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Abstract. Background: Previously we found some low
molecular weight proteins identified as histone in hepatocelluar
carcinoma. Our objective was to clarify whether the co-
immunoprecipitation of histone and cytokeratin 18 was an
artifact or not. Materials and Methods: Histone 3 and
cytokeratin 18 were investigated in three cases of human
hepatocellular carcinoma and one case of normal liver tissue.
Nuclei of the tissues were isolated; the proteins inside the
nuclei were analyzed by Western blot. Results: The results
revealed histone was co-immunoprecipitated with cytokeratin
18 in hepatocellular carcinoma. It was speculated that
modulation of the cytoskeleton in human hepatocellular
carcinoma might disturb the organization of the nucleoskeleton.
The unstable nucleoskeleton might further cause instability and
fragility of nuclei, thus possibly exposing the histone and co-
immunoprecipitating it with cytokeratin 18. Conclusion: The
evidence might indicate that expression of histone 3 was highly
related to modulation of cytokeratin 18 and might play an
important role in tumorigenesis of hepatocellular carcinoma.

Intermediate filaments provide flexible scaffolding that
contributes to maintaining the structural integrity of cells and
to resisting stresses that are applied to them (1). However,
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in human liver (including hepatoma), these filaments have
rarely been investigated. In human liver parenchyma cells,
intermediate filaments are formed by keratins. Human
hepatocytes have a very simple keratin composition and
express only one keratin pair: cytokeratin 8 (type II,
molecular weight 52 kDa) and cytokeratin 18 (type I,
molecular weight 45 kDa) (2). Keratins are required for the
maintenance of hepatocyte integrity (3), and altered
expression of keratin gene is known to be related to liver
diseases, including chronic hepatitis, increased hepatocyte
fragility and decreased bile secretion (4).

We have investigated the keratin molecules of cancer
cells for many years; modulation of cytokeratin 18 (CK18)
during tumor transformation in human hepatocellular
carcinoma (HCC) was identified in our previous study (5).
In addition to the modulation of CK18, a group of low
molecular weight proteins (LMP) highlighted in the
12.4-18.4 kDa (mainly in the 14k Da) region were found
in HCC tissues (5) and cell lines (6). The LMPs were also
present in the transitional cell carcinoma of human kidney
and urinary bladder (7), as well as in other carcinomas (8).
These data suggested that LMPs played an important role
in the carcinogenesis of human carcinoma. Considering the
relationship between LMP and CK18, we found that there
were several discriminations between them. First, anti-
CK18 antibody could not recognize LMP on Western blot
assay. This indicated that antigenicity of LMP was different
from CK18. Second, the sequences of N-terminal residues
of LMP were matched with those of the N-terminal
residues of human histone. In our continuous studies, the
LMP found in human HCC and other carcinoma was
proven to be histone 3 (H3) and we also determined that
the expression of H3 in human HCC was altered (9).

Histone has an important role in the condensation of
DNA in chromatin. The amino acid side chains of histone
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are frequently modified by posttranslational additions of
phosphate, methyl, or acetyl groups. The posttranslational
modification of histone might be different between normal
and cancer cells. For example, elevated levels of
phosphorylated H1 and H3 might be responsible for the
less condensed chromatin structure and aberrant gene
expression observed in the oncogene-transformed cells
(10). Aberrant acetylation or deacetylation of histone
leads to many human disorders including cancer; the
various groups of histone acetyltransferase and
deacetylase are implicated in cancer progression and
human diseases (11). The in vitro ADP-ribosylation of
histone was found to be less active in nuclei from
hepatoma than in nuclei from normal liver (12). These
studies revealed that the histone modification in tumor
cells and modulation of histone during tumor
transformation was reasonable.

The nucleoskeleton is a permanent structure of cell nuclei,
consisting of lamina and an inner network of 9- to 13-nm-
thick “core filaments” covered with material referred to as the
“diffuse nucleoskeleton”. The core filaments morphologically
resemble cytoplasmic intermediate filaments and they show
positive immunoreactivity with antibodies against all
subclasses of intermediate filaments (13). It was proposed that
the nuclear matrix (or nucleoskeleton) was a critical,
facilitating element in nuclear functions and played a key role
in DNA replication. Chromatin in the interphase nucleus was
found to be arranged in spatially separate chromosome-
specific territories and it was anchored to the nuclear matrix
that organized the overall nuclear structure (14). In our
opinion, the organization of the nucleoskeleton might be an
important factor in maintaining the architecture of hepatocyte
nuclei; modulation of nucleokeratin might affect the integrity
of hepatocyte nuclei and further influence the gene expression
in human HCC.

Though we had confirmed the nature of the LMPs we
found as H3, it was still not clear whether H3 was related to
CK18 in human HCC. In this study, we investigated the
possibility of co-immunoprecipitation of H3 and CK18 in
human HCC.

Materials and Methods

Specimen and antibodies. Three specimens of human HCC and one
of normal liver tissue were obtained by surgery and stored at —80°C
until analysis. The monoclonal anti-human H3 antibody was from
Abcam (Cambridge, MA, USA), the monoclonal anti-human CK18
antibody was from ZYMED (Carlsbad, California, USA), the
secondary antibody purchased from Jackson ImmunoResearch
Laboratories (West Grove, Pennsylvania, USA) was horseradish
peroxidase labeled anti-mouse IgG, anti-rabbit IgG antibody.

Extraction of CK18 and LMPs. Since LMPs were co-extracted with
CK18 in HCC tissues via our previous studies, the same method was
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used to obtain LMP in this study. The extraction procedure mainly
followed Katsuma er al.’s method (15). Unless otherwise indicated,
the preparation was conducted at 4°C. Briefly, the minced specimen
was first incubated with CSK buffer (300 mM sucrose, 3 mM MgCl,,
0.5% Triton X-100, 10 mM piperazine-1, 4-bis [2-ethansulphonic
acid], 1.2 mM phenylmethylsulfonyl fluoride and 0.1 mM
iodacetamide) containing 100 mM NaCl, for 5 minutes. After three
washings, the pellets were treated with CSK buffer containing 250 mM
(NH,4),SO, for 10 minutes and then with the same buffer containing
bovine pancreatic DNase I (100 pg/ml) and RNase A (100 ug/ml) for
10 minutes. The pellets were rinsed with the same buffer containing
DNase I, RNase A and (NH4),SO, for 10 minutes at room
temperature. Finally, the preparation was resuspended in CSK buffer
adjusting its concentration to 1 mg/ml. Part of the extracted products
were loaded onto sodium dodecyl sulfate polyacrylamide gel for
electrophoresis.

Immunoprecipitation. Protein A beads (from Sigma, USA) and
the ligand (anti-CK18 and -H3 monoclonal antibodies) were
coupled according to the brochure from Pharmacia. Four hundred
micrograms of cellular extract were then incubated with the
bound beads. The unbound protein molecules were washed off
with 0.1 M phosphate buffer, pH 7.2. After centrifugation, the
bound molecule-protein A beads were re-suspended with 2x
sample buffer and then well mixed by means of vortex, heated for
10 min at 95°C to half the molecule-protein A interaction and the
molecules of interest were obtained (16). These immuno-
precipitated proteins were analyzed by gel electrophoresis and
Western blot.

Gel electrophoresis and Western blot assay. Equal amounts of
protein samples were lysed in 2x sample buffer containing
0.5 M Tris-HCI, pH 6.8, 10% sodium dodecyl sulfate, 5%
2-mercaptoethanol and 30% glycerol. Ten micrograms of these
products were separated by 12% sodium dodecyl sulfate
polyacrylamide gel as described by Laemmli (18). Proteins were
visualized by staining with Coomassie brilliant blue. After
electrophoresis, proteins were transferred to PVDF
(polyvinylidene difluoride) membranes (Millipore Corp., USA)
and were incubated with anti-CK18 and anti-H3 monoclonal
antibodies overnight at 4°C. The PVDF membranes were
incubated with horseradish peroxidase-labeled secondary
antibody for 60 minutes at room temperature. The signals were
detected by means of an enhanced chemiluminescence system
(Amersham, USA) (19).

Isolation of nuclei from normal liver and hepatocellular
carcinoma tissues. Single cells were separated from the normal
liver and hepatocellular carcinoma tissues by gentle
homogenization in phosphate-buffered saline (PBS). These
separated cells were washed at 2°C three times with isolation
buffer [3.75 mM Tris-HCI pH7.4, 0.05 mM spermine, 0.125 mM
spermidine, 0.5 mM EDTA, 20 mM KClI, 1% (v/v) thiodiglycol]
in the presence of proteinase inhibitors and then lysed in 40 ml
of ice-cold Triton X-100 lysis buffer (isolation buffer with 0.5%
Triton X-100 and proteinase inhibitors) by gently agitating with a
spatula. The released nuclei were washed again twice with 40-ml
portions of Triton X-100 lysis buffer. Between each centrifugation
at 120 x g for 5 min, the nuclei were re-suspended with a spatula
to avoid shearing forces. After the last Triton X-100 wash, the
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Figure 1. Cell lysates were obtained from normal liver tissue (lane N)
and HCC tissue (lanes TI, T2 and T3). These lysates were
immunoprecipitated by protein A binding with anti-CK18 monoclonal
antibodies. The immunoprecipitated proteins were transferred to a
nitrocellulose membrane and reacted with monoclonal anti-CKI18 (A)
and anti-H3 (B) antibodies, respectively.
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Figure 2. Cell lysates were obtained from normal liver tissue (lane N)
and HCC tissue (lanes T1, T2 and T3). These lysates were
immunoprecipitated by protein A binding with anti-H3 monoclonal
antibodies. The immunoprecipitated proteins were transferred to a
nitrocellulose membrane and reacted with monoclonal anti-CKI18 (A)
and anti-H3 (B) antibodies, respectively.

CK18

nuclei were subjected to strong shearing by 15 strokes in a tightly
fitting Dounce homogenizer to remove cytoplasm (17). Finally,
the isolated nuclei were smeared on a glass slide and visualized
by Riu’s stain. These isolated nuclei were further homogenized
and the protein inside the nuclei was analyzed by gel
electrophoresis and Western blot.

Riu’s stain. The procedure followed the method of Riu (20). After
smearing, the slides were dried and 0.8 ml of Riu’s stain solution A
was added (0.17% eosin Y and 0.05% methylene blue in methanol)
for 30 seconds. Subsequently, 1.6 ml of Riu’s stain solution B
(0.14% methylene blue, 0.12% Azure I,2.52% Na,HPO, * 12H,0,
1.25% KH2PO4 in distilled water) was added and the two solutions
were mixed. The slides were left for 90 seconds at room
temperature. Finally, the slides were rinsed, dried and mounted with
coverslips. Solutions A and B for staining were purchased from
Nuto Pure Chemicals Co. Ltd. (Japan).

B D

Figure 3. By homogenization, the individual cells were separated from
normal liver tissue (A) and HCC tissue (B) and visualized by Riu’s stain
(x1,000). The nuclei were further isolated from these individual cells.
Isolated nuclei were visualized by Riu’s stain and observed under a
microscope. C: Nuclei of normal liver cell (x1,000); D: nuclei of HCC
cell (x1,000).

Results

H3 was co-immunoprecipitated with CK18 in human HCC.
Cellular extractions were obtained from three cases of human
HCC and one case of normal liver tissues, respectively, by the
CSK buffer methods described in Materials and Methods (5).
These extraction products were further immunoprecipitated by
protein A binding with anti-CK18 monoclonal antibodies. The
immunoprecipitated products were then analyzed by Western
blot assay using anti-CK 18 and anti-H3 monoclonal antibodies,
respectively. In Figure 1A, the results of CK18 Western
blotting can be seen: CK18 was recognized in normal liver
(lane N) and HCCs (lanes T1, T2 and T3). This indicated that
the CK18 existed both in normal liver and HCCs. In Figure 1B,
the same samples were analyzed by H3 Western blotting. H3
was found in HCCs (lanes T1, T2 and T3) but not in normal
liver (lane N). The data were identical to our previous study
and indicated that H3 was co-immunoprecipitated with CK18
in HCCs but not in normal liver.

To rule out the possibility of this result being an artifact,
the experiments were repeated using different antibodies. The
cellular extractions were obtained from the same tissue
samples again, and immunoprecipitated by protein A binding
with anti-H3 monoclonal antibodies. The immunoprecipitated
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Figure 4. The total protein of isolated nuclei were separated on 12%
SDS-PAGE and transferred to nitrocellulose membrane and detected
with anti-CK18 antibody (A) and anti-H3 antibody (B) on Western blot.
N: Nuclear protein from normal liver tissues. T: nuclear protein from
HCC tissues.

products were then analyzed by Western blot assay using
anti-CK18 and anti-H3 monoclonal antibodies, respectively.
The results of CK18 Western blot are displayed in Figure 2A:
CK18 was present in HCCs (lanes T1, T2 and T3) but not in
normal liver (lane N). In Figure 2B, it is surprising that H3
appeared only in HCCs (lanes T1, T2 and T3). In contrast,
the immunoprecipitated proteins of normal liver did not
contain H3 (lane N).

By this experiment, we confirmed that in human HCC, H3
was co-immunoprecipitated with CK18; this phenomenon
was not seen in the normal liver and it was not due to
artifacts. Control studies ruled out the nonspecific binding
between protein A and antibodies. The Western blot assay
was negative when the beads were incubated only with cell
lysates (data not shown).

Histone 3 of normal liver cells could not be immuno-
precipitated by anti-H3 antibody. In this study, an interesting
phenomenon was noted in that H3 of normal liver could not
be immunoprecipitated by the anti-H3 antibody (Figure 2B
lane N). Since histone is the nuclear protein inside the
nuclei, we isolated the nuclei from normal liver and HCC
tissues; the protein inside the nuclei was analyzed by gel
electrophoresis and Western blot. By homogenization, the
cells were washed and separated from intercellular stroma of
the normal liver and HCC tissues. Using Riu’s stain to
confirm, the smear revealed individual cells have abundant
cytoplasm with round or oval contour (Figure 3A and B).
The nuclei were later isolated out of these cells and observed
under a microscope. In Figure 3C (nuclei of normal liver
cells) and 3D (nuclei of HCC cells), the pure nuclei were
obtained and there was no contamination from other cellular
components or extracellular matrix. These isolated nuclei
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were further homogenized and the total protein of nuclei was
analyzed by gel electrophoresis and Western blot. In Figure
4A, both of the proteins that were obtained from the isolated
nuclei of normal liver (N) and HCCs (T) were
immunoreactive to the monoclonal anti-CK18 antibody on
Western blot assay. However, CK18 was markedly up-
regulated in HCC nuclei and its molecular weight was larger
than that of normal liver nuclei. The most striking finding
was that H3 existed in the HCC nuclei fraction (Figure 4B
lane T) but not in normal liver nuclei (Figure 4B lane N).

Discussion

In our previous studies, the LMPs found in human HCCs
were confirmed to be H3 (9). Interestingly, we found that the
H3 in human HCCs exhibited higher affinity to anti-CK18
antibody in the process of immunoprecipitation. It was
doubted whether H3 could be co-immunoprecipitated with
CK18 in HCCs. In this experiment, we confirmed that in
human HCCs the H3 was co-immunoprecipitated with
CK18; this phenomenon did not happen in tissue from the
normal liver. We also confirmed the results were not artifacts.
This implied that H3 in human HCC might share some
common features with CK18 and adopted the structure
recognizable for anti-CK18 antibody. This speculation is also
supported by Wood et al.’s study. They showed that histone
shared antigenic determinants with intermediate filaments
since anti-neurofilament antibody did cross-react with
histone (21). Nonetheless, the cross-reaction could not
explain the fact that co-immunoprecipitation of H3 with
CK18 did not occur in normal liver tissue.

Based on the evidence in this study, we raised a hypothesis
to explain the co-immunoprecipitation of H3 with CK18 in
human HCC: in HCC, the higher order structure of the
chromosomes and the organization of nuclei were unstable
thus the nuclei were more fragile than that of normal
hepatocytes. This phenomenon might cause nuclei in HCC to
breakdown more easily and expose the histone proteins during
the process of extraction. In order to confirm this hypothesis,
we isolated the nuclei from normal liver and HCC tissues.
The proteins in these nuclei were then analyzed by gel
electrophoresis and Western blot. Our results revealed that H3
was found in HCC but not in normal liver. We speculated that
the normal liver nuclei might be removed intact during the
total cell extract procedure so the H3 was not exposed, while
the HCC nuclei were broken thus exposing H3 in the total
cell extraction and co-immunoprecipitating it with CK18. The
speculation was also identical to our previous studies since
we found H3 was tightly bound to DNA so that it could not
be recognized by antibodies and could not be immuno-
precipitated in normal liver (9).

The structures of nuclei are supported by the
nucleoskeleton. The nucleoskeleton was thought to be the
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residual framework after removal of the nuclear envelope,
chromatin and soluble components by sequential extractions
(14). The organization of the nucleoskeleton is an important
factor in maintaining the architecture of nuclei. Several studies
had shown the existence of such a structure and mentioned
that it might have a function in response to stress (22); or it
might be involved in nuclear structure changes that occured
during heat-shock response (23). In addition, nuclei assembled
in vitro in the absence of lamins were fragile (24). In this
study, we found CK18 was a part of the nucleoskeleton in
normal liver and HCC nuclei since CK18 was seen in isolated
nuclei by Western blot (Figure 4). This finding with that of
Spencer et al. demonstrated the existence of intermediate
filament proteins, including CK8, 18 and 19, in the nuclear
matrix-intermediate filament fraction of human breast cancer
cell line T-47D5 (25).

Besides the existence of CK18 in nuclei, we also noted
that the CK18 was somewhat altered because we found up-
regulation and modulation of CK18 in HCC nuclei (Figure
4). Regarding these studies, we had the concept that
modulation of the nucleoskeleton (in this study, modulation
of CK18 was proven) could affect the nuclear organization
which in turn would disturb the integrity of the nuclei of
HCC. This could further cause instability and fragility of
HCC nuclei. Much literature had revealed similar concepts:
for example, inappropriate expression of CK19 might be
involved in the epigenetic activation of new cellular
programs, through the reorganization of the cytoskeleton
which in turn might perturb nuclear matrix functions (26).
The cytoskeleton array is a dynamic system that transmits
signals from the cell exterior to nuclear DNA. The
composition and function of this mechanical signaling
pathway was found to be altered in cancer cells (27).

The nucleoskeleton was also reported to connect to nuclear
DNA and to regulate gene expression. For example, the
activation of nucleolar transcription was connected with a
spatial rearrangement of specific rDNA elements relative to
the nucleoskeleton (28). In other studies, the nuclear matrix
proteins play some roles in determining gene expression. For
example, lamin binding to DNA and/or chromatin was
implicated in replication (29). The nuclear matrix protein had
linkage to intermediate filaments of the cytoskeleton. They
were also implicated in transcription, regulation of gene
expression and provided a mooring for certain hormone
receptors (30). Based on these studies, we speculated that by
attachment to DNA/histone, modulated CK18 might be
involved in the regulation of gene expression in human HCC.
The role of DNA attachment and determining gene expression
in the nuclei of human HCC indicated that CK18 plays an
important role in tumorigenesis of HCC.

Several factors are involved in the stability of the
cytoskeleton in hepatocytes. Our previous studies confirmed
that in human liver cells, the stability of the cytokeratin

network was related to the intact microtubule network (31).
In addition, plectin was an important factor in the stability
of cytokeratin, since we found the stability of CK18 is
affected by plectin deficiency in human HCC (32). Based on
these studies, we speculated that the cytoskeleton (CK18) of
human HCC was modulated and unstable, which might
influence the stability of nucleoskeleton and further cause
the instability and fragility of nuclei. After that, the histone
(H3) might be exposed from the nuclei and be co-
immunoprecipitated with CK18 in HCC.

In this study, we determined that H3 was co-
immunoprecipitated with CK18 in human HCC. The
evidence might indicate that expression of H3 was highly
related to modulation of CK18 and might play an important
role in tumorigenesis of human HCC.
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