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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide and is a main cause of cancer-
related death (1).

Stem cells have the highest potential for proliferation 
and possess a longer life span compared with their progeny 
(2,3). It has been suggested that stem cells have two unique 
properties that make them likely to be involved in cancer 
development (3). First, they are often in a tissue the only 
long-living cells that have the ability to replicate. Before a 
cell becomes cancerous, multiple mutations occurring over 
many years are necessary and it has been suggested that 
these long-living stem cells have the greatest opportunity to 
accumulate such cancer-inducing mutations while remaining 
viable (3). Second, through a process called self-renewal, 
stem cells generate new stem cells with similar proliferation 
and differentiation capacities. However, because the 

same self-renewal mechanism occurs in both normal and 
cancerous cells, it has been suggested that cancers arise 
either from normal stem cells or from progenitor cells in 
which self-renewal pathways have become deranged (3). 
In other words, cancer can be regarded as a disease of 
unregulated self-renewal (2-4). 

Stem cells exist in the hematopoietic system and in 
several other tissues and the delineation of their properties 
and genetic programs are now matters of the regenerative 
medicine. It’s well known that tumors may originate from 
the transformation of normal stem cells, and also within 
cancer cells it is possible to recognize “cancer stem cells”—
rare cells with indefinite potential for self-renewal—that 
drive tumorigenesis (5). 

Stem cells and hepatic proliferation

Since only proliferating cells can trigger a carcinogenetic 
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process, in the last years many studies have been published 
on the characteristics of such cells in the liver.

The liver has three cell lineages able to proliferate after a 
hepatic injury: 

(I) The mature hepatocyte, which proliferates after 
partial hepatectomy (PH) or centrolobular injury, 
such as that induced by carbon tetrachloride (CCl4), 
and dimethylnitrosamine (DEN);

(II) The ductular “bipolar” progenitor cell, termed 
oval cell, which responds to centrolobular injury 
when the proliferation of hepatocytes is inhibited, 
such as in case of N-2-acetylaminofluorene (AAF) 
administration; 

(III) The putative periductular stem cell,  which 
responds to periportal injury, such as that induced 
by allyl alcohol or observed in choline-deficiency 
or (fumarylacetoacetate hydrolase deficent) Fah–/– 
mice models (see below in text).

Hepatocytes can only produce other hepatocytes whereas 
ductular progenitor cells are considerate bipolar since they 
can give rise to biliary cells or hepatocytes (6). 

Periductular stem cells are rare in the liver, have a very 
long proliferation potential, and may be multipotent, 
being this aspect still under investigation. They originate 
in the bone marrow since their progeny express genetic 
markers of donor hematopoietic cells after bone marrow 
transplantation (7). 

Thus, experimental models of liver injury and of 
hepatocarcinogenesis may call forth a cellular response 
at different levels in the hepatic lineage (heterogeneity), 
having these cells different potential to form cells of other 
types (plasticity) (6).

Since the liver is the hematopoietic organ of the fetus, 
it is possible that hematopoietic stem cells may reside in 
the liver of the adult. This assumption is proved by the 
finding that oval cells express hematopoietic markers like 
CD34, CD45, CD109, Thy-1, c-kit, and others, which 
are also expressed by bone marrow-derived hematopoietic 
stem cells (7). Hence, oval cells might be candidate progeny 
of hematopoietic stem cells in the liver, which has been 
shown in cross-sex or cross-strain bone marrow and whole 
liver transplantation experiments using a mouse model 
of 2-acetylaminofluorene/CCl4 intoxication (8). In such 
models the conversion of bone marrow-derived cells to oval 
cells has been observed but the functional repopulation 
capacity of the hepatocytes derived was rather low (8). In 
addition, the responsiveness of oval cell CXCR4 receptor to 
the stromal-derived factor 1a (SDF-1a) after a hepatic injury 

further supports the demonstration that oval cells descend 
from bone marrow-derived hematopoietic stem cells (9).

However, using three different models of oval cell 
activation in the rat, (D-galactosamine, retrorsine/partial 
hepatectomy, and 2-acetylaminofluorene/partial hepatectomy) 
no transdifferentiation of bone marrow-derived cells to oval 
cells was observed (9). Hence, in most of the animal models 
investigated till now, functional repopulation of the host liver 
by transplanted hepatocytes differentiated from hematopoietic 
stem cells is marginal. For instance, in the Fah–/– deficient 
mouse model, repopulation of a host liver by transplanted 
bone marrow stem cells (BMSCs) was nearly as efficient 
as with adult hepatocytes (10). Yet, hepatocytes were not 
transdifferentiated from BMSCs, but were a fusion product of 
host hepatocytes and marrow-derived cells (11,12). Recently, 
hematopoietic myelomonocytic cells have been identified as 
the major source of the host hepatocyte fusion partners (13,14). 

In addition to hematopoietic stem cells, rodent and human 
bone marrow harbors CD34- and CD45-negative cells of 
mesenchymal origin, capable of multiple differentiation, 
which can be propagated in vitro and differentiate into 
cells with mesodermal or endodermal phenotype (15). 
These cells, termed mesenchymal stem cells (MSCs), if 
transplanted, lead to engraftment of different organs and 
differentiation into organ-specific cell types (16). Evidences 
suggest that a subpopulation of MSCs, the multipotent 
adult progenitor cells (MAPCs), could have hepatogenic and 
biliary differentiation potential, though in vivo hepatic tissue 
repopulation still awaits proof (17).

Studies in vitro have shown that human MSCs from 
bone marrow gained the characteristic morphology and 
selected functions of hepatocytes such as glycogen storage, 
urea synthesis, and activation of hepatocyte-specific gene 
promoters (18). A typical mesenchymal marker set is 
expressed in undifferentiated MSCs comprising CD13, 
CD29, CD44, CD54, CD90, CD105, and CD166 but 
lacking hematopoietic markers such as CD14, CD34, and 
CD45 (18). Through the hepatocytic differentiation in vitro, 
morphology from a fibroblastoid changed into a polygonal 
shape typical for hepatocytes and increased expression 
of functional hepatocyte markers like the periportal 
and perivenous marker enzymes phosphoenolpyruvate 
carboxykinase and glutamine synthase, respectively, as well 
as expression of the plasma protein alpha-1 antitrypsin (18). 

Hence, there is increasing evidence that both hepatocytes 
and cholangiocytes are the final result of a progeny 
constituted by bipotent committed progenitor cells. It would 
be important to understand whether the heterogeneity of 
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the ductular reactions appearing in the human liver after 
different kinds of injury (intoxication, viral infections or 
biliary obstructions) represents a differential answer of one 
type of stem cell to different challenges or the response of 
different types of stem cells or even different stem cell niches 
(19,20).

However, even if basic understanding of the cellular 
and molecular mechanisms of hepatocyte stem cell 
differentiation is emerging, it is still necessary to investigate 
the basic principles of hepatocyte regeneration deriving 
from stem cells both of hepatic and non-hepatic origin, in 
order to promote cellular integration and functional hepatic 
repair in therapeutic approaches. 

Stem cells involved in liver physiopathology are listed in 
Table 1.

Stem cells and tumors

Stem cells are organized in niches where they are present 
in small numbers and in a quiescent state with a very slow 
rate of division (21,22). The division of stem cells produces 
one identical quiescent daughter cell and a transient 

amplifier cell that has a limited life span and is responsible 
for the subsequent cell divisions (22). The maintenance of 
a relatively inactive state is believed to depend on the stem 
cell niche and is necessary to protect their genome from 
mutations and avoid their overgrowth (Figure 1). 

The concept that stem cells have a role in tumorigenesis 
is based on recent observations. Tumors are a heterogeneous 
mixture of tumor cells at various levels of differentiation, 
similar to the structure of an organ. This fits with the 
observation that most cancers comprise a heterogeneous 
population of cells that have undergone varying degrees 
of differentiation. In vivo and in vitro tumor studies have 
demonstrated that only a small fraction of cells within 
a tumor possess self-renewal capacity (23,24). This was 
proved, for the first time, by Dick et al. that demonstrated 
the presence of cells within the tumor with the capacity 
to reconstitute the tumor when transplanted into an 
appropriate recipient (differentiation) through several 
rounds of transplantation (self-renewal). The identification 
of tumor cell subpopulations with stem cell properties 
within breast tumors, gliomas, melanoma, prostate cancer 
and osteosarcoma confirms the “cancer stem cell (CSC) 

Table 1 Stem cells involved in liver physiopathology

Stem cell Markers Origin Location Stimulus

Periductular Thy1, NCAM Bone marrow Peri-bile ducts Periportal injury (allyl acid)

Oval cells CD34, CD45, CD109, Thy-1, c-kit Liver Ductular Centrolobular injury (acetylaminofluorene)

Mesenchymal CD13, CD29, CD44, CD54, CD90, 

CD105, CD166

Bone marrow Still needs proof Unknown

Liver cancer CD133, EpCAM, ABCG2 Unclear Unclear Oncogenic stimuli

Stem cell 
in the niche

Mantenance of stem 

cell pool by selfrenwal

Progenitor cell

Stem cell activation 

and proliferation

Progenitor cells 
(committed)

Lineage commitment

Mature cells 
of tessue

Maturation 

Hepatocytes and Colangiocytes

Figure 1 Physiology of stem cells and their differentiation.
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hypothesis” (25-31). Furthermore, conventional anti-cancer 
therapies targeting dividing cells may substantially reduce 
tumor bulk but rarely prevent tumor re-growth presumably 
because they are not able to destroy cancer stem cells.

Recent studies have identified promoters involved in self-
renewal mechanism of CSCs such as Nanog, SOX2, Bmi. 
They might provide information on behavior of tumors, 
leading to a new strategy for targeting CSCs (32,33).

Hepatocarcinogenesis from stem cells

Recent evidences suggest the existence of liver cancer stem 
cells (LCSCs), but their origin is still unclear. There are 
two main hypotheses to explain the origin of LCSCs: the 
dedifferentiation of mature hepatocytes and the maturation 
arrest of liver stem cells. Early studies in rat models mainly 
focused on premalignant foci and nodules supported the 
dedifferentiation hypothesis (34,35).

However, this hypothesis has been challenged by 
subsequent researches. At present, it is commonly believed 
that liver stem/progenitor cells are the potential source 
of HCC, intrahepatic cholangiocarcinoma, combined 
hepatocellular cholangiocarcinoma and cholangiolocellular 
carcinoma (36-41). 

In order to study the effect of oval cells upon tumorigenesis, 
de Lima et al. established a rat model of non-alcoholic 
steatohepatitis (NASH), cirrhosis and HCC, showing that oval 
cells could proliferate in this model and that these cells may 
be the origin of malignancy (42). In another model (the Solt-
Farber carcinogenic model), hepatic progenitor cells, identified 
by the expression of glypican-3 (GPC3), were shown to play 
an important role in hepatic carcinogenesis (43).

It is observed that 55% of small cells in dysplastic foci, 
the earliest premalignant lesions in human HCC, consist of 
progenitor cells and intermediate hepatocytes (44).

In order to isolate LCSCs from HCC tissues, several 
biomarkers have been identified, including CD133, EpCAM 
and ABCG2 (45). 

Among these markers, main role has been identified in 
CD 133, as shown in a severe PH model (45). Using this 
model, the mouse homologue of CD133 Prominin-1 was 
identified as the second most highly up-regulated gene after 
alphafetoprotein (AFP) in liver regeneration (45). CD133, a 5 
transmembrane domain cell-surface glycoprotein, is regarded 
as an important marker for the identification and isolation 
of primitive stem/progenitor cells in both hematopoietic 
and non-hematopoietic tissues. It was originally found on 
hematopoietic stem cells and hematopoietic progenitor cells 

deriving from human fetal liver, bone marrow, and peripheral 
blood (46). Recently, it has been suggested that stem/
progenitor cells expressing CD133 isolated from the bone 
marrow are able to repopulate up to 10% of the normal liver 
when transplanted (46). 

Role of BMSCs in the hepatocarcinogenesis

The putative oncogenicity of BMSCs has been demonstrated 
by several studies: Murata et al. reported that BMSCs are a 
type of progenitor cell of malignant fibroma (47). Moreover, 
BMSCs may be the origin of Ewing tumor cells (48) and can 
be involved in breast cancer (49,50).

BMSCs seem to contribute to oncogenesis via two 
mechanisms: first, inducing angiogenesis by secreting pro-
angiogenic factors and differentiating into endothelial-
like or pericyto-like cells (51); second, in the tumor 
microenvironment they produce immunosuppressive factors 
to inhibit the proliferation of immunocytes and block the 
antigen-presenting process, thus allowing tumor cells to 
escape from immuno-surveillance (52). 

BMSCs play a putative role in many aspects of tumor 
microenvironment. In the last years in fact, microenvironment 
surrounding HCC cells have been extensively studied as an 
important cofactor for tumor growth and aggressiveness (53). 

Among the most  invest igated aspects  of  HCC 
microenvironment there are the control of angiogenesis 
(by means of VEGF expression), production of chemokines 
(such as CXCL12, CX3CL1, CCL20), regulation of 
Hypoxia induced factor-1 (HIF-1), a major transcription 
factor that regulates the expression of several genes with 
critical roles in angiogenesis, immune evasion, invasion and 
metastasis (53-55). 

Moreover, other aspect are under investigation: in 
fact, overproduction of ROS provokes nitrosative and 
oxidative stress through interaction with DNA, RNA, 
lipid and proteins, leading to an increase in mutations, 
genomic instability, epigenetic changes, and protein 
dysfunction (53). Autophagy, a catabolic process up-
regulated under metabolic stress conditions, is induced in 
tumor microenvironment. Stromal components are exposed 
to oxidative stress conditions induced by cancer cells that 
together with hypoxia induce autophagy (56). Autophagy 
in the tumor stroma acts as a pro-survival mechanism that 
generates energy able to fuel cancer cells alleviating the 
metabolic imbalance and promoting their survival (53-56). 

On the other hand, a number of studies have demonstrated 
a non-univocal role of BMSCs in several tumoral diseases. 
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Cogle et al. showed that BMSCs do not contribute to skin 
cancer (57). In particular, they studied epithelial neoplasias 
found in patients after hematopoietic cell transplantation 
and demonstrated that human marrow incorporates into 
neoplasias by adopting the phenotype of the surrounding 
neoplastic environment, a process known as “developmental 
mimicry” (57). 

Few studies have evaluated the role of BMSC in 
hepatocarcinogenesis so far. Kubota et al. have shown that 
bone marrow-derived cells fused with hepatic oval cells are 
not involved in hepatic tumorigenesis in the choline-deficient 
ethionine (CDE) supplemented diet rat model (8). This type 
of diet induces preneoplastic nodules and hepatocellular 
carcinoma derived from oval cell progenitors; they have 
concluded that fused oval cells and BMCs might not have 
malignant potential in the CDE-treated rat model (8).

Moreover, Ishikawa et al. using a chemically induced 
cancer model in rodents, did not find any participation of 
BMSCs in hepatocarcinogenesis (58). 

Several injured liver models have shown that the 
inflammatory mediators (chemokines, cytokines, and 
adhesion molecules) participate to the mobilization of 
BMSCs and their migration and homing into the liver (59-61). 
Due to the well-known carcinogenetic role of inflammation 
(62,63), a common pathway between the two factors (BMSCs 
and inflammation) can be argued and such a finding has 
been confirmed by recent studies conducted in chemically or 
genetically induced HCCs (64-66). 

In a recent study we evaluated the possibility that 
bone marrow-derived stem cells could participate to the 
neoplastic growth in the hepatitis B virus (HBV) transgenic 
mouse model of hepatocarcinogenesis described by Chisari 
et al. (67). In this model hepatocytes develop progressive 
damage and inflammation, due to intracellular accumulation 
of HBsAg protein (68).  Such condition induces a 
compensatory proliferative reaction that involves not only 
hepatocytes but also small basophilic hepatocytes, bile duct 
cells, and oval cells. This complex of alterations leads to the 
development of dysplastic lesions, which progresses to liver 
cancer (68). 

In our experiment, female HBV transgenic mice were 
sublethally irradiated and transplanted with bone marrow 
cells obtained from age-matched, wild type male mice. The 
fate of bone marrow cells was followed through the detection 
of the Y-chromosome. Finally, to characterize the cells within 
the liver tissues was used HBs-Pr and HBsAg encoding gene 
(HBs-Eg) which accumulates respectively into the cytoplasm 
and in the nucleus of “normal” female hepatocytes but not in 

neoplastic cells, and the hepatocyte lineage marker hepatocyte 
nuclear factor 1 (HNF1) (67). Finally, Y-chromosome-
positive cells were always found in “normal” or regenerative 
areas and were never localized in neoplastic foci/nodules 
(HBs-Pr/HBs-Eg-negative). Simultaneous detection of both 
Y-chromosome and HBs-Eg in the nucleus of an HNF1-
positive cell (hepatocyte) demonstrates a phenomenon of 
cell fusion. In conclusion our experiment demonstrates that 
BMSCs participate in the hepatic regenerative process but 
not in neoplastic growth (67).

Conclusions

The oncogenetic role of BMSCs in inducing HCC 
has not been completely explained yet. In particular, 
several controversies on their direct participation in 
hepatocarcinogenesis remain. Further studies in vitro and 
in vivo are warranted in order to definitively clarify such an 
issue. 
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