




cells were easily obtained by treatment with trypsin in the 
presence of EGTA (TE-treatment) of the monolayers. 

Fig. 1 shows the aggregation profile of liver cells. Cells 
harvested by collagenase-TC-treatment aggregated into larger 
clusters in the presence of Ca 2÷ (Fig. 1 a and b), but not in 
the absence of Ca 2÷ (Fig. 1 c). TE-treated cells did not aggre- 
gate under either condition (Fig. I f ) .  These results suggested 
the presence of typical Ca2+-dependent cell-cell adhesion sys- 
tems (CDS), which are resistant to protease in the presence of 
Ca 2÷ but not in the absence of Ca 2÷, in liver cells. 

Effect of Antibodies on Cell-Cell Adhesion 

Anti-liver Fab and ECCD-1 equally inhibited the aggrega- 
tion of liver cells dissociated by collagenase-TC-treatment 
(Fig. 1, d and e). This Fab also inhibited the aggregation of 
teratocarcinoma F9 and AT805 cells prepared by treatment 
with pronase and Ca 2÷ leaving their CDS intact (Fig. 2). 

These antibodies were added to monolayer cultures of liver 
cells and AT805 cells. Anti-liver caused a rounding-up of 
hepatocytes (data not shown) and AT805 cells (Fig. 3, a and 
b), apparently disrupting their cell-cell adhesion. When 
ECCD-1 was added to the cultures of hepatocytes, the effect 
was not clear during the first few hours of incubation. How- 
ever, when the cells were cultured overnight with ECCD-1, a 
remarkable effect was observed. Colonies of hepatocytes were 
dispersed into smaller cell clusters, although not into single 
cells (Fig. 3, c and d). Such an effect was most conspicuous 
when the antibody was added to the cells from the start of the 
cultures. We then examined which cell types in liver cell 
cultures reacted with ECCD- 1 using an autoradiographic tech- 
nique. Fig. 4 shows that ECCD-1 binds only to hepatocytes, 
not to fibroblastic cells. 

Immunological Identification of Cell-Cell 
Adhesion Molecules 

Cell surface antigens reactive with anti-liver were collected 
from liver cells treated with trypsin in the presence of Ca 2÷ 
(TC) or EGTA (TE), by immunoprecipitation. Fig. 5, a and 
b show that one cell surface protein with an approximate 
molecular weight of 124,000 (124-kdalton component) is 
present only in TC-treated cells. The molecular weight of this 
protein was the same as that of "p140" identified as a com- 
ponent of CDS in teratocarcinoma cells using an antibody 
raised against F9 cells (anti-TC-F9) in our previous work (3). 
Another protein, approximate molecular weight 100,000, was 
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FIGURE 2 Effect of anti-liver Fab on aggregation of AT805 cells 
treated with pronase and Ca 2+. Cells were incubated for 30 min in 
the presence of 1 mM Ca 2+ and various concentrations of anti-liver 
Fab. The degree of inhibition of aggregation was calculated as 
described elsewhere (6). 

FIGURE 3 Effect of antibodies on monolayer cultures of cells. AT805 cells were incubated for 4 h without (a) and with (b) anti- 
liver Fab (2 mg/ml). Liver cells were cultured overnight without (c) and with (d) ECCD-I (diluted 1:5). In c and d, alpha-fetoprotein 
was stained to identify hepatocytes: The cultures were fixed with absolute methanol at -20°C and incubated with rabbit anti- 
mouse alpha-fetoprotein diluted 1:20 (Miles Laboratories, Elkhart, IN), then with goat anti-rabbit IgG diluted 1:10 (Cappel 
Laboratories, Cochranville, PA), and finally with rabbit peroxidase-anti-peroxidase diluted 1:50 (Cappel Laboratories), all of which 
were diluted with PBS. The bound antibodies were detected by staining as described by Boenisch (I 5). (a and b), phase contrast 
microscopy; (c and o0, transmitted light microscopy. Bars, 100/~m. (a and b), x 100; (c and d}, x 126. 
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FIGURE 4 Autoradiographic detection of ECCD-1 bound to liver 
cell culture. Cells were incubated in ECCD-1 solution diluted 1:4 
(containing 2 mM CaCI2) for 30 min at 4"C, and after washing with 
cold HBSS, they were incubated with 1 u.Ci/m112Sl-labeled anti-rat 
lg F(ab')2 in HBSS for 30 min. After washing with HBSS, the cells 
were fixed with 2% glutaraldehyde in HBSS and washed again with 
HBSS, followed by a coating with Sakura autoradiographic emulsion 
NR-M2. A portion of a enclosed by a square was enlarged in b in 
which photographs were focused on silver grains. H indicates 
hepatocytes and F indicates fibroblastic cells. Cells were stained 
with Giemsa's solution. Bar, 25/~m. (a) x 167; (b) x 540. 

was the major cell surface antigen reactive with anti-liver. The 
124-kdalton component was also detected in TC-treated and 
nontrypsinized F9 and ATS05 cells as an antigen reacting 
with anti-liver but not in TE-treated cells (data not shown). 

In detecting the target molecules for ECCD-1, the immu- 
noprecipitation technique used in the above experiments was 
not applicable as described elsewhere (C. Yoshida-Noro, N. 
Suzuki, and M. Takeichi, manuscript submitted), so we uti- 
lized "Western blots." As an antigen source for this analysis, 
the whole cell lysate was not useful, since it did not contain 
amounts of antigen detectable by ECCD-1. To prepare con- 
centrated antigen samples, we collected cell surface molecules 
immunoreacting with anti-liver from monolayer cultures of 
F9 and liver cells by the same method used in the above 
experiments (except that the cells were not radiolabeled), and 
used them for Western blot analysis. The rationale of this 
method was based on the assumption that the target mole- 
cule(s) for ECCD-1 would be one(s) of those for anti-liver, 
and this was supported by the observation that binding of 
radiolabeled ECCD-1 to cell surfaces is inhibited by the 
presence of anti-liver (data not shown). 

Fig. 5 d shows that ECCD- 1 binds to multiple bands in the 
sample of F9 cells, bands I (mol wt 124,000) and II (mol wt 
104,000) being the first and second major components, re- 
spectively, The molecular weight of band I corresponded to 
the 124-kdalton band detected in the above experiment. This 
was consistent with results obtained using an antibody raised 
against F9 cells to collect cell surface antigens, described 
elsewhere (C. Yoshida-Noro, N. Suzuki, and M. Takeichi, 
manuscript submitted). 

In liver, ECCD- 1 reacted with the same components (bands 
I and II) as in F9 cells (Fig. 5, e and f).  However, the ratio of 
bands I and II varied from experiment to experiment, i.e., in 
some cases, band I was the major component and in other 
cases, band lI was. It appeared that the amounts of these two 
components were present in inverse proportions. 

FIGURE 5 Detection of antigens reacting with anti-liver (A) and 
ECCD-1 (B). In A, antigen samples were collected from TC-treated 
liver cells, (a), TE-treated liver cells (b),and monolayers of liver cells 
(c). In B, antigens were collected from monolayers of F9 cells (d) 
and of liver cells (e and f). Molecular weight markers were G, f.. coli 
~-galactosidase (116,000); P, phosphorylase-b (94,000); A, BSA 
(68,000). Positions of these markers are shown only for A. 

also found to be specific to TC-treated cells. When the antigen 
samples were collected from nontrypsinized monolayer cul- 
tures of liver cells, the 124-kdalton component was again 
detected (Fig. 5 c). Interestingly, this 124-kdalton component 

DISCUSSION 

The results described in this paper showed that hepatocytes 
in mouse liver have Ca2+-dependent cell-cell adhesion sys- 
tems, as found in various other cell types. The analysis of cell- 
cell adhesion in hepatocytes, however, seems to be more 
complicated than that in other cells studied thus far, i.e., 
fibroblasts (4), neural retina cells (6), and teratocarcinoma 
cells (2). It was difficult to prepare a suspension of single liver 
cells retaining intact CDS by treatment with protease solutions 
containing Ca 2÷. Consistent with this finding, ECCD-I did 
not completely dissociate colonies of hepatocytes into single 
cells in their monolayer cultures, indicating the presence of 
another mediator(s) for cell-cell adhesion. These mediators 
could be tight junctions, other junctional structures, or some 
unknown molecules in Ca2÷-independent cell-cell adhesion 
systems. Even if there are several different cell-cell adhesion 
mediators in hepatocytes, it seems certain that CDS play a 
major role in maintaining the physiological functions of the 
tissues based on cell-cell adhesion. Thus, we observed that 
animals receiving an injection of ECCD-1 or the hybridoma 
producing ECCD-1 into the peritoneal cavity die shortly 
afterwards (unpublished data). 

Immunological analysis in the present study showed that 
CDS in hepatocytes and teratocarcinoma cells are composed 
of essentially the same components. Two classes of cell surface 
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proteins recognized by ECCD- 1 in teratocarcinoma cells were 
also detected in liver. This suggests that the other tissues 
reacting with ECCD-1, such as epidermis, are also provided 
with the same adhesion molecules. Since ECCD-I reacted 
with various tissues, always affecting their cell-cell adhesion 
(C. Yoshida-Noro, N. Suzuki, and M. Takeichi, manuscript 
submitted), the molecules identified in the present study 
should be of general importance to cell-cell adhesion in many 
kinds of cells. Although the 124-kdalton (and 104-kdalton) 
components are probably the major constituents of CDS in 
the tissues studied here, we cannot rule out the possibility of 
the presence of other components of CDS recognizable by 
ECCD-1, since we detected antigens reactive with ECCD-I 
only from materials immunopreciptated with anti-liver. 

We observed some difference between liver and temtocar- 
cinoma in the electrophoretic pattern of antigens reacting 
with ECCD-1. In teratocarcinoma, band I was the predomi- 
nant component in the Western blot. On the other hand, in 
liver, band I was sometimes detected as a minor component 
and was even undetectable in some electrophoretic runs, 
whereas band II became prominent as band I diminished. 
The most reasonable explanation would be to assume that 
band II is a degradation product of band I. Although protease 
inhibitors were always included in the solutions for extraction 
of antigens, certain classes of proteolytic enzymes might be 
able to cleave the band I component into smaller molecules 
under certain conditions. Teratocarcinoma cells may have 
less of such enzymes. 

The present results are consistent with the recent findings 
of Gallin et al. (l 1). They characterized a cell adhesion 
molecule involved in chick embryonic liver, termed L-CAM. 
The molecular weight of a major component recognized by 
antibodies against L-CAM was 124,000. L-CAM showed a 
Ca2+-sensitive property when cleaved with proteases. Thus, 
the overall properties of L-CAM are quite similar to those of 
the Ca2+-dependent cell adhesion molecules studied here. 
Although we did not detect a tryptic fragment with a molec- 
ular weight of 81,000 as described in their paper, and they 
did not detect a component corresponding to band II de- 
scribed in the present study, the discrepancy between these 
results could only be due to the difference in the method of 
detection of antigens. Gallin et al. (I 1) also reported that L- 
CAM is not detected in fibroblasts, consistent with our find- 
ings. We can, therefore, conclude that mammalian and avian 
cells are provided with Ca2+-dependent cell-cell adhesion mol- 
ecules of the same molecular weight and probably with the 
same cell-type-specificity. 

Ocklind et al. (12) have suggested the involvement of a 
glycoprotein with a molecular weight of 105,000 (cell-CAM 
105) in rat hepatocyte cell-cell adhesion. This molecule is 
quite similar in size to band II of our present study, suggesting 
an identity for these two molecules. If the adhesion system 
that these authors investigated was identical to the one we 
studied, they should have found the band I component. It 
might, however, be that this component is easy to miss owing 
to degradation during preparation of samples. On the other 
hand, Ocklind et al. (13) recently reported that an antibody 
against cell-CAM 105 does not react with skin, whereas 

ECCD-1 strongly reacted with epidermis of this tissue (C. 
Yoshida-Noro, N. Suzuki, and M. Takeichi, manuscript sub- 
mitted), suggesting the possibility that these antibodies may 
recognize the different antigens. 

ECCD-I selectively reacted with hepatocytes and other 
epithelial cells, but not with fibroblastic cells, in cultures of 
various tissues, as shown in the present and other studies (C. 
Yoshida-Noro, N. Suzuki, and M. Takeichi, manuscript sub- 
mitted). The cell adhesion molecules described here, therefore, 
should work only for connecting particular cell types. Previous 
studies demonstrated that fibroblastic cells also have CDS but 
with different functional and immunological specificities from 
those in teratocarcinoma cells (2). We also showed that mouse 
embryos at cleavage stage, even at one-cell stage, are provided 
with CDS of the same specificity as in teratocarcinoma cells 
(14). Therefore, a lineage of cells with ECCD-l-sensitive CDS 
is initiated at the start of embryonic development and contin- 
ues to late developmental stage (probably to adult stage), 
being inherited by certain classes of epithelial cells. Other 
lineages of cells with CDS of different specificities, such as 
fibroblasts, must be generated by diverging from this initiative 
lineage. It will be the important subject in future studies to 
elucidate the developmental significance and the genetic con- 
trol mechanisms of such divergence of cell lineages with 
different types of CDS. 
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