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Abstract

Polyclonal antibodies generated against a group of high molecular weight nonhistone proteins from

Morris hepatoma 7777 were used in immunological studies of hepatoma-associated nonhistone proteins in rat and
hamster. We revealed the presence of cross-reactive antigens in rat Morris hepatomas 7777 and 8994, and in hamster
Kirkman-Robbins hepatoma, but not in normal rat or hamster livers. These specific nonhistone proteins were found to
be preferentially localized in the nuclear matrix of rat Morris hepatoma 7777 as well as hamster Kirkman-Robbins

hepatoma.
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Nonhistone proteins (NHPs) that are specifi-
cally expressed in neoplastic cells have been
identified in several laboratories [1-6]. This class
of nuclear proteins is thought to be involved in
the regulation of gene activity and to have a
structural function in chromatin [7,8). There is
evidence that the organization of genetic mate-
rial into the dynamic structure of chromatin is
1important for nuclear function [9,10]. In nuclei
of a variety of eukaryotic cell types, chromatin is
anchored to structural proteins called the nu-
clear matrix. The nuclear matrix is a substrue-
ture composed predominantly of nonhistone pro-
teins which resist extraction by detergents,
nucleases, and low and high ionic strength
buffers [11,12]. The nuclear matrix has been
increasingly implicated in dynamic processes,
such as chromatin organization, DNA replica-
tion, gene transcription, and RNA processing
[13-16]. Specific DNA sequences within defined
cellular genes have also been identified which
exhibit highly specific interactions with protein
components of the nuclear matrix, suggesting
that such proteins may delineate both struc-
tural and functional DNA domains [14,17-19].
Such a diversity in the functional activities asso-
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ciated with the nuclear matrix makes it neces-
sary to identify differences in the expression of
its protein components. The nuclear matrix pro-
teins, localized in the interior of the nucleus,
vary in a cell-type-specific manner and have
been shown to be altered during transformation
[20-24].

Attempts in the search for possible hepatoma
specific nonhistone proteins revealed the changes
in nuclear protein composition accompanying
liver carcinogenesis [25-34]. A group of nonhis-
tone proteins with mol. wt. ranging from 160,000
to 200,000 daltons has been found to be specifi-
cally associated with rat hepatomas [35,36].

In this study we have examined the specificity
of the above proteins in relation to a hamster
hepatoma, i.e., Kirkman-Robbins hepatoma. In
order to investigate the role of these proteins in
nuclear functions, their localization in the nu-
clear matrix was analyzed.

MATERIALS AND METHODS
Animals and Tumors

Transplantable Morris hepatoma 7777 and
8994 cells were grown in the thighs of Buffalo
rats. Hepatomas were harvested when tumors
reached 1-2 cm in diameter.

Kirkman-Robbins hamster hepatoma was ob-
tained from the Department of Oncology, School
of Medicine in Lodz. A 0.2 ml sample of a me-



304 Kilianska et al.

chanically dispersed tumor cell suspension taken
from 9 day-old cancer was inoculated subcutane-
ously above the axilla of Syrian hamsters.

Chemically induced hepatomas were pro-
duced by feeding male Fisher rats (Charles River
Breeding Laboratories, Wilmington, MA) of 120
150 g initial weight with Wayne Laboratory
pellets (Allied Mills, Inc., Chicago, I1l.) contain-
ing 10% corn oil (Mazola) and 0.06% 3'-methyl-
4-dimethylaminoazobenzene (3'-MDAB, East-
man Kodak Co., Rochester, NY) according to
Chiu et al. [37]. The rats in control groups were
fed pellets with 10% corn oil.

Livers of normal rats and hamsters were also
used as reference tissues.

Preparation of High Molecular Weight NHPs

Nuclei were isolated from hepatomas and liv-
ers using the modified procedure of Burkhardt
et al. [35]. Chromatin was obtained according to
Chiu et al. [38]. Dehistonized chromatin was
prepared as described [37]. Briefly, freshly pre-
pared chromatin was resuspended in 2.5 M NaCl,
5 M urea, 50 mM sodium acetate (pH 5.0), 0.5
mM phenylmethylsulfonyl fluoride (PMSF) and
stirred for 2 h at 4°C. The chromatin was then
centrifuged at 100,000g for 36 h. The pellet was
then resuspended in 10 mM Tris-HCI (pH 7.6),
0.1 mM MgCL, 0.5 mM PMSF, and stirred for 14
h at 4°C. Undissolved material was removed by
centrifugation at 1,000g for 5 min. The superna-
tant, containing NHPs-DNA complexes, was ad-
justed to 1 mM MgCl, and digested with pancre-
atic DNase I (50 pg/mg DNA) for 30 min at 37°C.
After adjustment to final concentration of 2%
sodium dodecyl sulfate (SDS), 5% 2-mercaptoet-
hanol, and 0.0625 M Tris-HCl (pH 6.8), the
digestions were applied to a column (diameter
2.5 ¢cm) containing 120 cm of Sephadex G-100
and 30 cm of Sephacryl S-100 and equilibrated
with the above buffer. NHPs were eluted with
the same buffer and fractions of 2 ml were
collected at a flow rate of 6 ml/h [36]. The
presence of NHPs with high molecular weight
was estimated by one-dimensional SDS-poly-
acrylamide gel electrophoresis [39].

Immunization of Rabbits

New Zealand white rabbits were immunized
with Morris hepatoma 7777 high molecular
weight NHPs according to Chytil [40]. Antisera
were subjected to immunoabsorption with nor-
mal rat liver chromatin as described by Chiu et
al. [38]. Immunoglobulins were precipitated with

40% saturated ammonium sulfate and were fur-
ther purified by DEAE-cellulose [41].

Fractionation of Nuclei

Nuclei of Morris hepatoma 7777 and Kirkman-
Robbins hepatoma (2 mg DNA/ml) were sus-
pended in 0.25 M sucrose, 5§ mM MgCl,, 5 mM
Tris-HCl (pH 7.4), 1 mM PMSF, and endoge-
neously digested for 45 min at 37°C. The suspen-
sion was spun down at 780g for 20 min. The
pellet was extracted twice with low salt extrac-
tion buffer (10 mM Tris-HCI, pH 7.4, 0.2 mM
MgCl,, 1 mM PMSF) and four times with high
salt buffer (2 M NaCl, 10 mM Tris-HCI, pH 7 4,
0.2 mM MgCl,, 1 mM PMSF) according to the
procedure of Berezney [12,42]. The residual pel-
let was then washed with low salt buffer and the
remaining fraction was nuclear matrix.

SDS-Polyacrylamide Gel Electrophoresis

SDS-polyacrylamide gel (8% acrylamide/0.8%
bis-acrylamide running gel) was performed ac-
cording to Laemmli [39]. The gels were stained
with silver nitrate as described by Wray et al.
[43].

Immunoblotting Assay

Chromatins (1 mg/ml as DNA) were digested
with 50 pg/ml pancreatic DNase I in 10 mM
Tris-HCl (pH 7.6), 1 mM MgCl,, 0.5 mM PMSF
for 1 h at 2°C [35]. The digestion was stopped by
addition of EDTA to 2 mM. Protein concentra-
tion was determined by the method of Lowry et
al. [44]. Samples were made 2% SDS, 10% glyc-
erol, 5% 2-mercaptoethanol, 0.0625 M Tris-HC1
(pH 6.8) and 25 pug/ml pyronin Y, and boiled for
5 min. Proteins in the gel were electrophoreti-
cally transferred to nitrocellulose paper accord-
ing to method of Towbin et al. [45]. For immu-
nodetection, the nitrocellulose was incubated in
10 mM Tris-HC1 (pH 7.6), 10 mM EDTA, 50 mM
NaCl, 1 x Denhardt’s solution (0.02% each of
bovine serum albumin, Ficoll, and polyvinyl pyr-
rolidone) for 40 min at 37°C. The paper was then
washed three times in 100 ml phosphate-buff-
ered saline (PBS, pH 7.2), 0.05% Tween, for 10
min intervals at 37°C. The paper was then incu-
bated for 30 min at 37°C in 3% BSA in PBS to
saturate nonspecific protein-binding sites,
washed as described, and incubated with anti-
sera at 1/100 dilution in 1% BSA in PBS over-
night at 0-4°C. The nitrocellulose was washed
as described and incubated with goat anti-rabbit
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immunoglobulin conjugated to alkaline phos-
phatase (Jackson Lab.) at a 1/5,000 dilution in
1% BSA in PBS for 4 h at room temperature.
Following the wash procedure, the paper was
stained in 0.1 M NaHCO,/0.001 M MgCl, (pH
9.8) containing 0.03% nitro blue tetrazolium
(NBT) and 0.015% 5-bromo-4-chloro-3-indolyl
phosphate (BCIP).

Histological and Immunohistochemical
Examinations

The fixation of liver tissue, tissue processing,
sectioning, and mounting were performed as
described by Nakane and Pierce [46]. Serial
tissue sections were either stained with hematox-
ylin/eosin or subjected to immunohistochemical
staining by the ABC method following the proce-
dure provided by the supplier of the assay kit
(Vector Laboratories, Inc.).

RESULTS

Using antisera against NHPs from Morris
hepatoma 7777 and an immunoblotting tech-
nique, we have identified a group of high molec-
ular weight NHPs which are present in hepato-
mas but not in normal rat liver [35]. These
hepatoma-associated NHPs appeared and in-
creased in rats treated with the carcinogen 3'-
MDAB. 3’-MDAB is a powerful hepatocarcino-
gen which can elicit hepatomas in rats [47]. In
this study, we treated rats with 3'-MDAB for 80
days. At this time point, multiple hyperplastic
nodules were observed in the liver of experimen-
tal rats (Fig. 1B) while no neoplastic changes
could be observed in the liver of control rats
(Fig. 1A). The localization of hepatoma-associ-
ated NHPs in liver sections was determined by
indirect immunohistochemical examination. As
shown in Figure 1D and 1E the antigenic he-
patoma-associated NHPs are localized only in
the nuclei of neoplastic growing foci. No anti-
gens are detected in liver sections of control rats
(Fig. 10).

The specificity of rat hepatoma-associated
NHPs was compared with hamster chromatin to
determine species specificity as shown in Figure
2. The electrophoretic patterns of total chroma-
tin proteins obtained from rat Morris hepatoma
7777 and Kirkman-Robbins hepatoma as well as
control livers are shown in Figure 2A. The immu-
noreactivities of these proteins were also stud-
ied by immunoblotting techniques. As shown in
Figure 2B, chromatin preparations from both
Morris hepatomas, i.e., 7777 and 8994, and Kirk-

man-Robbins hepatoma demonstrated reactiv-
ity to the antibodies generated to Morris he-
patoma 7777 high molecular weight NHPs (their
molecular weights are larger than 80,000 dal-
tons, for detail see ref. [36]). The antigenic he-
patoma-associated NHPs were found in the
NHPs of all hepatoma chromatins ranging from
mol. wt. 80,000 to 100,000, 120,000 to 140,000,
and 160,000 to 230,000 (lanes 2, 2 and 4). No
hepatoma-associated NHPs were detected in nor-
mal rat or hamster livers (lanes 1 and 3).

Recently Wen et al. [48] demonstrated that
hepatoma nonhistone protein antigens were as-
sociated with active genes. The preferential asso-
ciation of active gene sequences with the nuclear
matrix has implicated this structure in the orga-
nization of chromatin and in gene expression
[49,50]. To determine if antigenic hepatoma-
associated NHPs were present in nuclear ma-
trix, nuclei were fractionated into nuclear matri-
ces and various salt-soluble NHPs from rat and
hamster hepatomas as shown in Figures 3 and
4. Nuclear constituents of Morris hepatoma 7777
and Kirkman-Robbins hepatoma were sepa-
rated into four distinct fractions, i.e., nuclear
digest, low and high salt extracts, and nuclear
matrix according to a method developed in Be-
rezney’s laboratory {12,42]. Using an immuno-
blotting assay we detected hepatoma-associated
nonhistone protein antigens preferentially con-
centrated in the nuclear matrix fraction originat-
ing from both rat and hamster hepatomas. How-
ever, some high molecular weight and low
molecular weight immunoreactive bands were
also detected in the endogeneous digestion and
salt extraction fractions. These proteins are prob-
ably associated with active genes or loosely bound
to genomic DNA as described in our earlier
paper [48]. It is interesting to find that the
species of high molecular weight proteins are
different from those present in the nuclear ma-
trix.

DISCUSSION

Abundant evidence exists in the literature
[2,4-7,51] which demonstrates changes in nu-
clear NHPs of cells while they are transformed
from normal to neoplastic states in vivo or in
vitro. However most of the changes in NHPs
were quantatively detected by biochemical meth-
ods such as column chromatography and SDS-
polyacrylamide gel eletrophoresis. Unique pro-
teins characteristic for neoplastic process have
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Fig. 1. A and C show the histological examination of liver
tissue sections. A: Liver tissue section from control rat. B:
Liver tissue section from rat given carcinogen 3'-MDAB for
80 days. Hematoxylin/eosin stain. Final magnification x100.
B,D,E display the immunolocalization of nuclear protein
antigens in liver tissue sections from control rat (C) and
carcinogen-treated rat (D,E), respectively. Final magnifica-
tion x100 for C and D, and x400 for E.
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Fig. 2. SDS-polyacrylamide gel electrophoresis profiles (A} and immuno-identification (B) of chromatin proteins
from rat liver (lane 1); Morris hepatoma 7777 (lane 2); Morris hepatoma 8994 (lane 2'); hamster liver (lane 3); and
Kirkman-Robbins hepatoma (lane 4). The antibodies were recognized by antisera to Morris hepatoma 7777 high
molecular weight NHPs. Arrowheads indicate the positions of molecular weight markers: myosin (Mr 205,000),
B-galactosidase (Mr 116,000), B-phosphorylase (Mr 97,000}, bovine serum albumin (Mr 66,000), and ovalbumin

(Mr 45,000).

recently been observed using immunochemical
detection [25,29,31,33-35,52].

The results of this study revealed that he-
patoma-associated nonhistone protein antigens
in rat hepatoma cells described recently by this
laboratory [36] are also present in other rodent
hepatoma, i.e., hamster Kirkman-Robbins he-
patoma. Both hepatomas are transplantable and
comprise poorly differentiated and very malig-
nant tumor cells. Morris hepatoma 7777 was
originally cultured from a Buffalo rat hepatoma
induced by N-2-fluorenylphthalamic acid. Kirk-
man-Robbins hepatoma cells originated from a
hamster hepatoma induced by testosterone [53].

These antigenic proteins are tightly bound to
DNA. They cannot be dissociated from DNA by
dehistonization procedure, DNase I treatment,
or salt extraction. It requires 2% SDS, 5% 2-mer-
captoethanol to solubilize these proteins from
chromatin. As was shown in Figure 2A, the
chromatin proteins from Morris hepatoma 7777
and Kirkman-Robbins hepatoma represent a

highly heterogeneous complex of polypeptides
from about 35,000 to 250,000 with a predomi-
nant protein species in two regions, i.e., 35,000
55,000 and 100,000-230,000. Molecular charac-
terization of Morris hepatoma 8994 chromatin
proteins were very similar to those from Morris
hepatoma 7777 as was shown previously [36].
Polyclonal antisera raised to high molecular
weight NHPs of Morris hepatoma 7777 reacted
strongly with both rat and hamster hepatoma
NHPs ranging from 80,000 to 100,000, 120,000
to 140,000, and 160,000 to 230,000, but not
with those NHPs from normal liver of rat and
hamster (Fig. 2B).

Treatment of nuclei from eukaryotic cells with
a combination of low and high salt concentra-
tions following endogeneous nuclease digestion
(37°C, 45 min) as recommended by Berezney
and associates [12,42] resulted in an insoluble,
proteinaceous pellet called nuclear matrix.
Despite the lack of a precise definition, numer-
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ous studies have revealed evidence implicating
this structure in many aspects of the nuclear
physiology of normal and pathological cells [12—
14,23,24].

As shown by SDS-polyacrylamide gel electro-
phoresis, nuclear matrix proteins of rat and
hamster hepatomas ranged in molecular size
from about 35,000 to 230,000. It is interesting
to note that hepatoma-associated antigens are
mainly concentrated in the nuclear matrix of rat
and hamster hepatomas (Figs. 3, 4).

As was demonstrated previously by one of our
laboratories [35,54] hepatoma-associated NHPs
are expressed not only in hepatoma cells but also
in hepatocyte cells committed to carcinogenesis.
These antigenic nuclear proteins appeared at an
early stage of hepatocarcinogenesis and steadily
increased during the occurrence of the marked
histological alterations that take place during
chemically induced hepatocarcinogenesis. The
antigenic nuclear proteins were found only in
the nuclei of neoplastic growing foci (Fig. 1).
The appearance of hepatoma-associated NHPs

A

N 1 2 3 4

at early stages of tumor promotion during hepa-
tocarcinogenesis suggests that these nuclear
proteins are related either to a general cell prolif-
eration or to a process specific to hepatocarcino-
genesis. However, our previous results [35] dem-
onstrated that proliferative fetal rat liver and
regenerating liver did not contain these anti-
genic NHPs. The results presented in this paper
also demonstrate that these specific NHPs are
present in both rat and hamster hepatoma. The
possibility that these antigenic nuclear proteins
are associated with the process specific to hepa-
tocarcinogenesis is very high. The possible func-
tional role of such NHPs in neoplastic trans-
formation of liver cells requires further investi-
gation.
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Fig. 3. SDS-polyacrylamide gel electrophoresis profile (A) and immuno-identification (B) of Morris hepatoma 7777
nuclear protein fractions: total nuclear protein fractions (lane N); nuclear endogeneous DNase digestion (lane 1);
low salt extract (lane 2); high salt extract (lane 3); and nuclear matrix (lane 4). The antigens were recognized by
antisera to Morris hepatoma 7777 high molecular weight NHPs. Molecular markers are the same as in Figure 2.
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Fig. 4. SDS-polyacrylamide gel electrophoresis (A) and immuno-identification (B} of Kirkman-Robbins hepatoma
nuclear protein fractions: total nuclear proteins {lane N); nuclear endogeneous DNase digestion (lane 1); low salt
extract (lane 2); high salt extract {lane 3) and nuclear matrix (lane 4). The antigens were recognized by antisera to
Morris hepatoma 7777 high molecular weight NHPs. Molecular weight standards are the same as in Figure 2.
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