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Liver is a unique mammalian organ with a great capac-
ity of regeneration related to its function. After surgical
resection or injury, hepatic cells, especially hepatocytes,
can proliferate rapidly to repair the damage and to re-
generate the structure without affecting the function of
the liver. Loss of catalase activity during regeneration
indicates that oxidative stress is present in the liver not
only in pathological conditions but also as a “physiologi-
cal” factor during regeneration. As we have shown in
our previous work, liver stem cell-like cells treated with
4-hydroxynonenal (HNE), a cytotoxic and growth regulat-
ing lipid peroxidation product, recover in the presence
of spleen cells. In the current study we characterized this
novel cell line as liver-derived progenitor/oval-like cells,
(LDP/OCs), i.e. functional liver stem-like cells. We showed
that LDP/OC were OV6 positive, with abundant glycogen
content in the cytoplasm and expressed a-fetoprotein,
albumin, biliverdin reductase and y-glutamyl transferase.
Also, we compared their growth in vitro with the growth
of cultured primary hepatocytes stressed with HNE and
co-cultured with autologous spleen cells. The influence
of spleen cells on HNE-treated primary hepatocytes and
on LDP/OCs showed that spleen cells support in a similar
manner the recovery of both types of liver cells indicat-
ing their important role in regeneration. Hence, LDP/OC
cells may provide a valuable tool to study cell interac-
tions and the role on HNE in liver regeneration.
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INTRODUCTION

Since the ancient myth of Prometheus the liver and
its ability to regenerate have engaged human imagination.
Today, liver diseases have a strong impact on morbid-
ity and mortality in the wortld (Bauer e al, 2005). Re-
markably, after surgical resection or injury, liver cells can
proliferate rapidly to repair the damage and to regenerate
the liver (Michalopoulos & DeFrances, 1997). During re-
generation, a population of hepatocytes appears devoid
of catalase activity in peroxisomes (Okiawa & Novikoff,
1995). This specific population of hepatocytes declines
after complete restoration of the liver mass, but their ex-
istence indicates that oxidative stress is present not only

in pathological conditions but also as a “physiological”
factor during regeneration.

When hepatocytes are unable to divide and replace
damaged tissues, a subpopulation of liver cells denoted
“oval cells” or “hepatic progenitor cells” is triggered to
proliferate and regenerate severely damaged liver (Micha-
lopoulos & DeFrances, 1997). Activated oval cells under-
go proliferation, migration and differentiation into both
hepatocytes and biliary cells (Alison es a/, 1998; 2001).
In rodents, oval cells also have the lineage potential of
uncommitted gastrointestinal stem cells (Alison & Sarraf,
1998). Oval cells share the gene expression profile with
other cells resident in the liver. Oval cells are known to
express a-fetoprotein (AFP) and y-glutamyl transpepti-
dase (GGT) like fetal hepatoblasts, but they also express
oval cell antigen 6 (OVG) like biliary epithelial cells. It
has been reported that oval cells also share some hemat-
opoietic stem cell markers such as thymus cell antigen 1
(Thyl, CD90), c-kit, and cluster domain 34 (CD34) (Ali-
son e al, 2004). These data strongly suggest that oval
cells are precursor cells for a heterogeneous population
of cells and could play a crucial role in liver regenera-
tion after various damaging conditions. Possible applica-
tion of these cells includes their use in transplantation.
Yet, models have to be developed to ensure the safety
of application in humans. Therefore, several cell lines
described as “liver-derived progenitor cells” (Spangoli e#
al., 1998; Fougere-Deschatrette e al, 2006; Duret e al.,
2007) have recently been isolated and described.

Among hepatotoxic conditions oxidative stress and
in particular lipid peroxidation play a very important
role (Poli et al., 1987). Reactive oxygen species (ROS),
generated in excess under stressful conditions, damage
bioactive macromolecules, nucleic acids, proteins and
lipids, affecting the structure and function of the liver
cells. Biologically, one of the most intriguing products
of lipid peroxidation is #rans-4-hydroxy-2-nonenal, HNE,
a major bioactive marker of lipid peroxidation (Zarko-
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vic, 2003) also denoted as a “second messenger of free
radicals” (Esterbauer es al, 1991; Zarkovic et al, 1993;
1999). HNE is not only cytotoxic, but also acts as a
growth regulating factor (Kreuzer ef al, 1998; Zarkovic,
2003). HNE regulates cell proliferation and differentia-
tion by interacting with various signal kinases, such as
protein kinase C (PKC), mitogen-activated protein ki-
nases (MAPKSs) (Leonarduzzi e al, 2004), and also
with enzymes like glutathione-S-transferase and glutath-
ione reductase (Awashti ef a/, 2003). In low concentra-
tions HNE can induce defense mechanisms by activat-
ing AP-1 and Nfr2 transcription factors (Uchida e al,
1999; D’Archivio et al, 2008). Taking together all these
activities, HNE acts on signal transduction pathways and
transcription factors promoting detoxification and cell
growth.

In our previous work we have shown that a cell line
derived from liver damaged by HNE (Cipak et /., 2005),
recovers in the presence of spleen cells, which migrate
as inflammatory cells to the damaged liver and affect its
regeneration. In this report, the aim was to characterize
a cell line derived from liver and to evaluate the effects
of exposure to HNE and of spleen cells on the cells of
liver origin, which should eventually help to clarify liver
regeneration mechanisms.

MATERIALS AND METHODS

Cell cultutes. LDP/OC cells. A livet-detived pro-
genitor/oval-like cell line (refetred to as LDP/OC) was
isolated as described previously (Cipak e al, 2005).
Briefly, liver was minced by pushing through a 10 ml sy-
ringe and put in a beaker on ice for 5 min to allow large
particles to settle. The supernatant was removed using a
22-gauge needle syringe and passed through sterile gauze
into test tubes. The tubes were spun at 150 Xg for 10
min, the supernatants discarded and the pellets resus-
pended. All visible clumps were removed using a Pasteur
pipette so that the cells were dispersed as a single-cell
suspension. The primary culture of liver cells was culti-
vated in RPMI 1640 medium supplemented with 20%
(v/v) fetal calf serum (FCS, Setva, Germany) at 37°C in
a humidified air atmosphere with 5% CO,.

Primary hepatocyte culture. Female Fischer rats
(strain I 344) weighing approx. 140 g were housed in
hanging cages in a temperature (22°C+2°C) and humid-
ity (65% £10% relative humidity) controlled room with
a 12h light-dark cycle. Food and water were provided ad
libitum. Sawdust served as bedding material. The animals
were allowed to acclimatize for at least two weeks prior
to hepatocyte isolation.

Hepatocytes were isolated by the 7 situ two-step colla-
genase perfusion technique as described before (Michalo-
poulos ef al., 1982). Hepatocytes were plated as described
before (Eckl et al, 1987) in serum free Minimum Essen-
tial Medium (MEM) containing 1.8 mM calcium supple-
mented with pyruvate (1 mM), aspartate (0.2 mM), serine
(0.2 mM) and penicillin (100 U)/streptomycin (100 ng/
mL). The cultures were incubated at 37°C, 5% CO, and
95% relative humidity. After an incubation period of 3h,
the medium was exchanged with fresh MEM and the
cultures were returned to the incubator.

Spleen cell culture. Spleen cells used in the experi-
ments originated from the same animal as the liver cells.
Spleens were pressed through a sterile mesh which gen-
erated single-cell suspension. The spleen cell suspension
was stained with Turk stain for leukocytes (Kemika,

Croatia), counted and diluted with RPMI to the desited
cell density.

Glycogen staining. The content of stored glycogen
in LDP/OC cells was determined by the Periodic Acid—
Schiff with diastase digestion (PAS-de-PAS) technique.
Diastase (or a-amylase) acts on glycogen to depolymer-
ize it into smaller sugar units, maltose and glucose, that
are washed out of the section. Briefly, cell smears were
made on glass slides, air-dried for one hour and subse-
quently fixed in 4% paraformaldehyde at room temp. for
15 min as described before (Kulkarni & Khanna, 2000).
Slides were then stained with the PAS stain. Slides were
oxidized with 0.5% periodic acid for 5 min, rinsed with
distilled water for 5 min and treated with Schiff’s reagent
for 15 min. After rinsing in lukewarm tap water for 5
min, slides were counter stained with Mayer’s hematoxy-
lin stain and washed in tap water for 5 min. Slides were
then dehydrated, covered with cover slip using a synthet-
ic mounting medium and observed under a light micro-
scope. The specificity of the PAS detection for complex
sugars, among which is glycogen, was confirmed by a
control treatment of the slides with diastase (1 mg/mL)
for 15 min before PAS staining.

Immunogold labeling of OV6. To determine the
presence of OVG6 antigen, a marker of oval cells, puta-
tive stem cells that differentiate into multiple cell types
in the liver (Dollé e al, 2010), immunoelectron micro-
scopy was used. LDP/OC cells were placed in fresh
fixative (mixture of glutaraldehyde/paraformaldehyde in
cacodylate buffer) overnight at 4°C. The cells were then
washed in cacodylate buffer, postfixed for 1h at room
temp. with 1% osmium tetroxide (Sigma, USA), dehy-
drated through a graded series of acetones, infiltrated
with and embedded in epoxy resin. Ultrathin sections
(90 nm) were cut with a diamond knife on a Reichert
ultramicrotome. Sections were mounted directly on mesh
nickel grids and immunogold labeling was done as de-
scribed before (Zivkovic ez al., 2005). Monoclonal mouse
anti-human/rat OVG6 antibody (R&D Systems, USA) was
used as the primary antibody at a concentration of 10
pg/mL. After labeling the primary antibody with colloi-
dal gold-conjugated rabbit anti-mouse antibody (Dako,
Denmark) sections were counterstained with uranyl ac-
etate (Agar, England) and Reynolds lead nitrate solution
and analyzed by electron microscopy (Morgagni 268D,
Philips).

Protein isolation and dot-blot analysis of OV,
CD34 and Thyl. As it has been reported that oval
cells express hematopoietic stem cells markers such as
Thyl and CD34, together with oval cell marker OV,
their expression was analyzed in LDP/OC cells by the
dot-blot staining using the LSAB (Labeled StreptAvidin-
Biotin, Dako, Denmark) method. The cells were washed
and 5X10° cells were resuspended in 500 pl lysis buffer
(50 mM Tris base, 150 mM sodium chloride, pH 7.5,
1% Triton-X-100, 0.5% Na-deoxycholate, 0.1% SDS, 1
mM PMSF, phenylmethylsulfonyl fluoride). For dot-blot
analysis 60 pL. of protein extract was spotted onto ni-
trocellulose membrane (Amersham). The membrane was
incubated in blocking solution (1% nonfat milk powder
in PBS) at room temp. for 60 min and subsequently in-
cubated overnight with mouse monoclonal antibodies
directed against human/rat OV6 (1:40 in 0.01% BSA
in PBS; R&DSystems, USA), mouse polyclonal antibod-
ies directed against CD34 (1:100 in 1% BSA in PBS;
Santa Cruz, USA), and goat polyclonal antibodies di-
rected against Thyl (1:100 in 1% BSA in PBS; Santa
Cruz, USA). Blots were then washed and incubated with
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Table 1. Primer sequences, annealing temperatures and expected size of amplified products for PC

cultures with liver cells.
Immediately after plating,

Annealing

and after 24, 48 or 72h

Gene  Primer (forward/reverse) temperature No. cycles Product size (bp) a]iqu_ots of 50 },LL cell sus-
- pension were mixed with
ALB w  AAGGCACCCCGATTACTCCG 61°C 42 649 50 pL Trypan Blue, and
rv  TGCGAAGTCACCCATCACCG counted in a Biirker Tiirk
AFP fw  CAGGAGGAAGAAAGGACAAAAAA  57°C 35 106 Chabrf‘ber ﬁo detirmlze the
rv.  ATTCCTAAGGCATAGAAATCCCA viable cell number duting
experiment. Results were
BCL2  fw  TCGCTCTGTGGATGACTGA 63°C 38 380 expressed as  percentage
rv  TTTGCCTGAATGTGTGTGTG of the cell count obtained
immediately after plating.
BLVRA fw  CGTGGAACTCTTGATGGA 59°C 38 516
rv CACTTCTTCTGGTGGCAA Primary  hepatocyte
] culture. To determine
GGT1 fw  AGAGTTCAGCGGGAGACA 59°C 38 520 th " £ mitoti
W GGTGCTGTTGTAGATGGTGA ¢ percentage of mitotic,
apoptotic and  necrotic
MYC  fw  CATCTGCGATCCTGACGAT 59°C 38 450 cells by DAPI staining,
v GGGTTGCCTCTTTTCCACA isolated hepatocytes were
incubated with 10 puM
ACT  fw  ATGTACGTAGCCATCCAGGC 57°C 38 216 HNE for 3h approx. 17h
rv TGTGGTGGTGAAGCTGTA after the first exchange of

ALB, albumin; AFP, a-fetoprotein; BLVRA, biliverdin reductase A; GGTI, y-glutamyl transpeptidase 1;

ACT, B-Actin; fw, forward; rv, reverse

Link reagent (LSAB kit, Dako, Denmark) for 30 min,
followed by streptavidin-HRP (horseradish peroxidase)
(LSAB kit, Dako, Denmark) for another 30 min. Immu-
nocomplexes were visualized using 3,3'-diaminobenzidine
tetrahydrocloride (Dako, Denmark) staining and scanned
for quantification of signals. Negative controls were in-
cluded in all experiments in which the antibody tested
was omitted and replaced by diluent (1% BSA in PBS).

RNA extraction and RT-PCR. Total RNA was ex-
tracted from LDP/OC cells using RNA Bee reagent ac-
cording to the manufacturer’s instructions (Biogenesis
Ltd., Poole, England) and purified using Qiagen RNe-
asy® Mini Kit with on-column DNase digestion accord-
ing to manufacturet’s instructions (Qiagen, Valencia, CA,
USA). RNA quality, purity, and integrity were verified
by absorbance at 260 and 280 nm and agarose (1%) gel
electrophoresis.

Purified RNA was converted to c¢cDNA using an
oligo(dT),, primer (Roche), 0.5 mM dNTP, 20 U RNase
Inhibitor (Roche), 1X incubation buffer (supplied with
AMV RT) and 40 U AMYV reverse transcriptase (Roche)
at 65°C for 10 min and at 42°C for 1h. The PCR re-
action was done in 25 pL reaction mixture containing
dNTPs (50 pM each), 1.5 mM MgCl,, 50 mM KC,
10 mM Tris/HCl (pH 8.3), 6 pmol of each primer (Ta-
ble 1) and 0.25 U of Tag polymerase (TaKaRa). The pa-
rameters were 94°C for 2 min, 94°C for 30s, annealing
temperatute specific for each primer set (albumin (ALB),
a-fetoprotein  (AFP), BCL2, biliverdin reductase a
(BLT'RA), y-glutamyl transferase (GGTT), MYC and B-
actin (ACT) (Table 1)) 72°C for 30s, for a total number
of cycles indicated in Table 1 for each gene. The PCR
products were electrophoresed through 1% agarose gel
and stained with ethidium bromide (0.5 pg/mL).

Experimental conditions. LDP/OC cells. LDP/
OC cells were counted and 5X 105 cells were incubat-
ed in RPMI, 5% FCS with or without 100 uM HNE
at 37°C for 30 min. After treatment, liver cells were
centrifuged, diluted and plated for the experiments. The
spleen cell suspension was counted, diluted to a 1:40
ratio (liver to spleen cell co-cultures) and plated in co-

the medium. Thereafter,
the medium was replaced
by the spleen cell suspen-
sion to yield a hepatocyte:
spleen cell ratio of 1:40,
or by plain medium. Epidermal growth factor, EGF (40
ng/mL) and insulin (90 mg/ml) were added to stimu-
late hepatocyte proliferation. After an incubation period
of 48h cells were washed and fixed with methanol: gla-
cial acetic acid, 3:1 (v/v). After fixation, cells were air
dried, washed with Mcllvaine buffer, and incubated with
DAPI for 60 min. DAPI solution was discarded, and
samples were washed with Mcllvaine buffer and distilled
water and air-dried. Analysis of necrotic, apoptotic and
mitotic cells was done under a fluorescence microscope
(Leitz Aristoplan). Since exact quantification of apoptotic
events is not possible by use of electrophoretic methods
(DNA-laddering), and the TUNEL assay fails to discrim-
inate between apoptotic and necrotic cells in hepatocytes
(Grasl-Kraupp et al, 1995), the morphology of DAPI
stained nuclei was used to unequivocally discriminate be-
tween apoptosis (crescent-like condensed or fragmented
chromatin) and necrosis (small, pyknotic nuclei reveal-
ing highly condensed chromatin) as suggested previously
(Obethammer ef al, 1992). This method has a further
advantage that the frequency of apoptotic, necrotic and
mitotic events as well as micronuclei can be determined
in parallel in a single culture.

Statistical analysis. All experiments were performed
in quadruplicates. Statistical analyses were performed us-
ing the Student’s ~test. Values of P<0.05 were consid-
ered significant.

RESULTS

Characterization of the liver-derived cell line LDP/OC

The expression profile of the novel LDP/OC cell
culture is shown in Table 2. LDP/OC cells were ana-
lyzed for gene expression which showed the presence of
a-fetoprotein (AFP), albumin (ALB), biliverdin reductase
(BLVRA) and y-glutamyl transferase (GGT1), and also
abundant presence of MYC (Fig. 1).

Dot-blot analysis was also used for determination of
CD34, Thyl and OVG6. Staining for the CD34 and Thyl
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Table 2. Expression profile of LDP/OC cell culture compared to
expression profiles of oval cells, hepatoblasts, and hepatocytes

Oval Cell Hepatoblast LDP/OC  Hepatocytes
AFP + + + -
ALB + + + +
BLVRA ? ? + +
CD34 + + - -
GGT1 + + + -
Glycogen ? ? + +
Oveé + + + -
Thy1 + + - -

antigens was negative (Fig. 1). The absence of CD34 and
Thyl indicates that the cells could display characteristics
of mature hepatocytes, which was confirmed by abun-
dant presence of glycogen in most of the cells (Fig. 1).
On the other hand, dot-blot analysis of OV6 showed
weak positivity compated to the negative control without
primary antibody. For this reason, OV6 was also detect-
ed by immunoelectron microscopy (Fig. 2). Immunogold
staining of the LDP/OC cells showed a dispersed dis-
tribution of the OV6 antigen throughout the cytoplasm.

Effects of spleen cells on the viability of LDP/OC cells

LDP/OC cells increased the viable cell number in
culture during 3 days regardless of spleen cell presence
(Fig. 3). Treatment with HNE significantly decreased vi-
able cell number (P<0.001) in all time points measured.
Interestingly, when LDP/OC cells wete treated with
HNE and cultivated in the presence of spleen cells, the
number of viable LDP/OC cells increased on the 3rd

day of experiment. Stll, the number of viable LDP/
OC cells was significantly lower compared to LDP/OC
cells without HNE treatment cultivated with or without
spleen cells (P<0.001).

Effects of spleen cells on apoptosis and necrosis in
primary hepatocyte cultures

In order to evaluate the significance of the results ob-
tained with the LDP/OC cells, a ptimary hepatocyte cultute
was used. Due to special conditions needed to establish and
to maintain the primary hepatocyte culture without losing
their characteristics and function, the mitotic index, apop-
tosis and necrosis were determined for the effects of spleen
cells and HNE. For the same reason, HNE was used at
a lower concentration, since the cytotoxic concentration
used in previous experiment would have caused necrosis.
There was no difference in the percentage of mitotic cells
between control hepatocytes and hepatocytes treated with
HNE cultivated either alone or with spleen cells (Fig. 4).
When exposed to HNE, there was a statistically significant
increase (P<0.05) of apoptosis and also necrosis of primary
hepatocytes. Primary hepatocytes showed a significant in-
crease (P<0.001) in apoptosis, and also necrosis when cul-
tivated in the presence of spleen cells. In contrast, when
hepatocytes were exposed to HNE and cultivated with
spleen cells, there was a significant decrease (P<0.001) of
apoptosis and necrosis compared to hepatocytes exposed to
HNE but cultured without spleen cells. These results show
similarity to the results for LDP/OC cells published previ-
ously (Cipak ez al., 2005).

DISCUSSION

Primary hepatocytes are used in a variety of studies
ranging from liver repair mechanisms to liver regen-
eration processes and in cell transplantation

with or without matrix components (Chen ez

OV6 CD34 Thyl ACT

(-) control

Figure 1. Expression profile of LDP/OC cells detected by dot-blot, PAS-de-

PAS staining and PCR methods.

Antigens OV6, CD34 and Thy1 were analyzed by dot-blot in comparison with
cell samples without primary antibody as negative control. Glycogen content
was determined by PAS-de-PAS staining (magnification 200x). Albumin (ALB),
a-fetoprotein (AFP), BCL2, biliverdin reductase A (BLVRA), y-glutamyl transferase

(GGTT1) and MYC RNA expression was analysed by RT-PCR.

AOONERL

al., 1983; Selden & Hodgson, 2004; Bruzzo-
nea & Strom, 2006; Oertel & Shafritz, 2008).
However, there remains a problem of their
quiescence and culture stability when the cell
culture is to be established. Most common
solutions designed to meet such a demand
are the use of hepatocellular carcinoma cell
lines or immortalization of primary hepato-
cyte cultures (Anderson e al, 1996; Gon-
deau ez al, 2009). Stll, these solutions are
not satisfying in studies of complex events
including interactions between different types
of cells in processes such as liver regenera-
tion. At the end of the development, liver
is populated with mesodermal cells originat-
ing from hematopoetic cells such as Kupffer
cells, natural killer cells and T cells, sinusoi-
dal endothelial cells and bone marrow cells
and, lastly, parenchymal cells (Thorgeirsson
& Grisham, 2006). The parenchymal cells
comprise mature hepatocytes (those pro-
ducing albumin, biliverdin reductase, glyco-
gen, etc.), biliary cells (expressing CK 9 and
CK19), and progenitor cells (denoted oval
cells, immature hepatocytes, expressing OVG6
and Thyl), which reside near the portal tri-
ade in the canals of Hering, and a small frac-
tion of hepatic stem cells, lower than 0.01%.
The latter are believed to originate from he-
matopoetic stem cells in the bone marrow
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Figure 2. Detection of OV6 antigen in LDP/OC cells by immunoelectron mi-
croscopy (magnification 24500x).
Mouse anti-OV6 monoclonal antibodies labeled with 10 nm gold particles are
indicated by arrows.

(expressing CD34 and c-kit) (Paku ez a/, 2001; Alison ez
al., 2004; Qin et al., 2004).

Previously we showed that LDP/OC cells damaged by
HNE recovered in the presence of spleen cells (Cipak e#
al., 2005). Those cells were afterwards successfully used
to test novel antioxidative compounds for their possible
cytotoxicity and antioxidant capacity iz vitro, taking into
account the potential use of those cells for development
of new hepatoprotective compounds (Borovic ef al,
2006), assuming that this particular liver-derived cell line
shares with primary hepatocytes fundamental biological
features in respect to growth and regeneration. There-
fore the main purpose of the cutrent study was to define
the lineage of the LDP/OC cell line. Gene expression
analysis showed the presence of albumin, which is ex-
pressed in oval cells, hepatoblasts as well as hepatocytes,
confirming liver origin. The presence of GGT1 and AFP
indicated that the cells could not be mature since expres-
sion of these genes is characteristic of hepatoblasts and
oval cells, but not mature hepatocytes. Biliverdin reduct-
ase is expressed in mature hepatocytes indicating that

230 9 D%h O48h B7Zh

200
B
g 150
2
I3
B 100 4
EH -

jj -

® ox %
a —
Control 100pM HNE Control 100pM HNE
- spleen cells + spleen cells

Figure 3. Effects of spleen cells on LDP/OC cell viability.
LDP/OCs were untreated or treated with 4-hydroxynonenal (HNE)
and cultured either with or without spleen cells. LDP/OC viability
was measured with Trypan Blue exclusion assay. *Significantly dif-
ferent compared to untreated hepatocytes; *significantly different
compared to HNE treated hepatocytes without spleen cells.

the cells display certain characteristics of
mature hepatocytes. An abundant presence
of MYC was found in an immortalized cell
line from normal rat liver probably due to
the well-described role of MYC in cell im-
mortalization (Simm es al, 1994; Zindy ez
al., 1998). The absence of CD34 and Thyl,
shown by dot-blot analysis, indicates that
the cells could display characteristics of ma-
ture hepatocytes, which is confirmed by the
abundant presence of glycogen in most of
the cells. On the other hand, the presence
of OVG6 in the cytoplasm indicates that the
cells are of oval cell origin. Thus, the results
obtained indicate that this particular cell line
has characteristics of both immature cells
represented by oval cells and hepatoblasts,
and mature hepatocytes. As it was previous-
ly shown (Cipak ez al, 2005), LPD/OC ate
a heterogenic cell population which occupy
a niche in between oval cells and mature
hepatocytes, classifying them as liver-derived
progenitor/oval-like cells (LDP/OC). This
lineage of immortalized cells of liver origin
may provide a powerful tool in research of
liver regeneration control mechanisms. An
important advantage of LDP/OC is their
stage of differentiation, as they could be
differentiated into two lineages covering the complete
liver structure and function. Moreover, if their reactivity
to liver-damaging conditions, such as lipid peroxidation,
and functional interactions with other cell types would
resemble those of functional hepatocytes, the LDP/OC
cells could be used as a valuable iz vitro model of liver
regeneration important to study further mechanisms of
liver growth control.

In order to compatre the LDP/OC cells with a pri-
mary culture of hepatocytes, they were both treated with
HNE and mixed with spleen cells. Due to the differ-
ences in cell morphology and cultivation conditions dif-
ferent methods were applied to detect the influence of
HNE and spleen cells on these cells. Namely, while the
growth of primary hepatocytes is anchorage-dependent,
LDP/OC cells grow in suspension. The tresults obtained
indicate that spleen cells support the recovery of HNE-
damaged liver cells, both primary hepatocytes and LDP/
OC cells. As expected, HNE increased the percentage
of apoptosis and necrosis in primary hepatocyte cul-
tures, while addition of spleen cells reduced both. As
already proposed for LDP/OC cells (Cipak ez al, 2005)
this beneficial effect of spleen cells could be due to the
removal of damaged hepatocytes by spleen cells and/or
due to recovery of the damaged hepatocytes supported
by spleen cells. Combining the findings obtained for
the two different liver cell types it can be assumed that
spleen cells migrate to the liver and support the recovery
of HNE-damaged liver cells by supporting DNA repair,
which can be achieved by various mechanisms relevant
to liver regeneration. Secretion of liver growth support-
ing cytokines, like I1L.-6, EGF, HGF (Stolz et al., 1999;
Streetz et al., 2000; Taub, 2004) by spleen cells is most
likely essential, and is supposed to occur at the site of
liver damage. Spleen cell migrate to the damaged liver
where they exhibit cytotoxic effects on damaged hepato-
cytes, but without significant effects on the less affected
and less differentiated liver cells which contribute to
the recovery of the liver mass. When liver cells, either
LDP/OC cells or hepatocytes, are oxidatively damaged
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Figure 4. Effects of spleen cells on primary cultures of hepato-
cytes.

Influence of 4-hydroxynonenal treatment and spleen cells on
hepatocytes was monitored by DAPI staining and analysis of
hepatocyte mitosis, apoptosis and necrosis (*Significantly different
compared to untreated hepatocytes; *significantly different com-
pared to hepatocytes cultivated without spleen cells; *significantly
different compared to HNE-treated hepatocytes without spleen
cells).

with HNE-protein adducts spleen cells appear to sup-
port the repair and thus inhibit apoptosis and necrosis
of these cells. HNE is known to activate different sig-
nal transduction pathways, especially EGF and PDGF
receptors (Suc ef al., 1998; Robino et al., 2000), and also
the AP-1 and Nfr2 transcription factors (Uchida e# al,
1999; D’Archivio ez al., 2008), stimulating its own detoxi-
fication. Taking into consideration that there is a loss of
catalase activity during liver regeneration and the role of
HNE in EGF signal transduction and activation of de-
fense mechanisms, the recovery of HNE-damaged liver
cells provides new insight into regeneration mechanisms
which should be further investigated.

Finally, it should be pointed out that LDP/OC cells
may provide a very useful tool for studying cell interac-
tions during liver regeneration. This study further sug-
gests a new approach in research on the role of oxida-
tive stress in the process of oxidative liver tissue damage
and regeneration.
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