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Abstract
Background/Aims—Considerable evidence has indicated that apoptosis plays an important role
in hepatocyte death in chronic liver disease. However, the cellular and molecular mechanisms
underlying liver regeneration in the disease are largely unknown. Plausibly, certain molecules
expressed to counteract apoptosis might provide survival advantage of certain liver cells.
Therefore, we investigated a possible expression of decoy receptor 3 (DcR3) of the tumor necrosis
factor (TNF) receptor family in chronic liver diseases since DcR3 is known to inhibit apoptosis
mediated by pro-apoptotic TNF family ligands including FasL.

Methods—A series of liver biopsies from patients with different stages of fibrosis were subjected
to immunohistochemistry and in situ hybridization.

Results—Both DcR3 protein and mRNA were mainly expressed in biliary epithelial cells and
infiltrating lymphocytes in the diseased livers. Most noticeably, intense DcR3 expression was
observed in newly developing biliary ductules in regenerative nodules as well as dysplastic
nodules of cirrhotic livers. In addition, DcR3 secretion in hepatocellular carcinoma (HCC) cells in
culture was via the activation of mitogen-activated protein kinases.

Conclusion—DcR3 was specifically expressed in chronic liver diseases and HCC cells, and
DcR3 might facilitate the survival of liver cells by exerting its anti-apoptotic activity during the
progression of liver cirrhosis and hepatocarcinogenesis.
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Introduction
Apoptosis (programmed cell death) is a normal cellular process that is critical for
maintaining a balance between cell loss and cell gain. Dysregulation of apoptosis has been
implicated in the pathogenesis of cancer and other diseases of various organs, including the
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liver (1). The TNF family (TNFSF) cytokines TNF and Fas ligand (FasL) can induce
apoptosis in a variety of cell types expressing their cognate receptors, TNF-RI (p55) and Fas
(CD95), respectively. The activation of these receptors triggers the recruitment of TRADD
(TNF receptor -associated death domain) or FADD (Fas-associated death domain) that bind
to intracellular domains of TNF-RI and Fas receptors, respectively, which leads to apoptosis
through the activation of caspases, a family of cysteine proteases. Both TNF/TNF-R1 and
FasL/Fas systems are considered to play major roles in the injury of liver cells (2, 3).

Apoptosis in virus infected hepatocytes can contribute to viral clearance, but the activation
of apoptotic pathways can also cause unnecessary destruction of liver cells that can lead to
formation of excessive scar tissue and cirrhosis. A significant increase of apoptotic liver
cells was found in chronic viral hepatitis and cirrhosis (4).

Little is known about how certain liver cells acquire survival advantage to proliferate
alongside cell death in chronically damaged livers, particularly in regenerative nodules of
cirrhotic livers. Speculatively, pro-survival molecules expressed to counteract increased cell
death during the progression of chronic liver diseases might enable certain liver cells to
survive and proliferate. Soluble decoy receptor 3 (DcR3) which is already known to inhibit
the activity of FasL might possess such potential.

DcR3 expression was first discovered in colorectal and lung carcinomas and thus it was
hypothesized that DcR3 might aid cancer cells to evade FasL-mediated cytotoxic attack by
host immune cells (5). DcR3 belongs to the decoy receptor group in the TNF receptor
(TNFR) family that also includes DcR1, DcR2, and osteoprotegerin (OPG). DcR3 exhibits
closest homology to OPG, also a soluble receptor in the family. The DcR3 gene is mapped
at 20q13.3 on the human chromosome (6) and the cDNA comprises 903 nucleotides
corresponding to 300 amino acids with a putative signal peptide. Due to the lack of
transmembrane motif in the cDNA sequence, DcR3 is exclusively secreted as a soluble
protein (7).

Soluble recombinant human DcR3 was shown to bind to three different ligands of the TNF
family namely, FasL, LIGHT and TL1A (5, 8, 9). As a result, DcR3 is believed to inhibit
diverse cellular effects that are mediated by the interaction between these ligands and their
membrane-bound cognate receptors: FasL and TL1A bind to death-domain containing
receptors Fas and DR3 (death receptor 3), respectively, and LIGHT interacts with either
herpes virus entry mediator (HVEM) or lymphotoxin beta receptor (LTbetaR).

As expected, DcR3 can prevent most observed cellular responses that are mediated by its
three ligands via their cognate receptors. DcR3 can prevent apoptosis mediated by FasL (5,
10, 11) and LIGHT (12), and inhibit TL1A mediated caspase induction in cells (9).
Furthermore, DcR3 was shown to provide survival benefits in animal models of fulminant
hepatic apoptosis (13) and acute pulmonary inflammation (14) that are induced by
administering exogenous FasL. These results signified that DcR3 might have a therapeutic
value to treat Fas/FasL mediated pathological conditions.

In an effort to identify molecules that may be important for hepatic cell survival and
regeneration in chronic liver disease, we investigated the expression of DcR3 in liver tissues
from the patients with chronic hepatitis C infection as well as the possible secretion of
soluble DcR3 in hepatocellular carcinoma (HCC) cells in culture. The results demonstrated
that DcR3 is noticeably expressed in developing nodules in cirrhotic livers and that the MAP
kinases ERK1/2 and JNK are responsible for DcR3 secretion in HCC cells.
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Materials and Methods
Reagents and cell lines

Kinase inhibitors, PD98059, U0126, and SP600125 were obtained from LC Laboratories
(Woburn, MA). SB203580, SB202190, and pyrrolidine dithiocarbamate (PDTC) were
purchased from Sigma (St Louis, MO). Hepatocellular carcinoma (HCC) cell lines, SK-
Hep1, HepG2, and Hep3B were purchased from the American Type Culture Collection
(ATCC, Manassas, VA). DMEM was obtained from Cellgro (Herndon, VA) and heat-
inactivated FBS was from Invitrogen (Carlsbad, CA).

Tissues
Paraffin-embedded needle liver biopsy specimens were selected from the files of the
Department of Pathology of the Aristotle University Medical School, and used according to
the Declaration of Helsinki principles and Institutional Review Board policies. The biopsies
were derived from 20 patients with chronic hepatitis C (CHC) infection. Patient
demographics are provided in Table 1. These 20 cases were representative of the different
grades of fibrosis usually seen in CHC (5 cases each with no or mild fibrosis, moderate
fibrosis, severe fibrosis, and cirrhosis). Selection was otherwise random. In addition, 5
archival surgical resection specimens with HCV cirrhosis were also included. Disease
activity was graded according to the histological activity index (HAI) (15) and fibrosis was
staged from 0 to 4 (0 = no fibrosis to 4 = cirrhosis). Four histologically normal looking liver
biopsies were used as control specimens.

Immunohistochemistry (IHC)
Liver tissue sections were prepared from archived paraffin blocks of liver biopsy and
resection specimens. For DcR3 IHC, the monoclonal antibody (mAb) MD3F4 specific to
human DcR3 was employed (16). Tissue sections were cut at 2 μm thickness and mounted
on positively charged slides. Paraffin slides were then incubated overnight at 58 °C. After
dewaxing in multiple fresh xylenes, the slides were rehydrated in descending ethanol
changes. Endogenous peroxidase was blocked for 20 min with 3% H2O2 in methanol and
subsequently slides were rinsed in distilled water. No epitope unmasking was used since this
step was determined to be unnecessary for human DcR3 reactivity with MD3F4. To
abrogate non-specific binding, sections were incubated with a commercially available
blocking solution, Powerblock (Innogenex, San Ramon, CA), at 37 °C for 30 min. Slides
were incubated with MD3F4 (2.5 μg/ml) diluted in Powerblock at 37 °C for 1 hr. After
washing in PBS, a secondary biotinylated anti-mouse antibody (DAKO, Glostroup,
Denmark), diluted at 1:200 in Powerblock, was applied for 1 hr at room temperature (RT).
Color development was achieved with streptavidin-peroxidase and diaminobenzidine (DAB)
(both from DAKO). For counterstain, haematoxylin was used.

In situ hybridization (ISH)
Paraffin sections from the resection specimens were also used for ISH. The SP6/T7-
Polymerase Digoxigenin (DIG)-Labeling and Transcription Kit (Roche, Indianapolis, IN)
was used to synthesize sense (negative control) and anti-sense DIG-labeled DcR3 riboprobes
using the template plasmid that has the human DcR3 cDNA insert flanked by SP6 and T7
sites in pGM-T vector (Promega, Madison, WI). The cDNA (275 bps between nts 329~603;
Genbank # AF1044419) was designed to span exon 1 through exon 2 to increase specific
hybridization of DcR3 mRNA from the gene. Tissue slides were dewaxed, rehydrated,
digested with pepsin in 0.1 N HCl for 30 min at 37°C, acetylated in freshly prepared 1:10
triethanolamine with MgCl2, pH 8, with 0.25% acetic anhydrite, and prehybridized for 2 hr
at 48°C in a hybridization buffer containing 50% formamide, 5X SSC, RNase inhibitor and
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10 μg/ml sssDNA. The riboprobes were then added on the slides in new hybridization
buffer, denatured for 15 min at 70°C and incubated overnight at 45°C. Washings included
20 min in 2X SSC, 15 min in 1X SSC (twice), 15 min in 0.2X SSC at 56°C and 15 min in
0.2X SSC at RT. After blocking for 1 hr, slides were then incubated for 2 hrs with an anti-
digoxigenin antibody conjugated with alkaline phosphatase (Roche) and subsequently
washed in a Tris pH 7.5-NaCl-Tween buffer. Color was developed with NBT/BCIP (Roche)
with the addition of 2 drops of levamizole (Sigma). Sense and antisense probes were run in
parallel, and also reactions were performed without adding the probes as controls. Dark blue
perinuclear signals were considered as positive for the presence of DcR3 mRNA.

Cell culture and ELISA
SK-Hep1 cells were cultured in DMEM supplemented with 10% heat-inactivated FBS. One
day before inhibitor treatment, cells were plated at 2 × 105 cells/well in 24-well tissue
culture plates. After aspirating the medium, fresh culture medium with or without inhibitors
was added to the wells (0.5 ml/well). The culture plates were then incubated for 22 hr at a
37°C, 5% CO2 culture incubator. At the end of inhibitor treatment, cell viability was
confirmed by MTT assay according to the manufacture’s instruction (R&D systems,
Minneapolis, MN). Cells were incubated with the tetrazolium compound MTT which was
reduced by metabolically active cells to insoluble purple formazan dye crystals. After
solubilizing crystals by detergent, the absorbance was read by at 570 nm.

DcR3 releases in culture supernatant were measured by the human DcR3 specific
quantitative ELISA as we described (7). Briefly, 100 μl of culture supernatants were added
to wells of 96-well ELISA plates that were coated with the capture mAb (MD3E2) and
blocked with 3% BSA. The standard DcR3 protein and test samples were added to the wells
and the plates were incubated overnight at 4°C. After washing, a biotinylated detection mAb
(MD3B1) was incubated to wells for 2 hr at RT. After washing, peroxidase-conjugated
streptavidin (Vector Lab., Burlingame, CA) was added to the wells. Color was developed
using TMB substrate solution (KPL, Gaithersburg, MD). After stopping the color reaction
with 1 N H2SO4, plates were read at absorbance 450 nm in an Emax ELISA plate reader
(Molecular Device Co., Sunnyvale, CA).

Results
Localization of DcR3 immunoreactivity in CHC

In most diseased tissue sections, DcR3 immunoreactivity was primarily detected in certain
biliary duct epithelial cells (Fig. 1). DcR3 immunostain was largely absent in hepatocytes,
hepatic stellate cells, and kupffer cells. Inflammatory cells infiltrating the liver were
generally negative for DcR3 with few positive lymphocytes present in cases with mild to
severe fibrosis (Fig. 1). As the severity of fibrosis increases, there were more infiltrating
lymphocytes showing positive DcR3 expression as they were more noticeable in cirrhosis
(Fig. 2). Similarly to other normal organs, DcR3 immunoreactivity was not detected in
normal liver tissue controls, and no staining was observed in the diseased tissues stained
with an isotype-matching negative control mAb (data not shown).

In cases of CHC with cirrhosis, intense DcR3 immunoreactivity was observed in biliary duct
and ductules (ductular reaction) in regenerative nodules (Fig. 2). All the liver specimens
with cirrhosis (5 biopsy and 5 resection specimens) had ductular reactions that showed
intense DcR3 immunostains. The staining in biliary epithelial cells of both duct and ductules
in regenerative cirrhotic nodules was the most consistent observation and no such staining
was observed in tissue sections with no presence of ductular reaction (Fig. 2).
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Moreover, we found that in cirrhotic regions with marked atypia which could be regarded as
early cancer, there were more DcR3 positive cells inside nodules than in pure cirrhosis with
no atypia; inside the cirrhotic nodules the hepatocytes were practically negative for DcR3
(Fig. 3).

Curiously, DcR3 immunostaning was found in the nucleus of certain hepatocytes and biliary
epithelial cells in most liver specimens (Figs. 1 and 3). The staining of liver cells including
the nucleus staining was the same either with or without antigen retrieval. Such nucleus
staining was not detected in our IHC on acute appendicitis specimens using the same
antibody (16). Thus, it will be of interest to investigate whether the DcR3 reactivity in the
nucleus is a unique feature in chronic liver diseases of viral etiology and whether DcR3 has
any function as transcription activator/inhibitor being localized in the nucleus.

Detection of DcR3 mRNA expression in cirrhotic liver
Since DcR3 binds to FasL, LIGHT and TL1A, it is reasonable to speculate that some DcR3
might have bound to the cell surface via these membrane-bound ligands. All these TNF
family ligands belong to type II transmembrane protein family which is present in both
membrane bound and soluble forms. Therefore, the expression of DcR3 mRNA in cirrhotic
liver sections was confirmed by In situ hybridization (ISH).

Similarly to IHC, there were noticeable hybridization signals in the periphery of cirrhotic
nodules (Fig. 4). Signals were detected in small biliary ductules, hepatocytes located at
nodular margins, as well as structures morphologically related to both hepatocytes and
biliary epithelial cells. A prominent signal was also detected in clustered infiltrating
lymphocytes (Fig. 4). According to electron microscopic studies, human hepatic progenitor
cells (HPCs), which have been shown to form newly developing biliary ductules, were
characterized by small size (10 μm), oval shape, and high nucleo/cytoplasm ratio. These
HPCs were demonstrated to have bipotential capacity to become mature hepatocytes and
biliary epithelial cells (17). Thus, the hybridization pattern also seemed to suggest that
biliary ductules might be of HPC origin. Except for periportal regions, hepatocytes were
largely negative for hybridization signals. There were no above the noise-level signals in
control experiments using the sense cDNA probe (Fig. 4). Therefore, the localization of
DcR3 mRNA in cirrhotic livers appeared to be in agreement with the results of DcR3
immunostaining.

DcR3 expression in HCC and SK-Hep1 cell line
It was previously reported that 60% of HCC express DcR3 protein and transcripts (18).
Similarly, we also detected DcR3 protein and mRNA expression in some tissue sections of a
dozen cases of HCC operative specimens (Fig. 5). As DcR3 is known to be exclusively
released as soluble protein, we have further investigated whether certain HCC cell lines
indeed secreted soluble DcR3 in culture supernatant. Among HCC cell lines, SK-Hep1
expressed noticeably high constitutive level of soluble DcR3 in culture supernatant and thus
chosen for studying intracellular signaling pathways involved in DcR3 release.

During the initial screening of inhibitors in different signaling pathways, we found that
mitogen-activated protein kinase (MAPK) but not protein kinase C (PKC) and PKA
pathways were involved in DcR3 expression in SK-Hep1 cells. The MAPK pathway
involves three major kinases, ERK1/2 (p44/p42), p38, and JNK, that are known to be
responsible for numerous cellular behaviors and responses (19).

Among inhibitors of the MAPK pathway, PD98059 was selected since it was shown to
selectively inhibit phosphorylation of MAPK activating kinase (MEK1/2) by the upstream
kinase, MEK activating kinase (MEKK) (20). An inhibitor U0126 was also utilized since
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this compound particularly blocks MEK1/2, the kinases upstream of ERK1/2 (21, 22). A
specific inhibitor of JNK, SP600125, was also tested since it selectively inhibits JNK-1, 2, 3
thus resulting in the inhibition of AP-1 phosphorylation (23). Also, widely used potent
pyridinyl imidazole inhibitors of p38 MAPK, SB202190 and SB203580, were included.
These inhibitors were chosen based on their well recognized specificity in the literature.
Cells were treated with inhibitor concentrations around IC50 and the doses that are shown in
Fig. 6 were confirmed not to adversely affect viability of SK-Hep1 during 22 hr incubation
with the inhibitors.

The treatment of cells with ERK1/2 and JNK inhibitors (U0126, PD98059, and SP600125)
resulted in significant inhibition of DcR3 expression in the cells by 50~70% (Fig. 6A).
However, the two p38 MAPK inhibitors (SB202190 and SB203580) had no inhibitory
effects on the cells. Instead, these inhibitors resulted in DcR3 release up to 25% in the
culture supernatant. Previously, SB203580 was shown to activate Raf-1 (24), therefore the
increased DcR3 release by these inhibitors might have been in part due to the activation of
Raf-1, an upstream kinase of MEK.

Additionally, PDTC, a selective inhibitor of transcription factor NF-κB, was tested. NF-κB
is widely known as a central transcriptional factor that controls transcriptional regulation of
numerous genes involved in inflammation, infection and immunity. Furthermore,
constitutive activation of NF-κB has been also reported in HCC (25). Similarly, SK-Hep1
cells also appeared to constitutively express activated NF-κB as PDTC inhibited DcR3
expression by 70% in the cells (Fig. 6A).

Based on the results from the inhibitor studies, the signaling pathways that are most likely
involved in DcR3 expression in liver cancer cells have been deduced (Fig. 6B). The figure
shows that the signal transduction of DcR3 is mediated by ERK1/2/ and JNK but not p38
MAPK, and that the binding of transcriptional factors AP-1 and NF-κB in the promoter of
human DcR3 gene induces DcR3 release in the liver cancer cells.

Discussion
The mechanism underlying liver regeneration in advanced chronic liver diseases is largely
unknown. Therefore, the prominent expression of anti-apoptotic protein DcR3 in
proliferating biliary epithelial cells in regenerative nodules of HCV-related cirrhosis is of
great significance. We speculate that DcR3 release in chronic liver diseases might aid liver
cells to resist apoptosis mediated by the interaction between pro-apoptotic ligands of DcR3
(FasL, LIGHT, TL1A) and their cognate receptors that are expressed on the surface of liver
cells. The main source of these ligands might be infiltrating T-cells as all these ligands were
shown to be expressed in activated T-cells, and the receptors of these ligands are usually
expressed in a variety of cell types. The expression of LIGHT and TL1A in liver diseases
has yet to be investigated but the expression of Fas and FasL has been demonstrated in
chronic liver diseases.

In CHC, Fas expression was increased in hepatocytes in line with the severity of liver
inflammation. FasL expression was also detected in infiltrating lymphocytes and thus it was
indicated that Fas-positive hepatocytes were likely subjected to apoptosis mediated by the
infiltrating lymphocytes (26, 27). The expression of Fas and FasL in hepatocytes was
significantly higher in the chronic viral hepatitis group than in the cirrhosis group (28) thus
suggesting that apoptotic cell death was likely less active in cirrhosis. FasL expression was
also found in areas with lymphocytic infiltration in hepatitis B virus (HBV)-related cirrhosis
(29).
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Particularly in the liver, Fas/FasL and TNF/TNF-R1 extrinsic apoptosis pathways were
reported to be coupled with the intrinsic mitochondrial apoptotic pathway which is regulated
by pro-apototic (Bid, Bax, and Bak) and antiapoptotic (Bcl-2, and Bcl-xL) molecules of the
Bcl-2 family (30). Bcl-2 expression was localized in bile ducts and mononuclear cells in
CHC, but was not commonly present in hepatocytes (31). In CHC with cirrhosis, Bcl-2
expression was also found in bile ducts and mononuclear cells, but in contrast to CHC
without cirrhosis, Bcl-2 was also expressed in hepatocytes. Therefore, it has been
hypothesized that the increased antiapoptotic Bcl-2 might contribute to hepatocarcinogenesis
and that cirrhosis is selection of Bcl-2 expressing cells (32).

Regardless, apoptosis can be primarily initiated by binding of FasL or TNF to their cell
surface death receptors, and these extrinsic apoptotic pathways are sufficient to induce
apoptosis without participation of the mitochondrial apoptotic pathway. Therefore, the
expression of soluble DcR3 in chronic liver diseases might represent another mechanism
that liver cells utilize to prevent extracellular pro-apoptotic ligands ever reaching to their
cognate death receptors on the cell surface.

A variety of agents including proinflammatory cytokines TNF and IL-1, bacterial antigens
and phorbol ester (PMA) can induce DcR3 release in a number of human primary cells and
cancer cell lines. Previously, we had reported that p38 MAPK was not involved in DcR3
regulation in primary human monocytes and dendritic cells stimulated with endotoxin (LPS)
(33). Also, both constitutive and LPS-induced DcR3 release in the colorectal cancer cells
were mediated by ERK1/2 and JNK but not p38 MAPK (16). Thus, the herein reported lack
of p38 MAPK appeared to be again a feature of DcR3 signaling in liver cancer cells.
Therefore, all human cells expressing constitutive or induced DcR3 that we have so far
checked, either primary culture or cancer cell lines, appeared to involve ERK1/2/ and JNK
but not p38 MAPK. It is known that p38 MAPK plays a critical role in the regulation of pro-
inflammatory and pro-apoptotic proteins such as TNF and FasL (34). Interestingly, reduced
p38 MAPK activity was detected in human liver tumors compared with non-tumorous
controls (35), and the loss of p38 MAPK activation was associated with increased
tumorigenesis in liver cells (36). Therefore, the lack of p38 MAPK involvement might be an
important feature in the regulation of DcR3 expression during the development of cirrhosis
and carcinogenesis in the liver.

Human hepatic progenitor cells (HPCs), an equivalent of oval cells in rodents, are known to
be activated to proliferate when the liver damage is extensive and chronic or if proliferation
of hepatocytes is inhibited, such as in viral infection and cirrhosis (37). The presence of
HPCs has been reported in diseased human livers including severe hepatic necrosis, focal
nodular hyperplasia, primary biliary cirrhosis, as well as alcohol and hepatitis B and C virus
associated cirrhosis (15, 17). Proliferating HPCs are undetectable in normal livers and HPC
numbers in human liver rise with increasing severity of liver diseases. The involvement of
HPCs in liver carcinogenesis has been hypothesized (38–40), however the mechanism
underlying activation and proliferation of HPCs remains largely unknown. In rodents, it has
been proposed that inflammatory growth factors may mediate the proliferation of oval cells
(progenitor cells) during disease progression (41). Therefore, the presence of the antagonist
of apoptosis, DcR3, in newly developing biliary ductules in regenerative cirrhotic nodules is
of interest.

DcR3 has been considered to potentially have therapeutic value in treating fulminant hepatic
failure, because recombinant soluble DcR3 could block exogenous FasL-mediated
hepatocyte apoptosis in rodent hepatitis models (13). Hence, it is quite interesting to detect
the expression of DcR3 in chronic liver disease. DcR3 might indeed have a therapeutic
application in acute fulminant hepatitis in humans as DcR3 expression appeared to be

Kim et al. Page 7

Dig Liver Dis. Author manuscript; available in PMC 2012 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



associated with nodular regeneration in cirrhotic livers. However, in chronic liver disease,
the inhibition of DcR3 release might retard the proliferation of liver cells thus resulting in
slowing down hepatic regeneration, and possibly hepatocarcinogenesis. By targeting
molecules responsible for fibrogenic cascade, liver fibrosis is increasingly considered to be a
potentially treatable pathological complication (42). Therefore, understanding the cellular
and molecular mechanism underlying the liver regeneration process in chronic liver disease
might further provide better treatment modality in the future.
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Fig. 1. Representative examples of DcR3 localization in CHC with fibrosis
In upper case (panels A & B), DcR3 immunoreactivity (dark brown indicated by arrows)
was detected in certain bile duct epithelial cells, and infiltrating lymphocytes were largely
negative for DcR3. In lower case stained with DAB without counterstain, DcR3
immunostaining (red-brown area marked by arrows) was also seen in biliary ducts and some
endothelial cells were DcR3 positive (marked by e in panel C). Both DcR3 positive (dark
brown indicated by p) and negative (light blue indicated by n) hepatocytes’ nuclei were
detected in panel B (DAB, haematoxylin counterstain). Also, DcR3 positive hepatocytes’
nuclei were readily observed in panel D without counterstain. Original magnification: A,
x100; B & D, x400; C, x40.
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Fig. 2. Representative examples of DcR3 localization in CHC with cirrhosis
In the upper panels (panels A & B), the pattern with positive developing biliary ductules
were practically absent and existing bile ducts were negative for DcR3 immunostain (panel
B, b-arrows). Relatively few hepatocytes in the periphery of the nodules were DcR3
immunoreactive (panel B, h-arrows) and mast cells (m) showed immunoreactivity. In the
lower panels (panels C & D), the circled area (panel C) shows growing part of the cirrhotic
nodule that is magnified again in panel D. In panel D, intense immunostains were detected
in structures called hepatobiliary ductules, regarded as an intermediary between hepatocytes
and biliary duct epithelial cells. Panel E shows another cirrhosis specimen showing
positively stained biliary duct and ductules (DAB, no counterstain). Panel F shows DcR3
immunoreactive infiltrating lymphocytes (dark brown). Original magnification: A & C,
x100; B, D, E, & F, x400; (A ~ D & F, DAB, haematoxylin counterstain).
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Fig. 3. Localization of DcR3 expression in dysplastic nodule
The upper panels (A & B) show a case of pure cirrhosis with no atypia. Inside the cirrhotic
nodules, the cells were practically negative for DcR3. The lower panels (C & D) present a
case of cirrhosis with marked atypia which could be regarded as early cancer; cells inside
the nodule were mostly DcR3 positive. Both DcR3 positive (dark brown) and negative (light
blue) nuclei can be observed in panel D. Original magnification: A, C, x100; B, D, x400
(DAB, haematoxylin counterstain).
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Fig. 4. In situ hybridization of DcR3 transcripts in CHC with cirrhosis
In the areas of active inflammation and architectural remodelling (panels A & B), there is
intense staining in infiltrating lymphocytes (Ly), as well as in bile ductular and intermediate
cells (I). Images in B and C (inset) were processed simultaneously to show the background
level staining in CHC cirrhosis with sense-probe (negative control). Brown granules seen in
panels B and C are hemosiderin. Original magnification: A, B, and C, x400.
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Fig. 5. Localization of DcR3 expression in HCC
The right panel (A) represents positive DcR3 immunoreactivity and the left panel (B)
represents positive DcR3 mRNA expression (in HCC tissue section. Original magnification:
A, x400 ((DAB, haematoxylin counterstain); B, x400.
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Fig. 6. DcR3 release in SK-Hep1 was inhibited by inhibitors of ERK1/2 and JNK but not p38
(A)Cells seeded in 24-well tissue culture plates were treated with the indicated inhibitors for
22 hr. DcR3 release in culture supernatants was quantified by ELISA. Experiments were
conducted two independent times with triplicate samples and data are mean ± SD. PD98059
(2.5~20 μM), U0126 (200~400 nM), SP600125 (5~20 μM), and PDTC (50~100 μM)
significantly inhibited DcR3 release in the cells compared to the cells with no inhibitor
treatment. p values between untreated and each inhibitor (grouped effective doses) were less
than 0.05 by unpaired t-test. Summary of DcR3 expression via the activation of MAPKs
(B). Inhibitors of ERK, JNK, p38 MAPK that were used in Fig. 6A are indicated in
parentheses. p38 MAPK inhibitors had no inhibitory effect in DcR3 release. The activation
of NF-κB was likely via NIK (NF-κB inducing kinase pathways, not included in the
diagram). The binding of transcription factors NF-κB and AP-1 (activated by JNK) to the
promoter of DcR3 gene will eventually cause release of soluble DcR3 in SK-Hep1 cells.
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