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1, Introduction 

Two fundamental characteristics of many verte- 
brate tissues are that the cells in the tissues (a) adhere 
to each other [ 11 and (b) are anchored to extracel- 
lular matrix components such as collagen and flbro- 
nectin [2,3f. Both of these features are important in 
the formation and maintenance of the tissues. Cell- 
cell and cell-matrix interactions are also essential for 
other basic cell biological phenomena, e.g., regulation 
of motility and of proliferation [l]. Adhesion of 
actively metabolizing cells to other cells or to matrix 
components is mediated by specific cell surface mole- 
cules [4-81. However, our knowledge about such 
adhesion molecules is still limited. It is not known if 
various adhesion phenomena in the same cell, such as 
cell-cell and cell-matrix adhesion, are mediated by 
the same or by different surface molecules. Never- 
theless cell-substrate adhesion has been considered 
to be essentially the same phenomenon as cell-cell 
adhesion [?I. Here we show that different cell surface 
molecules seem to be involved in the initial reactions 
of cell-cell and cell-collagen adhesion of rat hepato- 
cytes. 

2. Materials and methods 

2.1. Cdl adhesion assays 
Rat hepatocytes were isolated by a collagenase 

perfusion procedure as in [IO]. Procedures have also 

Abbreviations: SDS, sodium dodecy1 sulfate; J&i, junction- 
containing membranes; SM, sinusoidal membranes; CAM cell 
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been published for the determination of: (a) intercel- 
lular adhesion measured as cell aggregation [73; (b) cell 
attachment to collagencoated culture dishes [3]; (c) 
inhibition of intercellular adhesion [7] or cell-collagen 
attachment [ 1 I J by antibodies directed against hepa- 
tocyte plasma membranes; and (d) neutralization by 
solubilized membrane components of the antibody- 
inhibition of hepatocyte adhesion [7]. 

Hepatocytes are polarized in viva, their surfaces 
having three different regions which face the smu. 
soids, neighbouring hepatocytes and the bile canali- 
culi, respectively [ 121. Plasma membranes repre- 
senting each of these 3 regions can be prepared [ 121. 
Here two such preparations were used. Sinusoidal 
membranes were prepared as in [ 121 (fraction M-L). 
Membranes enriched in the contiguous faces of neigh- 
bouring hepatocytes were prepared as in [ 131. The 
latter type of membranes contain junctional com- 
plexes. In addition microsomes, prepared by clas- 
sical differential centr~u~tion after homoge~~ation 
in 0.25 M sucrose 1121, were used. Antisera a@& 
JM and SM, denoted anti-JM [7] and anti-SM [ 1 I], 
respectively, were prepared as in [7,1 I]. 

2.3. Membmrze solubilization and fractionation 
In order to produce specific anti-sera, effective in 

inhibiting cell--cell and cell--collagen adhesion of 
hepatocytes, solubihzed membrane components were 
fractionated and were then used for immunization. 
The details of the puri~cation procedures and of the 
characterization of the antisera will be publi~ed 
elsewhere. Briefly, the frac~ona~ons were carried out 
as follows. 

Membrane components involved in hepatocyte 
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intercellular adhesion were partially purified after 
solubilization of JM with papain [7]. The ability of 
these components to neutralize antiJM antibody- 
mediated inhibition of hepatocyte aggregation was 
used to follow their purification [7]. The papain- 
solubilized components were applied to affmity- 
chromatography on immobilized Lens culinaris 
hemagglutinin. The material which was adsorbed to 
the lectin and desorbed with u-methyl mannoside 
was chromatographed on Sephadex G-200. Com- 
ponents having K, 0.17-0.33 were pooled and 
subjected to chromatography on DEAE-Sephadex at 
pH 6.0 Material eluting with 0.225-0.275 M NaCl 
was pooled and was finally subjected to preparative 

polyacrylamide electrophoresis in SDS. Components 
with neutralizing activity had app. Mr of 60 OOO- 
100 000 according to their migration in the poly- 
acrylamide gel electrophoresis. These components, 
denoted cellCAM were used to immunize a rabbit 
and the resultant antiserum was denoted anticellCAM. 

Membrane components involved in hepatocyte- 

collagen attachment were partially purified after 
solubilization of microsomes with Triton X-100. 
Microsomes were chosen since the yield of SM, 
which are prepared from microsomes, is too low to 
make further fractionation meaningful. The ability 
of these components to neutralize anti-SM antibody- 
mediated inhibition of hepatocyte attachment to 
collagen was used to follow their purification. How- 
ever, in this assay the membrane components were 
first adsorbed to a hydrophobic matrix (Biobeads 
SM-2, Biorad) and washed to remove the detergent 
which otherwise would destroy the cells. The deter- 
gent-solubilized components were applied to affinity 
chromatography on immobilized Lens culinaris 
hemagglutinin. The material which was adsorbed to 
the lectin and desorbed with u-methyl mannoside was 
subjected to affinity chromatography on collagen- 
Sepharose. The collagen-Sepharose column was 
developed with NaCl gradient. The fractions with 
neutralizing activity were pooled and these compo- 
nents, denoted collagenCAM, were used to immunize 
a rabbit. The resultant antiserum was denoted anti- 

collagenCAM. 

2.4. Antibody production 
Antisera were produced by immunizing rabbits 

with membranes or isolated membrane components 
as in [7,11]. The IgG fraction, and Fab fragments 
thereof, of the antisera were prepared as in [7,11]. 
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2.5. Immune precipitation 
Rat liver plasma membranes (JM) were labelled 

with 12’1 by the lactoperoxidase technique [14]. 
Iodinated membranes (1.3 mg protein/ml) were 
soiubilized with 1% Triton X-100 in PBS in the pres- 
ence of 2 mM phenylmethyl sulfonyl fluoride for 
60 min at room temperature. The suspension was 
centrifuged at 100 000 X g for 60 min and to 400 ~1 

supernatant, 50 fi respective anti-serum were added. 

After 15 h at 4°C formaldehyde-fixed bacteria (200 
~1 15% Staphylococcus aureus, strain Cowan I) were 
added. The mixtures were incubated at room tempe- 

rature for 30 min and were then centrifuged at 
2000 X g for 20 min. The pellets were washed 3 times 

in 0.1% Triton X-100 in PBS, The washed pellets 
were treated with 100 fl4% SDS, 6 M urea, 0.068 M 

Tris-HCl (pH 6.8) and were boiled for 2 min. The 
suspensions were centrifuged at 2000 X g for 30 min 
and the supernatants were reduced with 5% P-mercap- 
toethanol. The reduced supernatants were analyzed 
by SDS-polyacrylamide gel electrophoresis on 10% 
gels according to [ 151. The gels were dried and 
exposed to Kodak No-screen X-Bay films. 

3. Results and discussion 

The strategy used in investigating if identical or 
different cell surface molecules are involved in cell- 
cell and cell-collagen adhesion, respectively, was to 
prepare and compare the effects of various antisera 
with abilities to inhibit these adhesion reactions. In 
the first approach we tested antisera against SM and 
JM, respectively. If different surface molecules are 
involved in cell-cell and cell-collagen adhesion, anti- 
bodies prepared against the sinusoidal sides of the 

hepatocytes, where the collagen-containing reticular 
fibres are found, should preferentially inhibit attach- 

ment to collagen. Analogously, antibodies directed 
against the contiguous intercellular junctioncon- 
taining faces should preferentially inhibit cell-cell 
adhesion. Indeed these antibodies had the expected 
relative effects, antiJM being more effective than 
anti-SM in preventing cell aggregation and anti-SM 
being a more potent inhibitor of cell-collagen attach- 
ment than anti-JM (not shown). However, this speci- 
ficity was not absolute and at higher concentrations, 
and after further booster injections, both types of 
antibodies effectively inhibited both types of hepa- 
tocyte adhesion. This behaviour could be explained 
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by the reasonable assumption that the various plasma 
membrane fractions are not exclusively derived from 
the sinusoidal or the contiguous faces, but are cross- 
contaminated. 

Thus more specific antisera were required, and 
with this in mind anticellCAM and anticollagenCAM 
were produced as in section 2. Anti-cellCAM and anti- 
collagenCAM antibodies were found to have a remark- 
able specificity in the hepatocyte adhesion assays. 
Anti-cellCAM only inhibited intercellular adhesion 
and had no effect on cell-collagen attachment, 
whereas ~ti-co~agenC~ only orbited cell- 
collagen attac~ent and had no effect on cell-cell 
aggregation (fig.1). These results clearly demonstrate 
that the hepatocyte surface molecules involved in 
the initial reactions of cell-cell and cell-collagen 
adhesion, respectively, are immunologically differ- 
ent. These molecules seem to be of glycoprotein 
nature since (a) they can be released from hepato- 
cyte membranes by papain or trypsin indicating that 
they are proteins; and (b) they bind to the Lens 
c~~~~~~ hemagglutinin lectin, the binding being 
abolished by u-methyl mannoside, which indicates 
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that they contain carbohydrate. Immune precipita- 
tion of detergent-solub~ized ‘%labelled plasma 
membrane components also demonstrated that the 
anti-cellCAM and anti-collagenCAM antisera were 
both more specific than the anti-JM or antiSM 
antisera (fig.2). The most specific antiserum was 
anticellCAM which essentially reacted with two 
proteins only, having app. Mr of 110 000 and 150 000, 
respectively. Thus cell surface glycoproteins, that are 
involved in intercellular adhesion of rat hepatocytes, 
should be found among these high MI antigens. 

Earlier work from our laboratory has indicated 
that the initial at~c~ent of hepat~ytes to fibro- 
nectin substrates is mediated by other surface mole- 
cules than those involved in the initial attachment to 
collagen [ 1 I] and that fibronectin is neither involved 

Fig.1. Effects of various antibodies on intercellular (A) and 
cell-collagen (B) adhesion of rat hepatocytes. Ah experi- 
ments were performed in a calcium and magnesiumcontain- 
ing medium (medium A in f 3 ] ). The cells were preincubated 
for 30 min at 4’C in the presence of the indicated amounts 
of antibodies. Intercellular adhesion was determined as the 
decrease in single ceils due to aggregation. Cells (1 X IO’? 
in 0.5 ml medium, with or without antibodies, were gyrated 
at 80 rev./mm in flat-bottomed plastic dishes (16 mm diam.) 
at 3 7” C for 40 mm. The no. single cells was determined with 
a Celloscope 302. Cell attachment to collagen substrates was 

determined by seeding 1 X lo6 cells in 1 ml medium, with or 
without antibodies, into Petri dishes (35 mm diam.) coated 
with 150 fig rat skin collagen. After incubation at 37’C for 
30 min the dishes were washed and the no. cells attached 
was determined from the activity of lactate dehydrogenase 
in a Triton X-l 00 lysate of the attached cells. Inhibition of 
0% of intercelhalar adhesion was set to equal the no. remain- 
ing single ceils in the absence of any antibodies. In the absence 
of antibodies 20-40% of the cells remained as single cells 
after 40 min incubation. Inhibition of 100% of intercellular 
adhesion was set to equal the no. single cells in the original 
ceil suspension prior to incubation at 37°C. Inhibition of 
0% of cell-collagen attachment was set to equal the number 
of cells attached in the absence of any antibodies. Inhibition 
of 100% of cell-collagen attachment means that no cells 
had attached. (A) Aggregation was determined in the pre- 
sence of the indicated amounts of Fab fragments of anti-JM 
(A), anti-cellCAM (e), anticollagenCAM (0) and pre-immune 
serum (A), respectively. Fab fragments of anti-SM inhibited 
aggregation essentially in the same way as Fab fragments of 
anti-JM. (B) At~chment to collagen was determined in the 
presence of the indicated boots of IgG molecules of anti- 
SM (A). anti-cellCAM (ef, anti-collagen&W (0) and pre- 
immune serum (A), respectively. IgG molecules of anti-.JM 
inhibited attachment essentially in the same way as IgG 
molecules of anti-SM. 
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Fig.2 Autoradiogram of polyacrylamide gels after electro- 
phoresis of immunoprecipitated ‘**I-Iabelled plasma mem- 
brane components: (1) immune precipitate obtained with 
anti-SM; (2) immune precipitate obtained with anti-coliagen- 
CAM; (3) immune precipitate obtained with anti-JM. (4) 
immune precipitate obtained with anticellCAM. The app. 
Mr indicated in the figure were obtained from comparison 
with the electrophoretic mobilities of standard proteins. The 
radioactive material at the top of the gels represent aggre- 
gated material which did not enter the gels; the amount 
of this material varied from one experiment to another. 

in attachment to collagen [3,1 l] nor in intercellular 
adhesion [7] of rat hepatocytes. Thus we conclude 
that 3 different and probably physiologically impor- 
tant adhesion reactions of rat hepatocytes involve 
different cell-surface molecules. However, there 
seems to be more than one mechanism for initial 
cell-cell adhesion in one singie cell type [&I 6,171. 
The existence of different types of intercellular 
junctions also points in the same direction. Thus 
it is possible that hepatocytes might adhere to each 
other, or to collagen, in more than one way and it 
might accordingly be possible that some cell-cell 

and cell-matrix adhesion phenomena could exhibit 
molecular similarities. Our results only demonstrate 
that on cell type, rat hepatocytes, possesses different 
molecular mechanisms for a few various adhesion 
phenomena. 

Acknowledgements 

This investigation was supported by grants from 
the Swedish Medical Research Council (project no. 
OSZOO), Gustaf V:s 80-“arsfond and the Medical 
Faculty, University of Uppsala, Sweden. The expert 
technical assistance by MS Eva Andersson is gratefully 
acknowledged. 

References 

ill 

121 

131 

[41 

[51 

161 

[71 

[81 
191 

[lOI 

1111 

[I21 

1131 

Trinkaus, J. P. (1969) Cells into Organs, Prentice-Hail, 
Eqlewood Cliffs, NJ. 
Yamada, K. M. and Olden, K. (1978) Nature 2’75, 
179-184 
Rubin, K., Oldberg, A., Hook, M. and obrink, B. (1978) 
Exp. CelJ Res., 117,165-177 
Frazier, W. and Glaser, L. (1979) Ann. Rev. Biochem. 
48,491-523 
Thiery, J. P., Brackenbury, R., Rutishauser, U. and 
Edelman, G. M. (1977) J. Biol. Chem. 252,6841-6845 
Miiller, K. and Gerisch, G. (1978) Nature 274, 
445-449 
dbrink, B. and Ocklind, C. (1978) Biochem. Biophys. 
Res. Commun 85,837-843 
Takeichi, M. (1977) J. Cell Biol. 75464-4’74 
Rees, D. A., Badley, R. A., Lloyd, C. W., Thorn, D. and 
Smith, C. G. (1978) in: Cell-Cell Recognition, (Curtis, 
A. S. G., ed.) pp. 241-260, Cambridge Univ. Press, 
Cambridge. 
bbrink, B., Kuhlenschmidt, M. S. and Roseman, S. 
(1977) Proc. Natl. Acad. Sci. USA 74,1077-1081 
Rubin, K., Johansson, S., Pettersson, I., Ocklind, C., 
Gbrink, B. and Hook, M. (1979) Biochem. Biophys. 
Res. Commun 91,86-94 
Wisher, M. H. and Evans, W. H. (1975) Biochem. J. 
146,375-388 
Ray, T. K. (1970) Biochim. Biophys. Acta 196, l-9 

[ 141 Hubbard, A. L. and Cohn, Z. A. (1972) J. Cell Biol. 
55,390-405 

[15] Laemmli, U. K. (1970) Nature 227,680-685 
1161 Takeichi, M., Ozaki, H. S., Tokunaga, K. and Okada, 

T. S. (1979) Dev. Biol. 70. 195-205 
[ 171 Urushihara, H., Ozaki, H. and Takeichi, M. (1979) 

Dev. Biol. 70, 206-216 

50 


