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Extraction of isolated cell nuclei with a detergent, 
0.14 M NaC1, and 2 M NaC1 results in an 
insuluble residue consisting mainly of nonhistone 
proteins and retaining the shape and morphologi- 
cal structure of the nucleus. This residue is usu- 
ally reffered to as the "nuclear matrix" (NM) or 
"nuclear skeleton." 

The NM is not  only the structural basis of 
the nucleus but is also involved in important bio- 
logical functions, being the site of DNA replica- 
t ion  and transcription and of m R N A  transport to 
the nuclear envelope [3]. 

The NM of tumor  ceils is characterized by a 
predominance of the high-molecular protein group 
[1]. These proteins are ~-tual ly unidentified. The 
major components  of this group are pore complex 
Nycoproteins [6], DNA topoisomerases [8], and the 
MAP-2-1ike protein p260 [11]. 

A recent  communica t ion  from Sauermann's  
laboratory reports the detection in HeLa cell nucler 
matrix of fibronectin, a normal component  of ex- 
tracellular matrix heretofore undetec ted  in the 
nucleus [13]. Fibronectin has also been found in 
cell nuclei of some hepatomas [5]. 
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The findings ment ioned  above are l imited to 
the immunochemica l  reaction to fibronectin and 
do not  relate to its fine localization in nuclear 
structures. 

We studied N M  isolated f rom a solid rat 
hepatoma 27 and ascites mouse hepatoma 22a and 
compared it to normal  rat liver. 

MATERIALS AND METHODS 

Nuclei from the liver and hepatoma 27 were iso- 
lated according to Blobel and Van Potter's method 
[4] in a modification used in our laboratory [9]. 
Hepatoma 22a cells transplanted in F~(CBAxC57B16) 
mice were destroyed by incubation in distilled wa- 
ter and treatment in a Potter-Elvehjem homog-  
enizer. The nuclei were then sedimented at 800 
and 20,000 g in 1.8 M sucrose. The NM was 
prepared by extraction of isolated nuclei with 0.5% 
Triton X-100, t rea tment  with 100 gg DNase I 
and RNase each in 5 ml of 20 mM Tris-HC1 
buffer, pH 7.4, containing 0.2 M sucrose, 2 mM 
MgC�89 and 3 m M  CaC12. Then the nuclear sap 
and chromatin were successively extracted with 
0.14 M and 2 M NaC1 [9]. 

Preparations of  NM were then subjected to 
electrophoresis in polyacrylamide gel [10]; t h e p r o -  
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Fig. 1. I m m u n o c h e m i c a l  i d e n t i f i c a t i o n  of p260 p r o t e i n  in 
nuclear matrix. I--3) Coomassie blue staining; 4--6) immuno- 
peroxidase  staining with monoclonal  ant ibody to p260; 1,4) 
normal rat liver; 2,5) mouse asci tes  hepatoma 22a; 3,6) rat 
solid hepatoma 27. At left: molecular weight s tandards.  

teins were transferred to nitrocellulose filters [12] 
and protein p260 and fibronectin were detected by 
immunoblot t ing  with monoc lona l  antibodies to 
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Fig. 2. Immunochemical  ident i f ica t ion of f ibronect in.  I - 4 )  Coomassie 
blue staining; 5--9) immunoperoxidase staining with monoclonal antibody 
to fibronectin; 1,5) normal rat hepatocyte  nuclei; 2,6) normal rat liver 
nuclear  matrix; 3,7) mouse  ascites hepa toma nuc lea r  matrix', 4,8) rat 
solid hepa toma nuclear  matrix; 9) bovine serum a lbumin  (specificity 
control). A specific 250 kD bared is seen only in tumor nuclear matrix. 
Bands around 150 and 180 kD are nonspecific.  

mouse IgG conjugated with peroxidase. In the con- 
trol the proteins were stained with 0.1% arnido black. 

An indirect immunological reaction with anti- 
bodies to mouse immunoglobulin conjugated with 
colloid gold was used for electron microscopic lo- 
calization of  the proteins studied. 

Monoclonal antibodies to MAP-2-1ike protein 
p260 (microtubule associated protein 2) were gra- 
ciously provided by Dr. Hiroshi Nakayasu (Kyoto, 
Japan), and antibodies to fibronectin by Dr. O. Yu. 
Printseva from the Institute of Experimental Cardio- 
logy of the Russian Academy of Medical Sciences. 

For electron microscopy isolated nuclei and 
nuclear matrices were fixed in 2.5% glutaraldehyde 
and the immune reaction was performed [7]. The 
material was then processed with alcohols and ac- 
etone and embedded in epon-araldite. Ultrathin 
sections were examined under  a JEM-7A electron 
microscope (Japan). 

RESULTS 

Coomassie blue staining of normal hepatocytes as 
well as electrophoregrams of hepatoma cells re- 
vealed a few dozen protein bands. In tumor prepa- 
rations high-molecular  bands predominated.  By 
immunoblott ing with antibody to p260 only one 
band corresponding to a molecular weight of 260 

kD was revealed in electrophoregrams of 
nuclei and nuclear matrices of both normal 
liver and hepatomas (Fig. 1). 

A high-molecular band corresponding to 
fibronectin was detected in the test with 
antibody to this protein only in prepara- 
tions from tumors but not normal liver nuc- 
lei or NM. Two more bands of lower mo- 
lecular weight stained in this test. As these 
bands were revealed in all preparations, as 
well as in the control free of direct anti- 
gen, they were certainly nonspecific (Fig. 2). 

In the electron microscopic study pro- 
tein p260 is detected as dots uniformly dis- 
tributed over the nuclei and NM, mainly 
inside them (Fig. 3, a). Fibronectin is de- 
tected only in tumor  preparations at the 
periphery of the nuclei and is practically 
absent from the intranuclear area (Fig. 3, b). 

Our  resul ts  show that  besides  the  
known components (DNA-topoisomerase II, 
pore complex glycoproteins, and DNA and 
RNA polymerases) both proteins, p260 and 
fibronectin, are significant constituents of 
the nuclear matrix. The presence of fibro- 
nectin only in tumor  preparations may be 
partly responsible for the predominance of 
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this group of proteins in tumor 
NM. Hence, our results confirm 
the presence of fibrdnectin in nu- 
clei and NM of experimental malig- 
nant tumors [51 and HeLa cells [13]. 

However, no data on the free 
localization of fibronectin in tumor 
nuclei are to be found in the lit- 
erature. The discovery of this pro- 
tein at the nuclear periphery may 
indicate its penetration from the 
extracellular matrix through the 
nuclear envelope. 

The ability of hepatocytes to 
restore and maintain their organo- 
typical structure in vitro and to 
inhibit the production of o~-feto- 
protein during cultivation in col- 
lagen gel or cocultivation with a 
nonparenchymal epitheliocyte stra- 
in of hepatic origin [2] may be 
relevant to our results. In other 
words, it may indicate that pro- 
reins of the extracellular matrix 
may influence cell proliferation 
and transformation. The appear- 
ance of fibronectin and, possibly, 
other proteins of the extracellular 
matrix may be associated with 
their effects of differentiation. 
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Fig. 3. Electron micrographs of ultrathin sections of mouse ascites hepatoma cell 
nucleus with a monoclonal antibody conjugated with colloid gold. a) with antibody 
to p260. Gold particles are detected both inside the nucleus and at the periphery; 
b) with antibody to fibronectin. Gold particles are localized only at the periphery 
of the nucleus. The diameter of gold particles is 40 g. 
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