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Abstract

In recent years, the results of several studies suggest
that human liver tumors can be derived from hepatic
progenitor cells rather than from mature cell types.
The available data indeed strongly suggest that most
combined hepatocellular-cholangiocarcinomas arise from
hepatic progenitor cells that retained their potential to
differentiate into the hepatocytic and biliary lineages.
Hepatic progenitor cells could also be the basis for
some hepatocellular carcinomas and hepatocellular
adenomas, although it is very difficult to determine the
origin of an individual hepatocellular carcinoma. There is
currently not enough data to make statements regarding
a hepatic progenitor cell origin of cholangiocarcinoma.
The presence of hepatic progenitor cell markers and the
presence and extent of the cholangiocellular component
are factors that are related to the prognosis of
hepatocellular carcinomas and combined hepatocellular-
cholangiocarcinomas, respectively.
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INTRODUCTION

The traditional view that adult human liver tumors atise
from mature cell types has been challenged in recent
decades. The results of several studies suggest that some
types of human liver tumors can be derived from hepatic
progenitor cells (HPCs). In this review, the evidence for a
HPC origin of several types of liver tumors and the pos-

sible clinical implications are discussed.

DEFINITION OF HEPATIC PROGENITOR
CELLS IN HUMAN LIVER

HPCs are small epithelial cells with an oval nucleus, scant
cytoplasm and location in the bile ductules and canals of
Hering"!. HPCs can differentiate towards the biliary and
hepatocytic lineages. Differentiation towards the biliary lin-
eage occurs via formation of reactive bile ductules, which
are anastomosing ductules lined by immature biliary cells
with a relatively large and oval nucleus surrounded by a
small rim of cytoplasm. Hepatocytic differentiation leads
to the formation of intermediate hepatocyte-like cells,
which are defined as polygonal cells with a size intermedi-
ate between that of HPCs and hepatocytesm. In most liver
diseases, hepatic progenitor cells are “activated”, which
means that they proliferate and differentiate towards the
hepatocytic and/or biliary lineages. The extent of activa-
tion is correlated with disease severity” .

HPCs and their immediate biliary and hepatocytic
progeny not only have a distinct morphology, but they
also express several markers, with many also present in
bile duct epithelial cells™, Immunohistochemistry using
antibodies against these markers facilitates the detection of
HPCs. The most commonly used markers are cytokeratin
(CK) 19 and CK7"",

HEPATOCELLULAR CARCINOMA AND
HEPATOCELLULAR ADENOMA

Evidence for a hepatic progenitor cell origin of hepato-
cellular carcinoma and adenoma
The proposal that a human hepatocellular carcinoma (HCC)
does not necessarily arise from a mature hepatocyte, but
could have a HPC origin, has classically been based on
three different types of observations. Each of them, how-
ever, gives only indirect evidence that can be disputed.
Firstly, it has been shown that HPCs are the cells of
origin of HCC in some animal models of hepatocarcino-
genesisW’S], which has led to the suggestion that this might
also be the case in humans. However, in other animal mod-
els, the HCCs arise form mature hepatocytes and not from
HPCs or reactive bile ductular cells™". Since it is currently
insufficiently clear which of these animal models accurate-
ly mimics human hepatocarcinogenesis“1’12], one should be
careful about extrapolating data regarding the HPC origin
of HCC in animal models to the human situation.

Secondly, liver diseases that are characterized by the
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presence of carcinogens and development of dysplastic
lesions also show HPC activation'. Therefore, the sugges-
tion has been made that HPCs form a “target population”
for carcinogens™”, but this is only a theoretical possibility
not supported by experimental data.

Thirdly, several studies have shown that a considerable
proportion of HCCs express one or more HPC markers
that are not present in normal, mature hepatocytes" """,
Due to the fact that most HPC markers are also expressed
in the biliary lineage, the term “biliary marker” has been
used in some of these studies' "', The “maturation arrest”
hypothesis” states that genetic alterations occurring in a
HPC, or its immediate progeny, cause aberrant proliferation
and prevent its normal differentiation (Figure 1). Further
accumulation of genetic alterations eventually leads to
malignant transformation of these incompletely differenti-
ated cells. The resulting HCC expresses HPC markers as
evidence of its origin. However, expression of HPC mark-
ers can also be interpreted in the setting of the “dediffer-
entiation” hypothesis'”, which suggests that the expression
of HPC markers is acquired during tumor progression as
a consequence of accumulating mutations (Figure 1). For
example, experiments in which human HCC cell lines were
transplanted into nude mice have nicely shown that the
expression of the HPC matker, CK19, steadily increased
when the tumors became increasingly aggressive and me-
tastasized to the lungs™”. Thus, the expression of CK19
in a HCC does not necessarily mean that the tumor has
a HPC origin, but it can also be a mutation-induced, ac-
quired expression associated with tumor progression. Both
possibilities are not mutually exclusive.

To further address this issue, precutsor lesions of HCCs
have been investigated for the presence of HPCs and their
immediate hepatocytic progeny. It was found that HPCs
and intermediate hepatocyte-like cells were present in 50%
of small cell dysplastic foci and hepatocellular adenom-
as*. Since both types of these lesions are precursors of
HCC"™, this supports the idea that at least some HCCs are
HPC-derived. Indeed, if the expression of HPC markers
in HCCs would always be acquired during tumoral progres-
sion, these precursor lesions would not contain HPCs and
their immediate hepatocytic progeny (Figure 1). Further-
more, HPCs and intermediate hepatocyte-like cells in hepa-
tocellular adenomas were present in a “starry sky” pattern
on a background of mature hepatocytes (Figure 2)™, This
picture is in agreement with the “cancer stem cell” theory:
stem cells that have undergone transformation retain their
renewal properties and nourish the tumor by their continu-
ous proliferation and differentiation®™. Hepatocellular ad-
enomas with HPCs and intermediate hepatocyte-like cells
did not form a specific clinicopathological subtype™.

Although these findings further support a HPC origin
for some human HCCs, they certainly do not give definite
proof. Moreover, these are findings and hypotheses that
apply to HCC in general. For an individual HCC that ex-
presses a HPC marker, it remains impossible to determine
whether this matker reflects the cellular origin and/or is
caused by tumor progression. This can only be elucidated
by determining whether the HCC contains cells that are ul-
trastructurally identical to HPCs in non-tumoral liver. Un-
til now, this type of investigation has only been done for
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Figure 1 Schematic representation of the “maturation arrest” hypothesis and the
“dedifferentiation” hypothesis applied to hepatocellular carcinoma and its precursor
lesions. According to the “maturation arrest” hypothesis, genetic alterations (grid
in nuclei) occurring in hepatic progenitor cells causes proliferation and incomplete
differentiation of these cells, eventually leading to hepatocellular carcinomas that
express hepatic progenitor cell markers (grayscale) as an evidence of their cellular
origin. In this scenario, precursor lesions contain hepatic progenitor cells and
intermediate cells (the small polygonal cells). The “dedifferentiation” hypothesis
states that the expression of hepatic progenitor cell markers in hepatocellular
carcinoma is merely a result of tumor progression and consequently the precursor
lesions should only consist of mature hepatocytes.
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Figure 2 Hematoxylin-eosin stained section of a hepatocellular carcinoma, which
suggests that the tumor consists of mature hepatocytes (A). However, the staining
for the hepatic progenitor cell marker cytokeratin 7 (B and C) shows the presence
of hepatic progenitor cells (arrowheads) and intermediate hepatocyte-like cells
(arrows) distributed in a “starry sky” pattern against a background of mature
hepatocytes. Original magnification: x 100 (A and B) and x 200 (C).

some hepatocellular adenomas and a very small number of

HCCs™*,

Prognostic value of the expression of hepatic progenitor
cell markers in hepatocellular carcinoma

From a purely clinical viewpoint, the reason why some
HCCs express HPC markers is not important. However,
the fact that several studies have shown that HCCs ex-
pressing HPC markers have a worse prognosis than HPC
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marker-negative HCCs might be potentially clinically rel-
evant™7. All but one!" of these studies also reported
that HPC marker-positive HCCs were less differentiated
than marker-negative HCCs. Multivariate analysis was
petrformed in only one of these studies and expression of
the HPC marker CK19 was an independent predictor of
postoperative recurrence!. This finding needs to be con-
firmed before one can consider using CK19-expression
for prognostication instead of more strongly established
independent prognostic markers, such as the immuno-
histochemical expression of the cell proliferation marker
Ki-67%7,

In a recent study, unsupervised clusteting of microat-
ray data from human HCCs and rat hepatoblasts led to the
identification of a subgroup of HCCs that resembled rat
hepatoblasts, designated “hepatoblast (HB) subtype” of
HCC". This HB subtype of HCCs was characterized by
the high expression of several HPC markers, such as CK7
and CK19. However, the expression of other known HPC
markers, such as alpha-fetoprotein and ABCB1%*] was
not different and was even lower, respectively, in HB sub-
type HCCs when compared to the “hepatocyte subtype”
of HCCs. Therefore, the exact relationship between HPCs
and this HB subtype of HCCs remains unclear. Remark-
ably, HB subtype HCCs consisted of tumors associated
with a very poor prognosis and the HB signature had a
very strong and independent prognostic power. Unfortu-
nately, direct application in clinical practice will not be pos-
sible because microarrays can not be performed in every
hospital and, more importantly, the method relies on unsu-
pervised clustering. This means that adding new HCCs to
the group most likely will alter the dendrogram and hence
also the subtype of several of the already included HCCs.
This effect has already been observed in breast cancer””,

COMBINED HEPATOCELLULAR-
CHOLANGIOCARCINOMA

Three subtypes of combined hepatocellular-cholangiocar-
cinoma (CHC) can be distinguished. The first type consists
of the so-called “collision tumors” and “double cancers”
in which the HCC and the cholangiocarcinoma compo-
nents are either completely separated or sharply demarcat-
ed from each other, indicating that these tumors arise from
the coincidental occurrence (and collision) of a HCC and
a cholangiocarcinoma[3l’32]. The possible HPC origin of the
independent components are discussed in the sections on
HCC and cholangiocarcinoma.

The second type of CHC represents tumors contain-
ing unequivocal (i.e. recognizable on a hematoxylin-eosin-
stained section) hepatocellular and cholangiocellular com-
ponents that are intimately admixed” . In almost all cas-
es, these tumors also show a variable amount of so-called
“transitional areas” that consist of immature-appearing
cells that have morphological and immunohistochemical
features of both hepatocytes and cholangiocytes[32’33’35]. The
cells in the transitional area sometimes resemble HPCs and
reactive bile ductules in the non-tumoral liver™> . Over-
all, this picture strongly suggests that the origin of these

tumors lies in a HPC that has undergone malignant trans-
formation while differentiating in both the hepatocytic
and biliary lineages. It is not completely excludable that the
cholangiocellular components are directly derived from the
hepatocellular components or vice versa, but this can not ac-
count for the presence of tumor cells with morphological,
immunohistochemical and architectural features reminis-
cent of HPCs and reactive bile ductules.

CHCs that consist (almost) completely of such transi-
tional areas and contain only very limited or no unequivo-
cal hepatocellular and cholangiocellular components have
been designated as “primary liver carcinoma of intermedi-
ate (hepatocyte-cholangiocyte) phenotype” and they are
thus also likely to have a HPC origin[37’38]. However, only a
few cases of this type of tumor have been desctibed, so it
is currently not clear whether this third CHC subtype has
clinical and prognostic features that are distinct from the
second subtype of CHCs.

In contrast, there exist several rather large studies (i.e.
at least 20 patients) on the clinicopathological features of
the second type of CHCs, including a comparison with
HCC and cholangiocatinoma””*?. Although the results
of these studies are conflicting regarding the associations
with cirrhosis and hepatitis B or C infection, there is a gen-
eral consensus that these CHCs are almost always invasive
and have a prognosis that lies in between that of HCC and
cholangiocarcinoma. A recent study has nicely revealed
that CHCs with an extensive cholangiocellular compo-
nent are more frequently invasive and metastatic to lymph
nodes and have a worse prognosis than those with a lim-
ited cholangiocellular componentm. So, it is the extent of
differentiation towards the biliary lineage rather than the
HPC origin as such that determines the specific prognostic
features of this type of tumor.

CHOLANGIOCARCINOMA

The issue of whether some cholangiocarcinomas could
arise from HPCs rather than from mature cholangiocytes
has not yet been investigated in detail. It has been shown
that cholangiocarcinoma can originate from HPCs in some
animal models™** and a considerable proportion of hu-
man cholangiocarcinomas express the neural cell adhesion
molecule, which is a marker for reactive bile ductules not
present in mature cholangiocytes“sl. However, more stud-
ies are needed before statements regarding the HPC origin
of cholangiocarcinoma can be made.

CONCLUSION

The available data strongly suggest that most CHCs
arise from HPCs. Furthermore, HPCs could also be
the basis of some HCCs and hepatocellular adenomas,
although it is very difficult to determine the origin of a
specific, individual HCC. There is currently not enough
data to make statements regarding a HPC origin of
cholangiocarcinoma. The presence of HPC markers
and the presence and extent of the cholangiocellular
component are factors that are related to the prognosis of

HCCs and CHC s, respectively.
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