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overload and has variable expressivity. Thus, operational tests of
iron status [% saturation of transferrin (—90% of patients); serum
ferritin (—70% of patients)] remain useful for diagnostic screening.
Liver biopsy and tIssue iron quantification remain for the present
the gold standard tests for all forms of hemochromatosis. For our
understanding of iron metabolism, the identification of HFE repre-
sents a promising step but the means by which loss of HFE expres-
sion at the cell surface leads to systemic iron storage remains elu-
sive. The identification ofthe mammalian intestinal iron uptake and
red cell iron transport protein, NRamp 2, provides a tantalizing
potential link for a molecular understanding of the control ot body
iron balance. Lately, the identification of hephaestin, a ceruloplas-
min-like protein involved in the efflux of iron from intestinal epithe-
lial cells, may add much more to our portfolio of contributors to iron
physiology; hephaestin is mutated in the sex-linked anemia mouse
that is defective in iron transport from intestine to plasma.
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Neoplastic development in the liver
Genesis of liver tumors most probably occurs via multiple molecu-
lar mechanisms which depend on both the nature of the carcinogen
and the lesions induced by it. The liver system can be viewed as
being Composed of two stem Cell systems: the unipotential (possi-

bly bipotential) hepatocytic and the multipotential nonparenchymal
epithelial (ductular) systems (1, 2). Therefore, it seems reasonable
to expect that both cell systems could provide progenitor cells for
the neoplastic process. There is no doubt that the hepatocyte fre-
quently is the progenitor cell for liver tumors (3). The involvement
of the nonparenchymal (ductular) system in the genesis of liver
tumors, particularly hepatocellular carcinomas, is still hotly debated.
On the one hand, it has been proposed that “the cell of origin of liver
cancer is the putative liver stem cell or its progeny, the transitional
duct cell” (4). Alternatively, Farber (3) has stated that “rare original
mature hepatocytes in zone 1,2 or 3 of the adult liver appearing after
initiation with genotoxic carcinogens have been shown to be the cell
of origin for foci or islands of altered hepatocytes and of nodules
derived from these foci.” The central issue in better understanding
the involvement of the nonparenchymal epithelial (ductular) cells in
the carcinogenic process is the characterization of the mechanisms
that regulate both the proliferation of these cells after carcinogenic as
well as noncarcinogenic insults, and the factors governing the lin-
eage commitment processes in this compartment.

Hepatic stem cells and hepatocarcinogenesis
A landmark contribution to the involvement of nonparenchymal
epithelial cells in hepatocarcinogenesis was provided by Farber (5)
who provided a detailed description of the early histological
changes during hepatocarcinogenesis caused by three chemical
carcinogens. The carcinogens used by Farber, ethionine, 2-acety-
laminofluorene (AAF), and 3’-methyl-4-dimethylaminoazobenzene
(Me-DAB), in spite of being structurally very different, caused sim-
ilar histological alterations. The common features included: i) oval
cell proliferation which progressively involved most of the liver lob-
ule, beginning in the portal areas; ii) degenerative and hypertrophic
changes in hepatocytes adjacent to proliferating oval cells, and iii)
nodular regenerative hyperplasia of liver cells. There were, howev-
er, important differences in the time course of appearance and fare
of the oval cells induced by these three hepatocarcinogens. While
oval cells appeared early following ethionine and AAF administra-
tion (7 and 14 days, respectively), their appearance occurred sig-
nificantly late after Me-DAB treatment (first seen at day 21). More
importantly, the fate of the oval cells in the Me-DAB-treated animals
were different from those induced by ethionine and AAF, In the
early stages the oval cells induced by Me-DAB were morphologi-
cally indistinguishable from those generated by ethionine and AAF.
However, at later stages areas of apparent transition between oval
cells and hepatocytes were numerous in the Me-DAB treated ani-
mals but absent in those receiving ethionine and AAF.

These observations raise several important issues. First, and
most importantly, it is now well established that many different
Chemical compounds capable of producing liver tumors in rats and
mice, induce a similar sequence of histological changes in which
oval cell hyperplasia is prominent (6). Secondly, if the transition
from oval cells to hepatocytes can be morphologically observed
after Me-DAB treatment, then it is in principle established that oval
cells (or at least a subpopulation of oval cells) have the capacity to
differentiate into hepatocytes. The fact that administration of ethio-
nine or AAF did not provide the same clear morphological
sequence as seen with Me-DAB in which the oval cells merge
imperceptibly and were in continuity with the regenerating nodules,
suggests that the compounds capable of inducing oval cell prolifer-
ation may greatly affect both the rate and extent of oval cell differ-
entiation into hepatocytes. The tact that a large population of oval
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cells is cycling during the early stages of chemical hepatocarcino-
genesis and that these cells can differentiate into hepatocytes
strongly suggests that at least a percentage of the hepatocellular car-
cinomas are derived from oval cell progenitors. Recently, there has
been accumulating experimental evidence in support of this notion.
Hixson et al. (7, 8) have used a battery of monoclonal antibodies
specific for antigens associated with bile duct cells, oval cells and
fetal, adult, and neoplastic hepatocytes to analyze the phenotypic
relationship between oval cells, foci, nodules, and hepatocellular car-
cinomas during chemical hepatocarcinogenesis. These investigators
found, using the resistant hepatocyte model of Soft and Farber (9),
that oval cells, gamma-glutamyltransferase-positive hepatocellular foci,
persistent hepatocyte nodules, and primary hepatocellular carcino-
mas express both oval cell and hepatocyte antigens. This finding
indicates a precursor product relationsship between oval cells and
carcinomas. Similar results were obtained by Dunsford et al. (10)
using different monoclonal antibodies raised against oval cells.
These lineage relationships between oval cells and hepatocellular
carcinomas also exist in other models of liver carcinogenesis. For
example, animals maintained on a ODE diet display markers for oval
cells and hepatocytes in a significant percentage of nodules and
hepatocellular carcinomas (7, 8). Also, metastatic foci in the lung
from the animals harboring these liver tumors show essentially the
same phenotype (7).

The evidence for oval or ductular cells as progenitors for hepa-
tocellular carcinomas- is not restricted to experimental models of
chemical hepatocarcinogenesis in rodents. Results from Van Eyken
et al. (11) on the cytokeratin expression in 34 “classical” human
hepatocellular carcinomas (HOC) using monospecific anticytokeratin
antibodies show that all HOGs were positive for cytokeratins 8 and
18. However, in 17 cases a variable number of the tumor cells were
positive for cytokeratin 7 (two cases), cytokeratin 19 (7 cases), or
both 7 and 19(8 cases). The authors also reported that only three of
11 well-differentiated tumors display an “unexpected” pattern of
immunoreactivity as opposed to seven of seven poorly differentiated
tumors. This is particularly important in light of the earlier observation
by Denk et al. (12) that cytokeratins continue to be expressed when
hepatocytes become neoplastic. These observations are also highly
relevant in light of the recent findings of Hsia et al. (13) and
Vandersteenhoven et al. (14) who demonstrated immunohistochem-
ically the presence of ductular “oval” type cells with characteristics of
both bile ducts and hepatocytes in the liver of patients with end stage
cirrhosis and/or tumors from hepatitis B infection. It is important at
this stage to reemphasize that the relative percentage of primary
hepatocellular carcinomas derived from oval cell progenitors vary
over a wide range depending on the protocol of the carcinogen
and/or the chemical carcinogen used as well as the extent of oval cell
involvement in the early stages of the process.

Transformation of liver derived epithelial (oval) cells
The most direct evidence- that oval cells and/or rat lung epithelial
(RLE) cells can progress to hepatocellular carcinomas comes from
in vitro transformation of these cells. Spontaneous transformation
of RLE and oval cells as well as transformation with chemical car-
cinogens and dominant oncogenes results in the tumors displaying
a wide range of phenotypes including well-differentiated hepato-
cellular carcinomas, cholangiomas, hepatoblastomas, and poorly
differentiated or anaplastic tumors (15-18). In one of the most com-
prehensive studies on the chemical transformation ofthe RLE cells
by Tsao and Grisham (15), a wide range of tumors described

including carcinomas, sarcomas, mixed epithelial-mesenchymal
tumors, and undifferentiated tumors. In addition, several tumors were
morphologically indistinguishable from hepatocellular carcinomas.

We have recently demonstrated that cytokeratin 14 is
expressed in several RLE cell lines (19). Although the partner for
cytokeratins 8 and 14 has traditionally been found to be cytoker-
atins 18 and 5, respectively, it is now well documented that cytok-
eratins 8 and 14 can be expressed in the complete absence of their
traditional partner (20-22). We have shown that in some RLE cell
lines cytokeratins 8 and 14 form heterotypic filaments (21). We also
found that these cell lines express vimentin along with the cytoker-
atins (22). However, the spontaneous transformation and differen-
tiation of one of our RLE cell lines to a hepatoblast-like phenotype,
forming a well-differentiated trabecular hepatocellular carcinoma,
results in an abrogation of vimentin protein expression and a
change in cytokeratin expression from which cytokeratin 14 was
substituted by 18 (23). We have used this RLE transformation sys-
tem to study the relationship between the expression of cytoker-
atins 14, 8, as well as 18 and alpha-fetoprotein (AFP) during the
process of proliferation and differentiation of the RLE cell line to a
hepatoblast-like progeny.

The steady-state levels of mRNA transcripts for cytokeratin 14
and AEP, as well as for cytokeratins 8 and 18 and vimentin show a
significant change in the expression pattern during the process of
transformation (23). Before the cells display morphological signs of
transformation, a high steady-state level of cytokeratin 14 transcripts
in addition to transcripts for cytokeratin 8 and vimentin is detected.
During the process of transformation that occurred within 33-35 pas-
sages, the steady-state levels of cytokeratin 14 and vimentin abrupt-
ly declined, and could not be detected in later passages nor in the
clonal transformed B5T cell line. The disappearance of the cytoker-
atin 14 and vimentin mRNA transcripts closely corresponds with the
appearance of a 2.1 kb transcript for AFP and a 1.4 kb transcript for
cytokeratin 18. The mRNA transcripts for cytokeratins 8 and 18 as
well as those for AFP are present in the transformed clonal B5T cell
line. In contrast tothe spontaneous transformation, these same RLE
cells when transformed by dominant oncogenes yield primitive and
anaplastic tumors (16). These data indicate that the tumor pheno-
types derived from RLE and/or oval cells may depend on both the
mechanism of transformation and the stage of differentiation of the
cells when the transformation occurs.

Conclusions
The adult organism contains many kinds of stem cells that exist at
different stages of differentiation and have very different capacities
for generating multilineage progeny. The capacity for self-mainte-
nance is a fundamental and common trait of all stem cells. A cell
population that has an extensive self-maintaining capacity is the
only definition that applies to all stem cells. It is proposed that the
liver system be viewed as composed of two stem cell systems: the
unipotential hepatocytic and the multipotential nonparenchymal
epithelial (ductular) systems. Although the participation of the non-
parenchymal epithelial system in the development of liver tumors is
still not fully defined, strong evidence now exists indicating that
both these systems can and do provide progenitor cells for the nec-
plastic process in the liver. The central issue in better understand-
ing the involvement of the nonparenchymal epithelial (ductular)
cells in the carcinogenic process is the characterization of the
mechanisms that regulate both the proliferation of these cells after
carcinogenic as well as noncarcinogenic insults and the factors that
govern the lineage commitment processes in this stem cell system.
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Hepatocellular carcinoma (HOC) is the most common primary
tumor of the liver worldwide. Its incidence is in the region of
1,000,000 new cases per year, most of which occur in Southeast
Asia and tropical Africa. Mortality is nearly 100%, except for a small
number of early cases detected by screening. There is a heavy
male preponderance in all areas.

Etiology and pathogenesis
Hepatic carcinogenesis has been extensively investigated in ex-
perimental animals, mainly by the use of chemicals. These studies
established the multistep nature of malignant transformation
through initiation, promotion and progression. The findings are now
increasingly applied to humans. - -

The list of etiologies is quite long (Table 1) but chronic hepati-
tis B (HBV) and hepatitis C (HCV) infections respectively account
for 70-75% and 10-15% worldwide. HBV remains predominant in
Asia and Africa but the proportion of HCV-related cases is rising,
particularly in Japan and the Middle East. HBV transmission occurs
early in life and HOC develops in young middle age; HCV is
acquired in adulthood and patients are 15-20 years older. Aflatoxin
is an important factor or cofactor in certain areas such as
Mozambique and the Qidong province of China. Alcoholic cirrhosis
accounts for 50-70% of cases in low-incidence Western countries
alone or in combination with HBV or HCV. Inherited metabolic dis-
eases are rare but some, e.g., tyrosinemia, hemochromatosis,
carrya surprisingly high risk, Indeed, liver cancer is the only malig-
nancy that complicates these disorders regularly. Diabetes melli-
tus, a polygenic condition, has recently been added to the list. -

Tumor cells of HOC show evidence of severe genomic instabil-
ity by chromosome breakages, duplications and translocations.
Molecular biological studies ofthe role of HBV have been the most
interesting, if not yet conclusive. While this role may be indirect, as
70-90% of HBV-related HOC develop through cirrhosis, HBV may
act directly. It is a DNA virus that integrates in liver cell nuclei in a
random fashion but at sites that are close to growth controlling
genes and may result in their dysfunction. It was first thought that
this mechanism, resembling insertional mutagenesis of retroviruses,

Table 1. Etiology of hepatocellular carcinoma.

Hepatitis B virus (HBV)
Hepatitis C virus (HCV)
Aflatoxin
Alcohol
Inborn errors of metabolism

Tyrosinemia
Glycogen storage disease
Porphyria
alpha-1 -antitrypsin deficiency
Hemochromatosis

Synthetic gonadal steroids
Membraneous obstruction of the inferior vena cave
Radiation
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