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Abstract: Hepatocellular carcinoma (HCC) is a major health issue in many countries. The prognosis of
HCC is still poor due to its high recurrence rate and its resistance to chemotherapy. Retinoids have long
been known to have a connection with liver diseases, including HCC. Many experimental and clinical
investigations have demonstrated associations between retinoids and hepatic disease, including the loss of
retinoid activity in HCC cell lines and decreased hepatic retinoid stores and altered retinoid signaling in
patients with cirrhosis and HCC. Based on these findings, preclinical and clinical investigations of retinoid
effects on HCC have been undertaken. Recently, clinical trial results for the use of a synthetic retinoid,
acyclic retinoid (ACR), to prevent HCC recurrence were published. In addition, extensive experimental
studies on the action of retinoids in liver disease, including chronic viral hepatitis and non-alcoholic fatty
liver disease (NAFLD), which lead to HCC have been performed. In the first section of this review, we will
summarize the effectiveness and roles of retinoid for treating liver disease and blocking HCC. Subsequently,
we will focus on ACR actions in blocking HCC.
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Retinoid roles in liver disease leading to
hepatocellular carcinoma (HCC)

Chronic liver damage leads progressively to liver fibrosis,
liver cirrhosis, and HCC, regardless of etiology, whether due
to chronic hepatitis B and/or C virus (HBV and/or HCV)
infection, excessive and chronic alcohol consumption, iron
overload, dietary exposure to aflatoxin B1, or non-alcoholic
fatty liver disease/non-alcoholic steatohepatitis (NAFLD/
NASH) (1-3). Consequently, the best strategy for blocking
HCC development is to treat early and to prevent further
exacerbation of chronic hepatitis by appropriate treatments
for the underlying cause of hepatic disease; for instance,
using anti-viral therapy, including interferon (IFN),
reverse-transcriptase inhibitors, and direct-acting antiviral
agents, for chronic HBV/HCV infection or possibly using
anti-diabetic medications for NAFLD/NASH.

The evidence pointing to a role for retinoids in
preventing liver disease development comes from cell
culture studies, animal model studies and human studies.
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This information will be reviewed briefly below. Some of
the most compelling data regarding retinoids and liver
disease has been obtained from the study of induced mutant
mice. Table I provides a listing of studies in mutant mice
that establish linkages between retinoid metabolism and
actions and liver disease.

It has been well established that transcriptional activity
of the retinoic acid isomers, all-trans-retinoic acid (ATRA)
and 9-cis-retinoic acid (9cRA) regulates expression of a
number of genes associated with fat metabolism (7,8). The
transcriptional regulatory actions of ATRA and 9cRA are
mediated by nuclear hormone receptors, including three
distinct retinoic acid receptors (RARa, -, and -y) and three
distinct retinoid X receptors (RXRa, —B, and -y). Transgenic
mice, which express an RARa-dominant negative form in
hepatocytes, exhibit rapid spontaneous development of
steatohepatitis (4). Expression of the RARa-dominant-
negative form was proposed to suppress the activities of
endogenous RAR/RXR heterodimers (9), resulting in the
down-regulation of hepatic mitochondrial B-oxidation
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Table 1 Studies in mutant mice that establish linkages between retinoid metabolism and actions and liver disease
Target Abbreviation Major function Genetic modification Liver diseases and/ Reference

or related status

Retinoic acid RARa Receptor for retinoid Transgene expressing a RARa- Spontaneous fatty  Yanagitani
receptor-alpha dominant negative form in hepatocytes  liver and HCC etal. (4)
B-carotene-15'15'- BCO1 Cleaving carotenoids to Knock out Spontaneous fatty  Hessel
monooxygenase retinoids liver et al. (5)
Retinol-binding RBP4 Delivering retinol in Transgene overexpressing human RBP4  Insulin resistance Yang
protein 4 circulation Knock out Enhanced insulin et al. (6)

sensitivity

and an up-regulation of peroxisomal B-oxidation. The authors
also observed spontaneous development of liver tumors,
including HCC, in the mice after reaching 12 months of age.
Interestingly, by feeding high levels of retinoic acid to the mice,
histologically identifiable disorders in the liver, such as steatosis,
were ameliorated and the incidence of liver tumors decreased.

A variety of other published studies establish
relationships between retinoids and liver disease. Studies
of mutant mice lacking B-carotene-15'15'-monooxygenase
(BCO1) (5), the sole mammalian enzyme responsible
for cleaving provitamin A carotenoids to retinoids, have
demonstrated that these mutant mice develop a fatty liver
and are more susceptible than control mice to high fat
diet-induced impairments in fatty acid metabolism. This
suggests that BCO1 has a role in modulating hepatic
fat metabolism. Oxidative stress induced by chronic
inflammation plays a key role in the development of chronic
liver disease and HCC (10). The loss of hepatic retinoid
signaling has been associated with more rapid progression
of liver disease development arising from reactive oxygen
species (11). Ashla et al. (12) performed hepatic gene
expression profiles of genes involved in retinoid metabolism
in NAFLD patients to investigate mechanisms underlying
NAFLD/NASH development. This analysis indicated that
a hyperdynamic state of retinoid metabolism occurs in the
livers of NAFLD patients. When taken together, these
published findings indicate that retinoids have important
roles in mediating normal lipid metabolism in the liver
and that altered retinoid signaling is associated with the
progression of NAFLD/NASH.

With reference to NAFLD/NASH as hepatic manifestations
of metabolic syndrome, diabetes mellitus and dyslipidemia
must also be regarded as a risk factors leading to HCC
development (13). RXRs form heterodimers with other
nuclear hormone receptors such as peroxisomal proliferator-
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activated receptors (PPARs) and liver X receptors
(LXRs) (14). PPARY/RXR is known to be a target of
thiazolidinediones (TZDs) (15), agents used clinically
for treating diabetes and improving insulin resistance,
and LXR/RXR is involved in regulating glucose and
lipid metabolism (16). These heterodimers involving
RXR are able to be activated by RXR agonists alone
and this is referred to as a permissive mechanism (17).
Although RXR agonists were considered to be effective
and useful for treating metabolic syndrome, the existing
RXR agonists also have adverse effects in patients resulting
in toxicities (18,19). Therefore, RXR partial agonists
developed by systematic chemical conversions of full
agonists have been synthesized and validated for clinical
usage. There are expected to show sufficient efficacy against
diabetes and hyperlipidemia without severe side effects (20).
A study focusing on insulin resistance, which is fundamental
to diabetes mellitus development, established that oral
administration of ATRA significantly improved insulin
sensitivity in a diet-induced mouse model of NAFLD in
the setting of simultaneous genetically-induced insulin
resistance (21). Since the effect of ATRA for ameliorating
insulin resistance was not observed in mutant mice lacking
leptin and ATRA markedly elevated leptin receptor
expression in the livers of NAFLD mice, these data
establish that retinoids may improve insulin sensitivity in a
leptin-dependent manner.

Recent studies have also reported the important role of
retinol-binding protein 4 (RBP4) in NAFLD and insulin
resistance. RBP4, initially known as a transport protein for
the delivery of retinol through the circulation, has been
identified as a novel adipokine that is proposed to link obesity,
insulin resistance and impaired glucose tolerance (3,22,23).
Insulin resistance is observed in transgenic overexpressing
human RBP4, as well as upon injection of recombinant
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RBP4 into the circulations of normal mice (6), while RBP4
knockout mice show improved insulin sensitivity compared
to normal mice (24). In obese and diabetic individuals,
serum levels of RBP4 are reported to be elevated over those
of healthy individuals (22). Even in non-diabetic individuals,
RBP4 is increased in NAFLD patients (23). Therefore, it is
thought that RBP4 may play a significant role in NAFLD.
Xia et al. (25) have reported a novel mechanism by which
RBP4 exerts its effects on lipid metabolism in the liver;
treatment with human retinol bound RBP4 up-regulated
the levels of sterol regulatory element-binding protein
1 (SREBP-1), followed by enhancing the expression of
lipogenic genes, including fatty acid synthase (FAS) and
acetyl coenzyme A carboxylase-1 (ACC-1), leading to
increased intracellular triglyceride synthesis in HepG2 cells.

Chronic HCV infection is a major cause of liver cirrhosis
and HCC. Although newly-developed direct-acting antiviral
agents are becoming available, IFN still remains the most
important agent used clinically against HCV infection.
Retinoids have been reported to enhance the anti-cancer
effect of IFN in several tumor cell lines (26,27). In an in
vitro study employing ATRA and 9cRA treatments of cells
in culture, expression levels of the IFN receptor in the cell
lines were found to be elevated upon treatment with either
ATRA or 9cRA (28). Based on these cell culture results, a
cohort study was undertaken to study the combined effects
of ATRA and IFN treatment in HCV patients. This study
demonstrated a strong additive combinational effect of
ATRA and IFN for therapy against HCV infection (29).
Pointing to the same conclusion, Bitetto ez a/. (30) recently
reported that a high percentage of patients suffering from
chronic HCV infection showed lower serum vitamin
A levels that were classified as being deficient, and that
the deficiency was associated with less responsiveness to
IFN-based anti-viral therapy.

Acyclic retinoid (ACR) for blocking HCC:
experimental studies

ACR is a synthetic retinoid that is an agonist for both
RARs and RXRs (31). It has been shown in experimental
studies that this retinoid has several beneficial effects on
blocking HCC development. Muto and Moriwaki reported
that ACR suppresses chemically-induced liver tumors
and spontaneous HCC development in rodents (32).
Through in vitro analysis, these investigators found that
ACR induces apoptosis and inhibits cellular proliferation
in human hepatoma cell lines. This effect on hepatoma
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cells was shown to be mediated through induction of
cellular differentiation and apoptosis; ACR arrests cell
cycle in the GO-G1 phase, increases levels of p21 protein,
which then negatively regulates cell cycle progression, and
decreases levels of the cyclin D1 (33). These investigators
also established that ACR suppresses Ras/MAP kinase
signal transduction and restores the functionality of
RXRa by reducing levels of phosphorylated RXRa, which
accumulates in the nucleus (34) and promotes HCC growth
due to interfering with normal RXRa functions (35).

Other studies, involving cell lines and animals, have
demonstrated that ACR suppresses HCC development
and modulates cancer cell growth by inhibiting the
activation of receptor tyrosine kinases (RTKs), which
play an important role in stimulating of the Ras/MAP
kinase signaling pathway (22,36-38). Thus, ACR causes
direct inhibition of the Ras/Erk signaling system (35)
as well as dephosphorylation of Erk and RXRa proteins
due to its inactivating effects on RTKs. Moreover, it has
been reported that ACR controls HCC development
by suppressing transforming growth factor a (TGFa)
expression (39), by modulating both fibroblast growth
factor signaling (37) and platelet-derived growth factor
signaling (40). Recently, Qin et a/. (41) reported findings
from metabolome analyses involving nuclear magnetic
resonance (NMR)-based and capillary electrophoresis
time-of-flight mass spectrometry (CE-TOFMS)-based
investigations in ACR-treated human JHH7 HCC cells
and normal human hepatic cells (Hc). In this comparison
of the metabolic effects of ACR on JHH7 and Hc cells,
the authors focused on adenosine-5'-triphosphate (ATP),
among a number of metabolites down-regulated upon
ACR treatment, and showed an HCC-selective inhibitory
effect of ACR on ATP accumulation specifically in JHH7
HCC cells. This effect was associated with ACR-enhanced
expression of pyruvate dehydrogenase kinases 4 (PDK4), a
key regulator of ATP production. The findings of this study
suggest that mitochondrial oxidative phosphorylation may
be critical in the energy metabolism of HCC cells. Possible
molecular mechanisms through which ACR acts in the
prevention of HCC, especially highlighting findings from
our research group, are summarized in Figure 1 [modified
from reference (42)].

Acyclic retinoid (ACR) for blocking HCC: clinical
studies

In a placebo-controlled clinical study, the preventive effects
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Figure 1 Retinoid refractoriness due to phosphorylation of retinoid X receptor a and its restoration by acyclic retinoid in hepatocellular
carcinoma (HCC) cells [modified from reference (42)]. When acyclic retinoid (ACR) binds to and activates retinoid X receptor (RXR) a in
normal hepatocytes, the receptor forms homodimers and/or heterodimers with other nuclear receptors, including retinoic acid receptors
(RARs). This results in expression of target genes, which regulate normal cell proliferation and differentiation and modulate the induction
of apoptosis and cell cycle progression, by binding to the specific response elements. Thereafter, RXRa dissociates from the dimer and is
degraded by the proteasome via ubiquitination (Ub) (A). In HCC cells, several types of receptor tyrosine kinases (RTKs), such as epidermal
growth factor receptor superfamily, and their downstream Ras/mitogen-activated protein kinase (MAPK) pathway are highly activated,
which results in the phosphorylation of ERK and RXRa and subsequent suppression of dimer formation and transactivation functions
of RXRa (refractoriness to retinoid). Phosphorylated-RXRa (pi-RXRa) escapes from ubiquitination and proteasomal degradation and
accumulates in liver cells (B). Subsequently, pi-RXRa interferes with the physiological actions of the remaining unphosphorylated RXRa,
presumably in a dominant-negative manner, contributing to liver carcinogenesis (C). ACR inhibits phosphorylation of RXRa, restores the
function of the receptor, and activates transcriptional activity of the responsive element (D). This is accomplished by inhibiting the Ras/
MAPK signaling pathway and the ligand-dependent RTK activities, which contribute to prevention of liver carcinogenesis and suppression
of growth in HCC cells (E).

of ACR on second primary HCC were investigated in
patients who were free of HCC after surgical resection or
percutaneous treatment of the primary liver tumor (43).
This study demonstrated that oral administration of ACR
for 12 months significantly reduced the incidence of post-
therapeutic HCC recurrence. In addition, ACR treatment
improved significantly the survival rate of patients (44). Based
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on these findings, a large-scale randomized double-blind
placebo-controlled clinical trial was conducted to confirm the
efficacy of ACR against HCC (45). A total of 401 patients,
who had curative therapy for HCV-related HCC, were
randomized to treatment with oral administration of
ACR (600 or 300 mg/day) or placebo for 96 weeks. Upon
completion of the study, a total of 377 patients had been
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followed for the complete study period. The comparison
of recurrence-free survival rates between ACR (600 and
300 mg/day) and placebo groups did not show significant
difference (P=0.434). The hazard ratios for recurrence-free
survival for patients treated with ACR at a dose of 600 mg/day
versus placebo group were 0.73 (95% CI, 0.51-1.03) for the
overall study period, and 0.27 (95% CI, 0.07-0.96) 2 years
after randomization.

Although effectiveness of ACR treatment compared to
placebo was not demonstrated in this trial, it was shown that
the Child-Pugh liver function classification of the patients
affected the observed efficacy of ACR. Upon subgroup analysis,
treatment with 600 mg ACR/day had a significant effect in
Child-Pugh class A patients, who had less severe liver cirrhosis
(hazard ratio, 0.60; 95% CI, 0.41-0.89). In addition, among
patients in Child-Pugh class A the overall survival of the
600 mg ACR/day group was significantly longer than that of the
placebo group (hazard ratio, 0.575; 95% CI, 0.341-0.967) (46).
Since the proportion of Child-Pugh A was approximately
80 % in the study participants, another clinical trial now
being conducted, focusing on patients with Child-Pugh
A disease classification in order to confirm and validate the
efficacy of ACR for preventing HCV-related HCC.

Since it is not fully understood how and why ACR
shows inhibitory effects on HCC recurrence in humans
possible mechanisms for ACR actions have been explored
by performing gene expression profiling of liver biopsy
samples obtained from patients who had undergone 8-week
ACR (600 mg/day) treatment after curative therapy for
HCV-related HCC (47). Treatment with ACR elevated
expression levels of many retinoid target genes, and
decreased primarily tumor progression-related genes.
Importantly, HCC recurrence within 2 years could be
predicted by this profiling analysis. Of the retinoid-related
genes up-regulated by ACR, CCAAT/enhancer-binding
protein-a (C/EBP-a) and insulin-like growth factor-binding
protein 6 (IGFBP6) have been reported to inhibit cell growth
in a hepatoma cell line (48). In addition, the synthetic retinoid
bexarotene was found to induce expression of IGFBP6. This
synthetic retinoid was reported to suppress cancer cell growth
through a process mediated transcriptionally by RAR-B
and involving RAR/RXR heterodimer formation (49).
Interestingly, in these profiling analyses, C/EBP-a displayed
a marked elevation in expression level before and during
ACR treatment and this prominent difference in expression
levels was able to distinguish between recurrence and
non-recurrence groups.

In phase I clinical trial of ACR (50), relatively severe
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(grade 3, according to the National Cancer Institute
Common Toxicity Criteria version 2.0) hypertension was
observed in 3 out of 9 enrolled subjects of the 900-mg
ACR group, but this treatment-related adverse event was
successfully managed by anti-hypertensive drugs. Okita
et al. (45) have reported that ACR administration caused
several adverse reactions, including onychoclasis, headache,
anemia, renal impairment, and edema. The occurrence
rate of those events, which caused discontinuation of the
trial, increased with ACR dose: 15.9% (21/132) in the
600-mg group, 6.9% (9/131) in the 300-mg group, and
4.7% (6/129) in the placebo group. Other adverse events
associated with retinoid treatment, such as mucocutaneous
symptoms, impaired lipid metabolism, and musculoskeletal
disorders, were rarely observed in the previous study
of ACR (45). It can be considered that administration
of ACR within clinical dose exhibits no severe and life-
threatening complications such as retinoic acid syndrome,
a cardiorespiratory syndrome manifested by dyspnea,
pulmonary infiltrates, pleural effusions, and so on (51).
Clinicians, however, should be careful, because there is a
possibility that treatment with ACR for a longer period of
time has other unexpected adverse reactions.

Conclusions

The high incidence and recurrence rate of HCC in cirrhotic
livers results in a poor prognosis for HCC patients. In order to
improve the prognoses for these patients, effective strategies for
controlling chronic liver diseases and chemoprevention of HCC
must be developed. Findings from both experimental and clinical
investigations suggest that treatment with retinoids may offer
one of the promising approaches for treating and preventing
HCC. In particular, the synthetic retinoid ACR appears to be
a promising agent for prevention of HCC development. Its
efficacy for preventing HCC recurrence is already validated in
subgroup analyses of data from a clinical trial. The mechanisms
of ACR action, however, have not yet been fully elucidated
and still need further study. Moreover, ACR will possibly be
approved for use in HCV-infected patients although not in other
patient populations. Further studies examining the beneficial
effects of retinoids on liver disease should be increased and
expanded into other etiologies, including chronic HBV patients,
and patents with alcoholic hepatitis and NAFLD.
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