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Abstract: One of mammalian organs that has remarkable ability to
regenerate, liver, regenerates through the proliferation of hepatocytes or
proliferation and differentiation of the stem cells resident. Some literatures
states that these stem cells, the Hepatic Progenitor Cells (HPCs), are oval
cells that have bipotential ability to be cholangiocytes and hepatocytes.
However, the mechanisms of programming, activation of proliferation and
maturation/differentiation have not completely understood. There are still
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criteria and concluded that the markers used to identify HPCs are a
combination of classic HPCs markers, i.e., oval cells (OV6 and OC2)
progenitor/immature cells (CD56, Oct-3/4, DLK1, EFNA1 and Chrom-A),
hepatocytes and cholangiocytes marker (Alb, AFP, CK7, CK8, CK18, CK19,
GGT, EpCAM, CD24 and CD44) and hematopoietic stem cells markers
(CD34, CD45, CD109, CD133, c-kit and Thy-1) since HPCs may share
similar lineage as hematopoietic stem cells, hepatocytes and cholangiocytes.
Precise markers for HPCs could not yet be determined; therefore, several
markers should be combined to identify the HPCs. Difficulties in finding
precise markers for HPCs might be caused by different expression of markers
based on the HPCs differentiation and maturity.

Keywords: Hepatic Progenitor Cells, Hepatocyte, Hepatoblast, Oval Cells,
Cholangiocyte, Hepatic Progenitor Cells Marker

though, the origin and relationship between them have
not yet been clearly understood. These cells are
described as oval shaped cells with oval nucleus and
high cytoplasmic nuclear ratio, which is also known as

Introduction

Liver has an outstanding ability to regenerate itself
through hepatocytes proliferation. The uniqueness of

liver regeneration is that the responsible cells to repair
the liver are differentiated cell, i.e., hepatocytes and
cholangiocytes, despite of its low of mitotic rate (Hu ef al.,
2007; Marongiu et al., 2014). Nevertheless, the
responsibility to restore liver mass is taken over by
Hepatic Progenitor Cells (HPCs) under certain condition
that deteriorates hepatocytes, such as in chronic liver
pathologic condition or severe loss of liver mass (70%
hepatectomy) (Mavila et al., 2014; Fausto, 2004). The
HPCs are assumed to be an embryonic residual from
embryonic hepatoblast that remain in adult liver; even

f% Science

Publications

oval cells (Hu et al., 2007).

Oval cells are bi-potent as they can differentiate into
hepatocytes (positive for Albumin and positive or negative
for AFP) and cholangiocytes (positive for CK19),
characteristics that are similar to embryonic hepatoblast
(Zhou et al., 2007; Mavila et al., 2014; Hu et al., 2007,
Romano et al.,, 2015). The cells serve as hepatic
progenitor cells in adult liver and display a highly
proliferative activity during chronic liver injury. They
were found both in rodent and human at Canal of Hering
alongside the portal triad (Mavila et al., 2014; Hu et al.,
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2007). Proliferation of oval cells starts after liver injury
or when hepatocyte function is impaired, as displayed in
animal model induced with 2-Acetylaminofluore
Followed with Partial Hepatectomy (2-AAF/PH). In the
model, proliferation of hepatocyte was inhibited by 2-
AAF; consequently, oval cells took the responsibility to
repair the liver after losing its mass by partial
hepatectomy (Paku et al., 2004; Darwiche et al., 2011).
Oval cells were also known to have proliferative
response to carcinogenic agents, although it has not been
proven yet whether oval cells have a role as cancer
progenitor cells. The activated hepatic progenitor cells
were expressed protein markers for progenitor/stem
cells, i.e. EpCAM, OV6, Prominin 1, CD49f and A6,
with AFP positive or negative. In this condition,
however, similar to the maturation and differentiation
process, it has not been agreed whether there are any
reprogramming of hepatocytes or not (Mavila et al.,
2014). In liver malignancy and chronic liver disease,
HPCs presented as Ductular Reactions (DR). Ductular
reactions is a response to chronic liver injury hence HPC
in Canal of Hering proliferate and form irregular shaped
structure existed in parenchymal-stromal boundaries
(Hu et al., 2007; Fausto, 2004; Zhou et al., 2007). Using
specific-lineage tracing system, Jors et al. (2015) found
that in its regeneration, biliary cells did not originate
from HPCs, but derived from adult biliary compartment.
This study implies that biliary progenitor cells (ductular
reactive cells/DRCs) do not have bipotential ability.
There are disagreements on the sources and
characterictics of HPCs, since their mechanisms of
programming, activation of  proliferation and
maturation/differentiation have not yet been completely
understood. It is still a question, why oval cells can only
be indentified in the event of a severe liver injury.
Consequently, specific markers are crucial in identifying
hepatic progenitor cells. Recently, many antibodies have
been developed to provide specific markers for HPCs;
however, these markers have not yet been generally
accepted. Therefore, a systematic review aimed to
explore various existing markers for hepatic progenitor
cells and their locations in liver tissues has been done.

Methods

Published researches were collected by searching
original research articles in Pubmed/Medline, Pubmed
Central and Cochrane library, while unpublished
research were obtained from database of Universitas
Indonesia library (http://www.lib.ui.ac.id). “Oval cell”
OR “hepatic progenitor cell” AND “marker” AND
‘liver” OR “hepar” were used as keywords. The
searching time was unlimited. Articles from writer’s
libraries were also added. Inclusion criteria and
exclusion criteria were applied in this study. Inclusion
criteria were for all studies that identified oval cells,
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used immunohistochemistry staining on 2AAF/PH rat
animal model for oval cell or liver malignancy (e.g.,
hepatocelullar carcinoma and hepatoblastoma) tissue.
Meanwhile, the exclusion criteria were for non
English written articles and in vitro studies. Collected
data were markers that were used to identify the oval
cells and the location of positive-stain oval cells. Data
were noted and tabulated.

Results

From the searching on November 23, 2016, 59
articles were collected. Majority of the articles were in
vitro studies; however, some of them did not investigate
HPCs in liver, 2AAF/PH rat animal model for liver
injury, or liver malignancy. After the writers ruled out
articles that did not meet the inclusion criteria, there
were only 12 articles left to be studied.

Markers that were used to identify Hepatic
Progenitor/oval Cells (HPCs) in previous studies are
presented in Table 1. It can be seen that a total of 23
different markers were used to identify HPCs. They
are markers for hepatocytes and cholangiocytes (Alb,
AFP, CK7, CK8, CK18, CK19, GGT, EpCAM, CD24
and CD44), hematopoietic stem cells (CD34, CD45,
CD109, CD133, c-kit and Thy-1) and classic markers
for oval cells and progenitor/immature cells (OV6,
0C2, CD56, Oct-3/4, DLK1, EFNA1 and Chrom-A).
In order to identify HPCs, combination of several
markers was used.

HPCs have bipotential ability to differentiate into
both hepatocytes and cholangiocytes. In Table 2,
expression  of  markers among  hepatocytes,
cholangiocytes and HPCs were compared. HPCs have
common markers with hepatocytes and cholangiocytes
but the expression is not precisely similar. Some
inconsistencies were found such as in expression of
AFP, CK7 and c-kit.

Distribution expression of each marker can be seen in
Table 3. HPCs are detected in Canal of Hering,
periportal region, bile epithelial duct, bile ductular cells
and single oval cell-like cells.

Discussion

Many studies used several markers to identify hepatic
progenitor cells. Several markers for Hematopoietic
Stem Cells (HSCs) have been proposed since those
markers positive cells were suspected as the origin of
hepatic progenitor cells. Li ez al. (2014) used 10 markers
to identify HPCs; eight markers for HPCs (Alb, AFP,
CK8, CK18, CK19, CD90, CD117 and OV6) and two
markers for HSCs (CD45 and CD109). The similarity of
HPCs and hepatocytes were confirmed. HPCs also
express cholangiocytes markers (CK19) moderately and
HSCs marker (CD45 and CD109) strongly.
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Table 1. Reported markers for hepatic progenitor/oval cell

Reference Positive-stained

Akiba et al. (2013) CD56, c-kit (CD117), CD133, EpCAM
Badrawy et al. (2013) OV6, AFP

Chen et al. (2015) OVe, CK19

Hao et al. (2013) EpCAM, CD133, AFP, EFNA1

Jia et al. (2013) oveé

Li et al. (2014) Alb, AFP, CK8, CK18, CK19, CD90, c-kit (CD117), OV6, CD45, CD109
Libbrecht et al. (2000) CK7, CK19, CK8, CK18, Chrom-A, OV6
Petersen et al. (1998) AFP, GGT, OV6, CK19, OC2, Thy-1
Van Den Heuvel et al. (2001) ove, CK19

Ye et al. (2014) EpCAM, OV6, CD133, c-kit (CD117)
Yun et al. (2013) CK19, Oct-3/4, EpCAM, DLK1

Yovchev et al. (2007) EpCAM, CD44, CD24, CD133

Table 2. Comparison of markers in hepatocytes, cholangiocytes and hepatic progenitor cells

Hepatocytes Cholangiocytes HPCs
OoVvé6 - + +
CD45 ++ ND ++
CD109 ++ ND ++
CK8 + ND ++
CK18 + ND ++
AFP - - +/-
Albumin + - +
CK7 +/- + +
CK19 - + ++
CD34 ND ND +
Oct-3/4 ND ND +
EpCAM - + +
c-Kit (CD117) - - +/-
CD133 + - +
Thy-1 - - +
DIk1 - - +
Chrom-A - ND +
ND = Not Determined; +/- = positive and negative
Table 3. Location of positive-stained marker for hepatic progenitor cell
Reference Marker Location of HPCs
Badrawy et al. (2013) oVveé Scattered bile duct lining cells in cirhosis hepatis
AFP Bile ducts or hepatic parenchyme adjacent to the duct
Chen et al. (2015) OVe6, CK19 Fibrous septum, duct-like structures surrounding the portal tract
and in fibrotic septa
Jia et al. (2013) oVvé6 Sinusoidal pole of hepatocytes, hepatic cord and bile duct cell in

the portal tract

Liet al. (2014) OVe6, CK8, CK18, CK19,

CD90, CD117, CD45,CD109 Canal of Hering and periportal areas
Van Den Heuvel et al. (2001) OV6, CK19 Bile epithelial duct, bile ductular cell, canal of Hering, single oval
cell-like cells located at the interface between portal mesenchyme
and hepatic parenchyma

Ye et al. (2014) EpCAM Cholangiocytes (canal of Hering, ductules and small and large bile duct)
OVe6 Adjacent to duct of marginal region
CD133 A few scattered hepatocyte

In addition, Ye et al. (2014) used four markers for
HPCs (EpCAM, OV6, CD133 and c-kit) and found
that HPCs express HSCs marker (c-kit and CD133)
and express biliary marker (EpCAM). Another HSCs
marker wused to identify HPCs was Thy-1
(Petersen et al., 1998).
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In further, Yovchev et al. (2007) found that oval
cells/HPCs express CD44, CD24, CD133 and EpCAM.
CD44, CD24 and EpCAM were expressed in HPCs and
biliary epithelial cells. During embryonic period, the first
main hematopoietic site is liver. It is assumed that there
is a trace of HSCs left in the adult liver (Petersen et al.,
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1998). Thus, HPCs possibly will express the same
markers as HSCs. By comparing trancription factors in
HPCs and HSCs, different expressions in both cells were
observed (Chen et al., 2013). Therefore, it is possible
that HPCs and HSCs share similar origin but are
differentiated into different lineage.

Meanwhile, oval cells in the adult liver express both
hepatocyte and cholangiocyte markers such as albumin,
GGT, CK7, CKI19 and EpCAM (Ye et al., 2014,
Petersen et al., 1998). HPCs express CK19 which is
positive in cholangiocytes but undetectable in
hepatocytes (Yun et al, 2013). Another study
suggested that HPCs express the same marker as
primitive bile duct cells of the ductal plate, AFP, but
have different phenotypic features from cholangiocytes
and hepatocytes. HPCs characteristic were in the
middle between those of stem cells and mature cells
(Van Den Heuvel et al., 2001; Petersen et al., 1998;
Li et al., 2014; Hao et al., 2013). This finding
suggested that HPCs have bipotential capacity to
differentiate into both cholangiocytes and hepatocytes.
HPCs also express the same markers as hepatoblast, such
as DLK1; even though, there has not been an agreement
for AFP expression. HPCs also express stem cells
markers such as oct-3/4 (Yun et al., 2013). Oct-3/4 is
expressed in cells that have pluripotency and has
important role in maintaining the pluripotency
(Okumura-nakanishi et al., 2005). This implied that
HPCs are young, developing cells (Yun et al., 2013).

In identifying HPCs, various markers are used.
Jia et al. (2013) identified oval cells in HCC using
classic marker for HPCs, i.e., OV6 antibody. OV6
positive cells were found in some locations, such as in
hepatic cords, undifferentiated cell at the sinusoidal end
of hepatocytes and in bile ductal cells in the portal
tract. Similarly, Ye et al. (2014) found that
OVo6positive cells similar to the oval cells adjacent to
ducts. Co-expression between OV6 and CKI19 were
also observed. These findings support the hipothesis
that oval cells and cholangiocytes derived from the
same lineage. The positive expression a were found in a
normal liver and an injured liver. Because OV6
identifies HPCs in normal and injured liver, OV6
marker cannot distinguish between normal and active
cells (Van Den Heuvel et al., 2001).

In further, Badrawy et al. (2013) used OV6 and AFP
to detect HPCs, since AFP can be used as a sign for an
initial hepatic lineage and stem cell activation. Another
marker that is also possible to be used as oval cells’
marker is CD56. The expressions of CD56 indicate
regenerative condition of liver cells and were found in
ductular cells and oval cells (Van Den Heuvel et al.,
2001; Akiba et al., 2013)). OC2 is the other traditional
marker that can be used for oval cells. Study shows that
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oval cells express both OC2 and OV6 were located in
periportal (Petersen et al., 1998; Faris et al., 1991).

Meanwhile, EFNAL is over expressed in tumor cells,
i.e., HCC and related to endothelial cell migration, tumor
progression, angiogenesis (Cui et al., 2010). Hao et al.
(2013) found expression of EFNA1 in ductular reaction
is correlated to AFP. EFNA1 expressions were stronger
than AFP, thus EFNAI can be used as HPCs.

The other marker that can be used to identify HPCs is
Chromogranin-A. Libbrecht et al. (2000) defined
progenitor cells in human and rat liver as small cells that
express CK7, CK19, CK8, CK18, OV6 and chrom-A.

HPCs share similar markers with hepatocytes and
cholangiocytes, but not identically. It is assumed that it
is because of the bipotential capacity of HPCs to
differentiate into both cells. The data also shows
inconsistency of some marker expressions such as AFP
and c-kit in HPCs that needed to be investigated further.
Various expressions of HPCs imply that the population
of progenitor cells are consisted of heterogenous cells or
cells with different maturity.

HPCs are detected in Canal of Hering, periportal
region, bile epithelial duct, bile ductular cells and single
oval cell-like cells. HPCs normally exist in a periportal
region are consisted of heterogenous cell population. In
the beginning of regeneration, HPCs are discovered in
the proximal branches of the biliary tree, comprising the
bile ductules and Canal of Hering.

Conclusion

This review describes a number of markers used to
identify hepatic progenitor/oval cells and the distribution
of markers expression in the liver. Markers that were
used to identify hepatic progenitor/oval cells are a
combination of classic HPCs markers (OV6 andOC2),
other HPCs markers (EFNA1, Chrom-A, CD56 and Oct-
3/4), hepatocytes and cholangiocytes marker (Alb, AFP,
CK7, CKS8, CK18, CK19, GGT, EpCAM, CD24 and
CD44) and hematopoietic stem cells markers (CD34,
CD45, CD109, CD133, c-kit and Thy-1),because HPCs
may share similar lineage as HSCs, hepatocytes and
cholangiocytes. The reason for various expressions
found in different studies of hepatic progenitor/oval cells
might be caused by different expression based on the
HPCs differentiation and maturity. Even though, the
roles of HPCs are important for liver regeneration, but
researchers have not yet agreed about the precise marker
for HPCs. The precise marker for HPCs will provide
better information of HPCs’ characteristics. Therefore,
precise marker for HPC is needed to be investigated in
further by investigating each marker’s expression and/or
its co-expression during liver development and in
specific time and condition that triggers proliferation of
HPC:s (i.e., liver injury or carcinoma).
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