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Hepatocellular carcinoma is an emerging worldwide health threat that has few curative treatment options and poor
overall survival. Progressive hepatic fibrosis is a common pathway for all forms of chronic liver disease and is
closely linked epidemiologically to hepatocellular carcinoma risk. However, the molecular events that predispose a
fibrotic liver to cancer development remain elusive. Nonetheless, a permissive hepatic microenvironment provides
fertile soil for transition of damaged hepatocytes into hepatocellular carcinoma. Key predisposing features include
alterations in the extracellular matrix, bidirectional signaling pathways between parenchymal and nonparenchymal
cells, and immune dysfunction. Emerging research into the contributions of autophagy, tumor-associated fibro-
blasts, and hepatocellular carcinoma progenitor cells to this dangerous milieu also provides new mechanistic under-
pinnings to explain the contribution of fibrosis to cancer. As effective antifibrotic therapies are developed, these
approaches could attenuate the rising surge of hepatocellular carcinoma associated with chronic liver disease.
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INTRODUCTION

Fibrosis contributes significantly to chronic diseases of
the heart, lungs, liver, kidneys, bone marrow, skin, joints,
and bowel and is implicated in at least one third of all
deaths in the industrialized world (1). Fibrosis is a pro-
cess in which fibrogenic cells produce excessive amounts
of extracellular matrix (ECM) in response to acute injury
with the initial intent to protect parenchymal cells and
maintain liver function. However, chronic injury often
leads instead to the replacement of parenchymal cells with
fibrotic scar tissue and eventual organ dysfunction (2).

Liver fibrosis is present in virtually all patients with
chronic liver injury, regardless of the etiology. While the
ability of the liver to regenerate may attenuate some of the
injury and associated deposition of ECM, the majority of
patients with chronic liver disease will ultimately prog-
ress over decades to advanced fibrosis or cirrhosis, lead-
ing to complications that include encephalopathy, ascites,
variceal bleeding, synthetic dysfunction, and hepatocellu-
lar carcinoma (3).

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer worldwide with over 700,000 cases diagnosed

in 2008, and it is the third leading cause of cancer death
(4). Traditionally considered a disease of Asia and Sub-
Saharan Africa where hepatitis B is endemic, HCC inci-
dence is rising in Western countries driven by the aging of
cohorts infected with hepatitis C up to four decades ago,
and the increasing prevalence of fatty liver disease associ-
ated with obesity [NAFLD/NASH and the metabolic syn-
drome (5)]. The overall survival of HCC remains poor,
and progress is urgently needed in defining new pathways
of disease, diagnostic markers, and targets for therapy.
Patients frequently present at advanced stages, relapse
rates are high, and palliative management is often the only
treatment option (6).

Up to 90% of cases of HCC arise in the setting of
advanced fibrosis or cirrhosis (7). Despite this well-known
link, there are few unifying pathways that mechanisti-
cally link liver fibrosis with the development of HCC.
Specifically, is hepatocellular injury leading to fibrosis
directly responsible for concurrent development of HCC,
or is fibrosis an innocent bystander in HCC development
that occurs concurrently but unrelated to changes that
culminate in HCC?
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The link between fibrosis and cancer is an emerging
area of inquiry. Tumor stroma is the supporting architec-
ture of a tumor and is typically rich in ECM (2). Central
to this ECM are fibrogenic cells, which are increasingly
implicated in all stages of tumor development (8). Despite
many similarities between fibrosis pathways across organs,
fibrosis is more strongly linked to epithelial cancer in liver
than in other organs. One reason may be the liver’s unique
regenerative capacity, which enables fibrosis to persist for
decades while maintaining normal function, whereas in tis-
sues like lung, idiopathic pulmonary fibrosis leads to pul-
monary failure in a short interval before cancers develop
to the same extent (9). However, sustained hepatocyte
regeneration and liver progenitor cell expansion in the set-
ting of chronic liver injury may also promote accumulation
of oncogene activation in hepatocytes (10), thereby pro-
moting the development of cancer. Hepatocarcinogenesis
is multifactorial, yet fibrosis contributes to a susceptible
tumor microenvironment in liver, combined with con-
current tissue responses including angiogenesis, chronic
inflammation, and oxidant stress, among others (11).
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HEPATIC FIBROSIS

Our understanding of the response of the liver to injury
has expanded significantly in recent years (Fig. 1). Viewed
initially as a protective mechanism, fibrosis eventually
can lead to significant organ dysfunction over decades
[reviewed in (2)]. Central to this understanding has been
the characterization of the nonparenchymal hepatic stel-
late cell (HSC) (12), which is the major source of ECM in
the liver, following its activation into proliferative, fibro-
genic, contractile myofibroblasts. More recently, evidence
has implicated HSCs in immunoregulation, regenera-
tion, and hepatic development as well [reviewed in (12)].
Specifically, HSCs, which reside in the perisinusoidal space
of Disse, are activated following liver injury and coordi-
nate the repair response, primarily by secreting interstitial,
fibrillar collagens, especially types I and III. If the injury is
acute, excess ECM is eventually degraded, and the sinu-
soidal microenvironment returns to normal. If the injury
is chronic, for example, in chronic hepatitis B or C, the
ongoing deposition of ECM may eventually lead to replace-
ment of the normal parenchyma with scar matrix, distorting
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Figure 1. The progression from normal hepatocytes to hepatocellular carcinoma. Chronic injury from viruses, toxins, or metabolic
derangements leads to hepatocyte damage that provokes inflammation, increasing cell turnover, and progenitor cell expansion. Cell
turnover and progenitor expansion, combined with reactive oxygen species and enhanced NF-xB signaling may progress directly to
HCC. Activated myofibroblasts in the setting of chronic injury increase deposition of ECM components leading to a fibrotic microen-
vironment, which promotes HCC development. The red arrows indicate hepatocarcinogenic steps, and their size reflects relative con-
tributions to HCC development; most cases occur in the setting of advanced fibrosis or cirrhosis. Abbreviations: MF, myofibroblast;
NK, natural killer; HCC, hepatocellular carcinoma; TGF, transforming growth factor; HGF, hepatocyte growth factor; VEGF, vascular

endothelial growth factor; PDGEF, platelet derived growth factor.
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the liver architecture and vasculature and impairing its dif-
ferentiated function.

Significant alterations in the hepatic microenvironment
resulting from fibrosis are shared among all causes of chro-
nic liver disease. Understanding these alterations helps
clarify how they enhance the susceptibility to developing
HCC in progressive fibrotic disease and raise the pros-
pect that successful antifibrotic therapy could attenuate
its risk.

HEPATOCARCINOGENIC MECHANISMS
LINKED TO HEPATIC FIBROSIS

Oxidative Stress

Oxidative stress (OS) is a general term used to describe
increased production of reactive oxygen species (ROS) or
decreased production of antioxidants, creating an imbal-
ance in the prooxidant/antioxidant state in cells and subse-
quently leading to cell damage (13). Hepatocytes produce
ROS in response to injury, which in turn act on HSCs to
promote fibrosis development. OS has been implicated
in all etiologies of chronic liver disease and plays a sig-
nificant dual role in both the initiation and perpetuation
of liver fibrosis via its effect on HSCs. OS also directly
promotes cancer independent of the presence of fibrosis
by provoking DNA damage and altering intracellular sig-
naling, as described below (13,14).

In chronic alcohol exposure, hepatocytes generate
excessive ROS via mitochondria, the NADPH oxidase
membrane complex (NOX), and CYP2E1 induction, result-
ing in increased production of collagen with subsequent
ECM remodeling by HSCs and periportal fibroblasts (15).
ROS liberated by NOX are central to this fibrogenic
response. In murine models of liver fibrosis, HSC NOX
mRNA expression is induced, along with NOX-mediated
fibrogenic and mitogenic signaling by transforming growth
factor-B1 (TGF-B1) and platelet-derived growth factor
(PDGF), respectively (16). Furthermore, in transgenic
murine models with deletion of specific NOX proteins,
fibrosis is attenuated in response to liver injury (16). In
addition to these profibrotic changes, excessive ROS lead
to DNA damage, mitochondrial damage, increased nuclear
factor-xB (NF-kB)-mediated inflammation and a reduc-
tion in antioxidant defenses, which collectively amplify
injury, fibrosis, and the propensity to develop hepato-
cellular carcinoma especially in alcoholic and nonalcoholic
steatohepatitis (14,15).

Hepatic ROS are increased in patients with chronic
hepatitis C, combined with reduced levels of antioxi-
dants such as glutathione and antioxidant defense sys-
tems including manganese superoxide dismutase (17).
These abnormalities in redox balance are due to the direct
effects of hepatitis C virus proteins on mitochondria,
NOX, intracellular calcium metabolism, and induction
of CYP2EI. ROS also stimulate TGF-B1 signaling and
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increase fibromodulin production in hepatocytes, lead-
ing to HSC proliferation and migration, with increased
fibrosis (17). As in alcoholic liver disease, ROS gener-
ated in chronic hepatitis C are hepatocarcinogenic pri-
marily through induction of DNA mutations, promotion
of angiogenesis via elevated prostaglandins and vascular
endothelial growth factor (VEGF) signaling, and reduced
effectiveness of DNA repair systems (17,18).

Oxidative stress is considered pivotal in provoking the
transition from simple nonalcoholic fatty liver (NAFLD)
to the more clinically significant nonalcoholic steatosis
(NASH) (19). Increased free fatty acids (FFA) in NAFLD
liberate increased ROS via hepatocyte mitochondria and
peroxisomes. Subsequent elevated ROS-mediated hepa-
tocyte lipid peroxidation not only promotes cell death but
also activates HSCs, which drive the inflammatory and
fibrotic response, and Kupffer cells, which further stimu-
late HSC activation (20).

Several OS-associated pathways and molecules in
NASH are hepatocarcinogenic, including NF-xB, which
has been proposed as a common link between liver fibro-
sis, injury, and HCC (21). NF-xB is a highly conserved
and tightly regulated signaling pathway central to liver
survival and homeostasis, and Kupffer cell and HSCs
responses, which are activated following hepatocellular
injury (21). The IxB kinase (Ixk) complex is essential for
the activation of NF-xB. Transgenic mice with genetic
deletion of a regulatory subunit of Ikx, known as NF-xB
essential modulator (NEMO/IkK), spontaneously develop
a chronic hepatitis resembling human NASH followed by
HCC, highlighting the central role that NF-xB plays in
fatty liver and HCC (22). Studies linking OS to HCC will
have wide translational implications as OS pathways are
common to all models of chronic liver disease, raising
interest in the use of antioxidants to treat NASH (20);
encouraging results may translate into studies assessing
antioxidants in the prevention of HCC.

Extracellular Matrix Alterations

The ECM is not a static mechanical support structure,
but rather a dynamic and interactive component of the
liver’s architecture involved beyond providing simple cel-
lular support. Several alterations in the ECM during pro-
gressive fibrosis predispose to the development of HCC.

The hallmark of hepatic fibrosis is an imbalance
between ECM deposition and degradation that favors
net matrix accumulation. Both acute and chronic injury
activates HSCs, leading to qualitative and quantitative
changes in the ECM. Accumulation of collagenous and
noncollagenous ECM is controlled in part by matrix met-
alloproteinases (MMPs) (which degrade substrates) and
tissue inhibitors of metalloproteinases (TIMPs) (which
inhibit MMPs). Enhanced collagen deposition increases
the stiffness of the ECM, which in turn promotes ongoing
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HSC activation and thus more collagen deposition in a
positive feedback loop (3).

Several different MMPs in liver act upon a range of
substrates including collagen and other ECM compo-
nents, including proteoglycans, laminin, and fibronectin.
TIMP concentrations and the balance between MMPs
and TIMPs determine the net effect on ECM homeosta-
sis; high MMP/TIMP ratios lead to net degradation of
ECM, while increasing TIMP concentrations favor MMP
inhibition and an increase in ECM quantity (3,23). HSCs
are the major source of MMPs and TIMPs, and their
activity is controlled by cytokines central to the fibrotic
response to injury such as TGF-B1 and TNF-o (12,23).
In addition, dendritic cells and macrophage subsets may
also provide critically important MMPs during fibrosis
regression (3).

MMPs and TIMPs are important in progression of
hepatocytes from dysplasia to the development of poorly
differentiated HCC. In the early stages of HCC develop-
ment, hepatocytes acquire a phenotype that may lead to
MMP-1 production in the setting of cirrhosis, which pro-
motes proliferation, invasion through portal tracts, and
fibrous tissue. Subsequently, well-differentiated hepatoma
cells may express MTI-MMP, MMP-2, and MMP-9,
which promote stromal invasion (24). Studies clarifying
the roles of MMPs and TIMPs have been pursued using
a model of woodchuck hepatitis virus (WHV)-related
HCC, which resembles human HBV. Levels of MMP-1,
MMP-2, MMP-9, and neutrophil gelatinase-associated
lipocalin (which forms a complex with MMP-9) are ele-
vated in HCC tissue of WHV-infected mice compared to
adjacent nontumoral tissue as well as compared to liver
tissue of WHV-naive mice. Furthermore, when an inhibi-
tor of mammalian MMPs was introduced into the model,
levels of MMP-2 and MMP-9 were reduced in WHV-
positive mice, but the effect on development of HCC
was not assessed (25). Several other groups are currently
investigating drug therapies targeting MMPs and TIMPs
in HCC.

Akey feature of the chronically injured liver is increas-
ing stiffness, which may favor the growth of HCC cells. A
recent meta-analysis of 17 trials including 7,058 patients
demonstrated that increasing liver stiffness as measured
by transient elastography correlates with the risk of HCC
development (26). In culture, when human HCC cell lines
are grown upon polyacrylamide gels designed to mimic
increasing degrees of matrix stiffness, their proliferative
index (assessed by Ki-67 staining) is 12 times higher than
for cells grown on a soft gel (27). Furthermore, the STAT3
pathway is regulated by matrix stiffness. When HCC cells
are exposed to hepatocyte growth factor (HGF), STAT3
activation is greater in cells on stiff gels compared to
soft gels (27). Interestingly, STAT3 has been uncovered
as a key component of TGF-B-mediated induction of
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connective tissue growth factor (CTGF), which is fibro-
genic, in an immortalized rat HSC cell line (28), further
linking fibrosis and HCC development.

Paracrine Crosstalk Between Hepatic Stellate Cells,
Hepatocytes, and the Extracellular Matrix

In addition to increased matrix stiffness, there are sig-
nificant alterations in the signaling pathways and effec-
tor molecules accompanying the activation of stromal
cells, which are likely derived in part from HSCs. The
ECM sequesters important growth factors and cytokines
that contribute to paracrine interactions in a bidirectional
fashion influencing cellular function in HCC pathogen-
esis. These functions include angiogenesis, modulating
HSC proliferation and activation, tumor cell survival, and
differentiation (3).

Important proliferative, angiogenic, and regenera-
tive cytokines secreted by HSCs contribute to a car-
cinogenic milieu. These include transforming growth
factors (TGF-o, TGF-B), platelet-derived growth fac-
tors (PDGF-B and PDGF-C), hepatocyte growth factor
(HGF), vascular endothelial growth factor (VEGF), and
interleukin-6 (IL-6) (11). Mice with liver-specific over-
expression of PDGF-C develop extensive fibrosis followed
by epithelial transition to neoplasia (29,30). Moreover,
levels of expression of its receptor (PDGFRa) are lower
in the tumor than surrounding tissue (30), suggesting that
PDGF-C is more important in modulating the microenvi-
ronment to promote neoplasia development in a paracrine
fashion than in providing direct tumorigenic stimulation
to hepatocytes or liver progenitor cells.

Many ECM-—cell interactions are transmitted via trans-
membrane adhesion molecules, in particular, integrins.
This family of mechanoreceptors binds growth factors
and components of the ECM and transmits cell—cell sig-
nals as well as bidirectional signals between the ECM and
hepatocytes. When integrins bind to growth factors or
ECM ligands, such as collagen, laminin, and fibronectin,
they form focal adhesions and activate specific intracel-
lular effector pathways, including protein kinase C, talin,
paxillin, and the phosphatidylinositol 3-kinase (PI3K)
and mitogen-activated protein kinases (MAPK) pathways
(31). Integrins are central to the fibrogenic response (31)
and also influence survival, differentiation, and prolifera-
tion, which are dysregulated in cancer cells (32). Integrin
expression patterns are altered in human HCC, potentially
mediated by selective pressure from both tumoral and
peritumoral stromal cells. Their contribution to the tran-
sition of normal or dysplastic hepatocytes to HCC within
a fibrotic stroma is unclear; however, integrins promote
established HCC by their actions on cell proliferation,
adhesion, invasion, migration, and apoptosis (33). There
are currently integrin antagonists in preclinical studies for
HCC treatment (33).
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Natural Killer and Natural Killer T-Cells

Natural killer (NK) cells account for up to 40% of lym-
phocytes of the liver. They contribute to a range of hepatic
disorders, including alcoholic liver disease, NASH, chronic
viral infections, autoimmune disease, cancer, and fibrogen-
esis (34). NK cells attenuate liver fibrosis development,
particularly in the early phases of fibrosis by inducing apop-
tosis of HSCs. Natural killer T-cells (NKT) may in fact be
fibrogenic, although this pathway has not been fully eluci-
dated. In the late stages of advanced fibrosis and cirrhosis,
NK cell function is reduced, which promotes ongoing ECM
deposition and in turn increases the risk of HCC (3,34). NK
cells are also vital for immune surveillance to remove tumor
cells, but as fibrosis progresses, NK-mediated tumor kill-
ing is diminished due to phagocytosis of NK cells (based
on culture studies) (35), inability of the NK cells to achieve
target cell contact due to increased fibrosis, which reduces
their infiltrative capacity (36), and switching of ligands and
receptors in dysplastic lives, allowing preneoplastic hepa-
tocytes to escape immune recognition and hence NK cell-
mediated clearance (37). These NK cell mechanisms are
not necessarily fibrosis dependent; rather, they exist within
a milieu of chronic disease (e.g., chronic viral infection),
promoting both parenchymal liver abnormalities (e.g.,
genomic abnormalities by cellular injury-induced ROS)
and fibrosis, eventually leading to HCC development in
some cases.

EMERGING AND FUTURE AREAS
OF INTEREST

Tumor-Associated Fibroblasts

Tumor stroma and tumor-associated fibroblasts (TAFs)
are emerging areas of cancer research. TAFs are the most
abundant cell type of the tumor stroma and proliferate in
response to cytokines and mitogens, including HGF. In
the context of fibrosis and HCC, a contribution of TAFs
to tumor initiation has been proposed (38). In HCC, they
are the major source of collagen in tumor stroma and pro-
mote angiogenesis, tumor growth, migration, and reduce
antitumor immunity (11). The origins of TAFs and their
relationship to HSCs in HCC are not clear, but TAFs
could derive from resident HSCs. Moreover, the two cells
share many similarities in growth hormone, cytokine, and
mitogen expression profiles.

Autophagy

Autophagy has a role in both liver fibrosis and HCC
development (39). Autophagy in HSCs amplifies hepatic
fibrosis and loss of the autophagy protein ATG7 in cul-
tured murine HSCs and in HSC-specific ATG7 knockout
mice attenuates the fibrotic response (40). This loss of
autophagy may limit the hydrolysis of FFAs, depriving
stellate cells of a key energy source, thereby attenuating
activation and fibrosis development (40).
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Autophagy in hepatocytes, in contrast to HSCs, may be
generally beneficial. For example, transgenic mice with
hepatocyte rather than HSC-specific ATG7 knockdown
spontaneously develop chronic hepatitis, fibrosis, and mul-
tiple benign hepatic adenomas (41). In cancer, autophagy
has been described as a “double-edged sword” based on its
activity in hepatocytes. On the one hand, it protects from
the development of tumors by removing damaged cellular
components. On the other hand, once a tumor has devel-
oped, the cancerous cells use autophagy to promote cellular
growth and survival by providing necessary metabolic and
nutrient support (39). In human HCC liver tissue, ATG7
is upregulated relative to surrounding tissue, likely as a
protective response to allow tumor cells to survive cellular
stress (42). MicroRNA-375 (miR-375) acts in human HCC
cell lines to inhibit ATG7 activity, highlighting the possible
therapeutic benefit of microRNAs in HCC (42).

Gene Signatures in Fibrosis and HCC

Recent advances in genomic profiling using high-
throughput or next-generation sequencing has facilitated
the analysis of molecular alterations in both tumor tissue
and the surrounding stroma across the entire genome. The
discovery of new oncogenes from these approaches is
likely to translate into significant advances in the clini-
cal management of HCC from surveillance and diagnosis
to prognosis prediction and refined therapies (43). These
techniques will advance our understanding of the effect
of permissive microenvironment on HCC development.
For example, genomic profiling of 6,100 genes from
106 patients in both tumor tissue and surrounding tumor
stroma identified gene signatures that correlate with over-
all survival. Specifically, the gene signature of the sur-
rounding tissue strongly correlates with overall survival,
while the signature of the tumor tissue itself does not (44).
While subsequent studies have shown the gene signature
of HCC tumors to correlate with outcomes [reviewed in
(43)], the findings nonetheless underscore the important
role of tumor stroma in HCC development and outcomes.

Proteomics provides an accurate way to assess the
broad range of ECM alterations in HCC (e.g., the integrin
family) and thus allows for targeted assessment of candi-
date causative molecules. Proteomic analysis of PDGF-C
transgenic and Pten null mice identified a series of integ-
rins and collagens (including six types that had not been
previously identified in the liver) in mice with steatosis,
fibrosis, and HCC (45).

Publicly available HCC gene expression data from The
Cancer Genome Atlas (TCGA) has facilitated dissemina-
tion of changes in the ECM transcriptome. This analysis
identified several collagens and proteoglycans upregulated
in HCC stroma, as well as a decrease in activity of the
insulin-like growth factor-binding protein family (46). The
RNA sequencing used in this analysis accurately quantifies
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changes in transcript variants, which arise as a consequence
of alternate splicing events, a common feature in ECM
regulation. Several genes previously uncharacterized in
the setting of cancer were identified as having differential
expression in HCC stroma (46).

HCC Progenitor Cells Within a Permissive
Microenvironment

Malignant tumors are thought to arise in some cases
from a single progenitor cell, which, through genetic alter-
ations, has developed growth and survival advantages. The
search for HCC progenitor cells (HcPCs) has been linked
to a permissive microenvironment within the damaged
and fibrotic liver (47). In one study, isolated progenitor
cells from livers of BL/6 mice 3 to 5 months after receiv-
ing the procarcinogenic diethyl nitrosamine (DEN) only
led to tumor development in the livers of syngeneic mice
after splenic injection in which the recipients had been
treated with the fibrotic hepatotoxin CCl,, but did not lead
to tumor development in mice that were untreated. This
model suggests that premalignant HcPCs will only transi-
tion to malignancy when placed within an environment of
chronic damage and fibrosis (47), further reinforcing the
dependence on permissive tumor environment.

CONCLUSIONS AND DISCUSSION

Growing evidence mechanistically links the develop-
ment of HCC to a permissive fibrotic microenvironment.
However, much of the data are associative rather than
causal, and the paucity of animal models that accurately
reflect the human liver’s response to injury (besides the
PDGF-C transgenic mouse model) is hampering efforts to
conclusively link the two. On the other hand, fibrosis and
cirrhosis are not the only prerequisites for HCC develop-
ment. Several etiologies of liver disease are directly hepa-
tocarcinogenic, including hepatitis C and hepatitis B (18),
NASH (21), and alcohol (14).

The paradigm that HCC typically arises after the
development of advanced liver fibrosis is not sufficient to
definitively link the two at a mechanistic level. Consider
that the 5-year cumulative incidence of HCC development
in Japanese patients with hepatitis C cirrhosis reaches
30%, whereas HCC rates for patients with advanced pri-
mary biliary cirrhosis are as low as 4% (48). The example
of OS as both a stimulus for the initiation and perpetu-
ation of fibrosis, and directly stimulating carcinogenesis
through DNA damage (among other pathways), provides
a useful framework for considering how to untangle the
complex interrelationship between disease (e.g., chronic
viral infection), tissue response (development of fibrosis),
and development of complications (cirrhosis and HCC).

Several barriers undermine the development of a unifying
theory linking fibrosis with HCC development. First is the
lack of adequate experimental models. Fibrosis represents a
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spectrum of quantitative and qualitative abnormalities of the
ECM and of parenchymal and nonparenchymal cells that
translate to mild fibrosis through to cirrhosis in a clinical con-
text. Similarly, HCC develops along a pathway of molecular
and genomic abnormalities that progress from normal hepa-
tocytes to dysplasia, then to poorly differentiated tumors
and eventually metastatic carcinoma. Experimental work
struggles to translate this knowledge of human fibrosis and
HCC into reproducible, representative models. Current mice
models of HCC development often use a single intraperito-
neal injection of DEN at day 15. HCC typically develops in
these animals after 9 to 12 months, but the liver parenchyma
exhibits little or no fibrosis. Weekly injections of DEN in
rats may provide an accurate reflection of human fibrosis
and HCC development. In a study assessing the effective-
ness of erlotinib, an epidermal growth factor receptor inhibi-
tor, rats were injected weekly with a low dose of DEN for
8 weeks to assess the drug’s impact on fibrogenesis and
HCC prevention. After 18 weeks, the animals developed
advanced fibrosis and cirrhosis. Control animals not receiv-
ing erlotinib developed a median of 20.4+5.5 HCC tumors
compared to a median of 5.0+2.2 and 10.3+3.8 tumors in
the 2 mg/kg and 0.5 mg/kg erlotinib dose groups, respec-
tively (p<0.01 for both groups), demonstrating the efficacy
of this regimen (compared to a single injection of DEN) in
mimicking the development of fibrosis followed by HCC as
seen in humans (49).

HCC develops within an abnormal, permissive microen-
vironment brought on by chronic injury; fibrosis is just one
component that may be difficult to separate from other
hepatocarcinogenic insults. These pathways, including
angiogenesis, chronic inflammation, and oxidative stress,
frequently share common signaling and effector molecules.
In order to accurately gauge the effect of fibrosis on HCC
development, it is imperative to functionally separate fibro-
sis from the various other changes within a damaged liver
using experimental models. Importantly, specific pathways
may only contribute to cancer development within a lim-
ited interval along the carcinogenic spectrum.

These findings have implications for developing anti-
fibrotic therapy to attenuate the risk of HCC. Early anti-
fibrotic clinical trials are testing both new molecules and
established drugs (50); assessing their potential role in
reducing the risk of HCC development will be an impor-
tant component of their evaluation.
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