface plasmin levels.  Such
protease(s) seems to include plasma kallikrein whose
activity is also inhibited by camostat mesilate.  Thus,
activation of latent TGF-β is a key event for the
pathogenesis of hepatic fibrosis as well as impaired liver
regeneration, and may be an important target for the
therapy of such pathologic states.  Because impaired liver
regeneration is crucial for the prognosis not only of
cirrhotic patients after partial hepatectomy but also of
patients with fulminant hepatic failure, development of
drugs to restore regeneration, including comostat mesilate,
may be of great importance to improve the clinical outcome
of a series of human disorders.

4. RETINOIDS AND LIVER CANCER

4.1. Chemoprevention of HCC
HCC has become one of the most frequent

cancers in the world.  Since HCC is closely related to
hepatitis viral infections and commonly arises in the liver
with chronic inflammation, HCC is more often seen in
areas with high hepatitis viral infections including East
Asia (44).  In addition, the incidence of HCC has been
rising recently in countries including the United States

(45,46) and Western Europe (47,48), where the number of
people with hepatitis viral infections has also been
increasing.  The annual incidence of HCC reaches
approximately 3% in type B (HBV)- and 7% in type C
(HCV)- hepatitis virus-infected cirrhotic patients in Japan
(49,50).  Moreover, the annual incidence rises to
approximately 20-25% in cirrhotic patients who underwent
potentially curative treatment of the primary HCC (i.e.,
surgical resection, percutaneous ethanol injection therapy
and ablation therapy) (51-53).  In fact, the recurrence rate
after 5 years of potentially curative treatment reaches as
high as 70% or more (54).  Importantly, at least one third of
the posttherapeutic recurrence is the de novo cancer due to
multicentric carginogenesis, but not intrahepatic recurrence
or metastasis from the original lesion (55).  Thus, despite
extensive clinical advances in the therapy of HCC, this high
incidence of posttherapeutic recurrence is a major cause of
a limited 5-year survival rate (approximately 40%) after the
curative treatment (56).  Therefore, future advances in
medical technologies in both the early detection and
therapy of HCC may not largely serve to further improve
the therapeutic outcome of HCC, rather a new strategy to
prevent posttherapeutic recurrence of HCC may be required
for this purpose.

So far, clinical experience has demonstrated
some strategies to suppress the development of HCC,
including HBV vaccination (57), interferon (IFN)-α and -
β (58-61), a Japanese herbal medicine, TJ-9 (62),
glycyrrhizin (63) and our retinoid analog, acyclic retinoid
(64,65) (for review, see reference 66).  Eradication of HBV
by vaccination reduced the incidence of HCC in children in
Taiwan (57).  However, vaccination against HCV, which is
now more common than HBV, is not available, so other
preventive methods are required for HCV-infected patients.
IFN-α and -β are the only drugs for the eradication of HCV
and is widely used in HCV-infected patients with chronic
liver diseases (67).  IFN induces a continuous clearance of
HCV-RNA in 15-35% of treated patients (68), and
suppresses hepatic necroinflammation in some cases even
when it fails to eradicate HCV, resulting in the delay in
progression toward cirrhosis.  In either case with or without
successful HCV eradication, IFN is thought to reduce the
incidence of HCC (58-61), although not all studies are
positive in this regard.  Glycyrrhizin also suppresses serum
aminotransferases and thereby prevents tumor
development, although it does not have antiviral activity
against either HBV or HCV (63).  Thus, suppression of
hepatic necroinflammation by these drugs may serve to
prevent hepatocarcinogenesis.  IFN and glycyrrhizin may
belong to a category of immunopreventive agents,
functioning as biological response modifiers. On the other
hand, acyclic retinoid is a member of chemopreventive
agents, since the retinoid seems to act directly on
(pre)malignant cells without modulating hepatic
necroinflammation as will be discussed in the later section.
IFN and glycyrrhizin have been shown to successfully
prevent the occurrence of primary HCC in cirrhotic
patients, and acyclic retinoid has been shown to suppress
the posttherapeutic recurrence after curative treatment of
previous tumors.  In addition, more specialized methods to
prevent the recurrence of HCC have been reported recently;
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Figure 7.  Retinoid-refractoriness in HCC cells.  RXRα, a
retinoid nuclear receptor, is post-translationally modified
by phosphorylation in the cancer cells leading to a loss of
its transactivating activity.  This phosphorylation is
mediated by MAP kinases.  The failure in inducing its
down-stream genes that regulate cellular proliferation,
apoptosis and differentiation may lead the cells to
uncontrolled growth.  X: interruption.  (From reference 75,
with permission).

intra-arterial injection with radiolabeled lipiodol that
accumulates in invisible tumor tissues for weeks (69),
andadoptive immunotherapy (70).  However, these two
therapies may have limitations for wide clinical
applications because of their technical complexity.

Here, we focus upon acyclic retionid, and discuss
its clinical benefits and molecular mechanisms.

4.2. Retinoid refractoriness
We have shown a depletion of retinoid in tumor

tissues in both experimental and clinical HCC (71).
Absence of HSCs, retinoid-storing cells in the liver, is a
major cause of such retinoid-depletion in the tumors.
Moreover, a rapid metabolism of retinoid into an inactive
metabolite may well participate in such depletion (71).  We
have shown a rapid conversion of retinol to anhydroretinol,
an inactive retinol metabolite that can not be metabolized to
RA, an active ligand of retinoid nuclear receptors.  Since
there have been several reports showing chemopreventive
effects of retinoids on liver cancer in experimental studies
(72), it seems conceivable that retinoid deficiency may
promote tumorigenesis of the liver.  In a clinical study, we
have suggested that the enhanced loss of retinoid in the
liver of cirrhotics with viral infection plus alcohol abuse
may be linked to the accelerated incidence of HCC (73).
Thus, retinoid-depletion might well be involved in
hepatocarcinogenesis.

In addition to retinoid-depletion, we have also
shown a malfunction of retinoid nuclear receptor in HCC
cells.  Retinoids exert their biological functions through
two distinct nuclear receptors, RAR and RXR (3).  It is
suggested that both RAR and RXR are involved in
hepatocarcinogenesis.  For example, RXRα is reported to
bind to the enhancer element of hepatitis B virus and
modulate viral replication (74).  Among these receptors,
RXRα is most abundant in the liver and highly expressed
in HCC cells.  Very recently, we have found that full-length
RXRα protein is phosphorylated and accumulated in both

surgically resected HCC tissues and HCC cell lines (75).
In contrast, RXRα is unphosphorylated and is rapidly
broken into smaller peptides in normal liver and normal
hepatocyte cultures.  Phosphorylation of RXRα takes place
both at serine 260 and threonine 82 residues, consensus
sites of mitogen-activated protein kinase (MAP kinase) that
plays a significant role in such phosphorylation.
Phosphorylated RXRα loses its transactivating activity,
which seems to correlate with enhanced proliferation of
HCC cells.  In support of this growth-promoting effect,
transfection with phosphomimic mutant RXRα (mutation
with serine 259 and 260 to aspartate) enhances cellular
proliferation even in normal hepatocyte cultures.  Although
we have not fully identified the down-stream gene(s) of
RXRα that regulate cellular proliferation yet, these
observations may suggest that malfunction of
phosphorylated RXRα is linked to the aberrant growth of
HCC (Figure 7).  Moreover, phosphorylated RXRα is
sequestered from proteolytic degradation via
ubiquitin/proteasome-mediated pathway, resulting in an
accumulation of non-functioning phosphorylated RXRα in
the tumors (Adachi S. et al., in submission).  Therefore,
phosphorylated RXRα might act as a dominant-negative
receptor that interferes with transactivating function of
unphosphorylated normal receptor.  Similarly, a dominant
negative RA receptor has been reported in acute
promyelocytic leukemia (APL) (76).  In APL, a
characteristic chromosome t(15:17) translocation results in
a fusion between the RARα gene and a region referred to
PML.  This chimera protein, PML-RAR renders
promyelocytes refractory to RA, functioning as a dominant
negative receptor, and thereby sequesters the cells from
normal differentiation.  Our observations also suggest that
in HCC tissues and cells not only retinoid-depletion but
also malfunction of phosphorylated retinoid nuclear
receptor may be involved in the development of the cancer.

4.3. Acyclic retinoid
Acyclic retinoid (all trans-3,7,11,15-tetramethyl-

2,4,6,10,14-hexadecapentanoic acid), or NIK 333 (Nikken
Pharmaceutical Co., Tokyo, Japan) (Figure 1), inhibits
experimental liver carcinogenesis (71,72) and induces the
apoptosis of human hepatoma-derived cell lines (77).  In
spontaneous tumor-bearing C3H/HeNCrj mice, liver
tumors develop genetically in more than 90% of animals
after 60 weeks.  Acyclic retinoid suppressed significantly
the development of liver tumors when given orally (71).  In
an experimental rat model treated with 3’-methyl-4-
dimethylaminoazobenzene (3’MeDAB), oral administration
of acyclic retinoid also suppressed the appearance of oval
cells, progenitor cells of HCC as well as cholangiocelluler
carcinoma (CCC), in the early stage of carcinogenesis, and
the subsequent development of both HCC and CCC in the
late stage (Tanaka T, and Sano T, et al., unpublished
observations).  In addition, acyclic retinoid suppresses
dimethylnitrosamine (DEN)-induced HCC in rats, when
administered in the promotion phase (Tanaka T, and Sano
T, et al., unpublished observations).  Thus, this retinoid
seems to exert preventive effects on hepatocarcinogenesis
in both early and late phases.  There was no serious adverse
effect in either model except mild hypertriglyceridemia.
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Figure 8.  Prevention by acyclic retinoid of posttherapeutic recurrence of HCC in a double-blind clinical study.  After potentially
complete removal of preceding HCC, cirrhotic patients were given acyclic retinoid or placebo orally for 12 months and were
examined by diagnostic imaging (ultrasonography and computed tomography) in every three months.  Kaplan-Meier estimates of
the propotion of patients without second HCC (panel A) and with survival (panel B).  Acyclic retinoid not only prevented
posttherapeutic recurrence of HCC but also improved the survival.  The estimated 6-year survival was 74% in the retinoid group
and 46% in the placebo group.  (From references 64 and 65, with permission).

After confirming such beneficial actions and the
absence of adverse effects in experimental animals, we
extended the study, examining the chemopreventive effect of
acyclic retinoid on HCC in a double-blind and placebo-
controlled clinical study (64,65).  We selected patients with
HCC who underwent potentially curative treatments (i.e.,
surgical resection and percutaneous ethanol injection therapy)
and did not exhibit any abnormalities that suggest tumor
recurrence for a 3-months interval after the initial therapy.
Oral administration of acyclic retinoid (600 mg daily) for only
12 months significantly reduced the incidence of
posttherapeutic recurrence as compared to the placebo group
(adjusted relative risk, 0.31; mean follow-up period, 38
months) (64) (Figure 8A).  Moreover, the survival rate was
also significantly improved by the compound after a median
observation period of 62 months in the follow-up study
(adjusted relative risk, 0.3) (Figure 8B) (65).  Such long-term
effects of acyclic retinoid seems surprising because patients
were given the retinoid for only 12 months and did not receive
any other additional therapy thereafter.

In that clinical trial, serum lectin-reactive α-
fetoprotein (AFP-L3), which indicates the presence of
transformed hepatic cells in the remnant liver, disappeared
in the acyclic retinoid group after a 12-months
administration (78) (Figure 9).  Because clinical experience
suggests that serum AFP-L3 predicts the development of
HCC several months before its detection by diagnostic
imaging, AFP-L3 is believed to indicate the presence of
unrecognizable cancer cell in the liver (79). Our
observation suggests that AFP-L3-producing clones were
eliminated by acyclic retinoid from the remnant liver.  In
contrast, spontaneous reduction in serum AFP-L3 levels
was not observed in the placebo group.  Thus, we suggest
that acyclic retinoid removed premalignant or latent
malignant clones that produce AFP-L3 from the remnant
liver.  Moreover, acyclic retinoid suppressed the
appearance of serum AFP-L3 in patients whose AFP-L3
levels were below the detection range at the entry of the
clinical trial, whereas the number of patients whose serum
AFP-L3 appeared de novo was significantly increased in
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Figure 9.  Deletion of AFP-L3-producing cell clones from the liver by acyclic retinoid.  Serum AFP-L3 levels were monitored in
the patients shown in Figure 8 both at the entry and after 12 months of the drug administration.  Serum AFP-L3 levels remained
under the detection limit in 16 patients with retinoid-administration (*) and in 9 patients with placebo (**).  Serum AFP-L3
disappeared after acyclic retinoid-administration in patients who had detectable serum levels at entry, and acyclic retinoid also
suppressed the appearance of AFP-L3 in patients whose levels were under detection limit at the entry, suggesting “clonal
deletion” and “clonal inhibition” of AFP-L3-producing transformed cells from the remnant liver.  (From reference 78, with
permission).

the placebo group.  From these results, we have proposed
the new concepts of cancer chemoprevention, “clonal
deletion” and “clonal inhibition”, for the respective cases
(80).  These new concepts may explain the reason why only
a short-term administration (12 months) of acyclic retinoid
has exerted a long-term suppressive effect on the
development of HCC for several years even after
terminating the administration.  Once (pre)malignant clones
are deleted, it would take at least several years for the
development of de novo cancer in the cirrhotic liver.

4.4. Clonal deletion
“Clonal deletion” therapy suggests a removal of

latent malignant (or premalignant) cells that are invisible by
diagnostic images from the liver (Figure 10).  Because of a
high incidence of HCC in cirrhotic patients, it may well be
likely that some latent malignant (or premalignant) cells
exist in the cirrhotic liver under the detection limit of
imaging modalities.  Acyclic retinoid might remove such
clones from the liver and thereby reduce the incidence of a
second HCC.  Because the removal of such (pre)malignant
clones could be recognized as a therapy and more than
disease prevention, these ideas may allow us to place
chemoprevention in the same category as chemotherapy
(81).

In general, two possible mechanisms are widely
accepted for such removal of transformed cells: cell death
(or apoptosis) and differentiation induction.  These two
mechanisms may work independently in some cases, but
work concurrently in other systems.  One of the typical

examples is the RA therapy against APL (82).  RA
administered exogenously restores the function of the
chimera receptor, PML-RAR, and induces the
differentiation of APL cells into granulocytes.  Once
differentiated, granulocytes restore their normal function
and terminate their lives by apoptosis.  This phenomenon is
termed “terminal differentiation”.  Similar mechanisms are
hypothesized in the chemoprevention of several cancers.
We have shown the induction of both apoptosis (77) and
differentiation (83) by acyclic retinoid in HCC cells.  So
far, only limited information is available regarding
differentiation-induction in HCC cells.  We have reported
the up-regulation of albumin with the down-regulation of
AFP expressions with acyclic retinoid administration (83).
However, these observations might not be enough to draw
conclusions.  Further investigation is required to show the
phenotypic changes of HCC cells, including morphological
changes or sequential genetic alterations that are typical for
mature hepatocytes.  In contrast, induction of apoptosis in
HCC cells by acyclic retinoid has been shown more clearly
further elucidated.  Kojima et al. have proposed an
involvement of tissue transglutaminase in the RA-induced
apoptosis in APL cells (Kojima S, unpublished
observation).  There have been several reports showing an
induction of tissue transglutaminase in RA-induced
apoptotic cells (84).  However, the function of tissue
transglutaminase in apoptosis has not been fully
demonstrated yet.  We have found that acyclic retinoid-
induced apoptosis in HCC cell lines is also dependent not
only on caspases but also on tissue transglutaminase (Sano
T and Kojima S, unpublished observations).  Acyclic
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Figure 10.  The concept of “clonal deletion” therapy.  A
high incidence of HCC in cirrhotic patients strongly
suggests the presence of minute or latent malignant cells in
the liver that are invisible by diagnostic imaging.  It is
suggested that there may be multiple (pre)malignant clones
in the cirrhotic liver due to multicentric carcinogenesis
(indicated by dotted and shaded circles).  Therefore,
eradication of such transformed clones (‘clonal deletion’)
may be recognized as the therapy instead of prevention.
Our clinical experience suggests a deletion of AFP-L3-
producing transformed clones from the liver by acyclic
retinoid therapy.  Once such clones are deleted, the
preventive effect on HCC (indicated by a larger closed
circle in HCC liver) would last at least for several years
without continuous administration of the retinoid.  IFN
suppresses the development of cirrhosis by eradicating
HCV or by reducing hepatic necroinflammation even when
IFN fails to eradicate the virus.  Glycyrrhizin also
suppresses hepatic necroinflammation although the drug
does not have anti-viral activity.  IFN and glycyrrhizin
prevent the development of HCC by acting as biological
response modifiers.  Acyclic retinoid belongs to
chemopreventive agents while IFN and glycyrrhizin belong
to immunopreventive ones.  Since their mechanisms of
cancer prevention are different, a synergistic effect might
be expected by the combined use of IFN and acyclic
retinoid in future clinical use.  (From reference 66, with
permission).

retinoid activates both caspases and tissue transglutaminase
simultaneously.  However, in a certain condition, this
acyclic retinoid-induced apoptosis is not inhibited by
caspase inhibitors, but is specifically suppressed by
antisense oligo DNA specific to tissue transglutaminase.
and its underlying molecular mechanism(s) has been The
HCC cells treated with acyclic retinoid showed typical
features of apoptotic changes including both chromatin
condensation when examined by electron microscopy as
well as DNA ladder formation.  We therefore speculate that
both tissue transglutaminase and caspase work
simultaneously.

4.5. Perspective
“Clonal deletion” therapy has already been

theoretically proposed as a mechanism of cancer
chemoprevention (85-87), and is strongly supported by our
clinical experience of HCC (78,80).  The benefit of clinical
application of this new concept may place
chemoprevention in the same category as chemotherapy,
which would make cancer prevention more easily

acceptable in the clinical field.  In addition to the
prevention of posttherapeutic recurrence, attention should
be paid to the prevention of primary HCC in cirrhotic
patients.  As discussed above, it is widely recognized that
there may be minute or latent malignant cells in the
cirrhotic livers of such patients.  Therefore, even when the
tumors can not be detected by diagnostic imaging, there
seems to be good reason to treat such patients with “clonal
deletion” therapy.

Since the preventive mechanisms are distinct
between immunoprevention by IFN and glycyrrhizin and
chemoprevention by acyclic retinoid, their combination
could have synergistic effects.  In fact, very recently, we
have shown a synergistic effect of IFN and acyclic retinoid
on the growth suppression of several human HCC-derived
cell lines (Obora A. et al., unpublished observations).  This
effect seems to be mediated in part by the up-regulation of
type I IFN receptor and STAT-1, a signal transducing
molecule, in the cancer cells by the retinoid.  Moreover,
some novel genes associated with the anti-proliferative
effect of a combination of IFN and RA have recently been
identified (88).

5. CONCLUSION

Removal of the causes of liver disease is
undoubtedly the most fundamental therapy.  However,
unfortunately, failure in eradicating hepatitis viruses is
often encountered in clinical experiences.  Thus, alternative
ways to inhibit disease progression towards cirrhosis is
required.  In this sense, prevention of hepatic fibrosis is an
important strategy that serves to restore liver function.  In
addition, hepatic fibrosis itself is reported to be a risk factor
for HCC; i.e., HCC is more likely to develop in the liver
with severe fibrosis (61).  Thus, the reduction in fibrosis
may also serve to reduce the risk of HCC.  For such a
purpose, a number of approaches have been attempted,
including our protease inhibitor (35).

Moreover, the prognosis of cirrhotic patients
associated with hepatitis viral infection is greatly
influenced by the development of HCC.  Therefore, every
attempt should be performed to prevent HCC in such a
high-risk group.  Again, it should be emphasized that both
IFN and acyclic retinoid not only have successfully
prevented HCC, but also have improved the survival rate
(65).  It thus appears reasonable to recognize IFN and
acyclic retinoid as therapeutic drugs rather than preventive
ones, and they should be used to eliminate latent
(pre)malignant clones from the diseased liver with chronic
inflammation.  Acyclic retinoid is now being employed in a
clinical trial at National Cancer Center in Tokyo, Japan,
and hopefully will be accepted as the first chemopreventive
drug for HCC.
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